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Stig Brorson considers me as an expert (i.e., someone with a lot of experi-
ence) in shoulder fractures and he gave me the honor of forewording his 
book. I hope he will forgive me to be biased, as a designer of techniques and 
implants for the treatment of proximal humerus fractures (PHFs).

Proximal humerus fractures (PHFs) are the third most common fractures, 
following hip and wrist fractures. With the aging of the world’s population, 
we are going to face a “tsunami” of shoulder fractures … and we are not 
ready because we still have more questions than answers. The book of Stig 
Brorson is arriving just in time to help us seeing clearer and further.

As all orthopedic/trauma surgeons, I have encountered and dealt with 
many shoulder fractures from the very beginning of my career. And, like 
many surgeons, I have often been dissatisfied with the results of the different 
treatment options, especially when seeing how crippling a badly treated 
shoulder fracture can be. This led naturally to questioning all the aspects of 
shoulder fractures, from biomechanics to classification and, of course, care 
and treatment. Then finding answers through clinical studies and putting the 
insight gained into the development of implants and care options to improve 
the outcomes. While thoroughly examining and taking into consideration the 
existing knowledge base, I cannot deny a tiny part of intuition, the condensa-
tion of knowledge and experience.

Stig has looked at the question from a different standpoint, he encom-
passes the past, the present, and asks for the evidence of what works to help 
the future. With this book, Stig has done a huge favor to everyone who is 
interested in shoulder fractures, giving us an all-embracing, documented, and 
thought-provoking compass to shoulder fractures.

Stig has made a tremendous work to show that there is no (or little) clini-
cal evidence in the diagnosis and treatment of shoulder fractures. However, 
the “lack of evidence,” often provided by the literature, should be interpreted 
with caution. For instance, there is no evidence that surgical treatment of 
PHFs could be better than conservative treatment. However, in most series, 
the diagnosis of the type of fractures is incorrect, and this is even obvious 
when looking at the figures provided by the authors in their articles. In other 
words, many studies are comparing “apples with bananas.” In my (expert) 
opinion, the mistake is to use the AO classification for the diagnosis of PHFs 
instead of the “4-part” classification, described by Codman and popularized 
by Neer. While the first one is a descriptive classification, the other is a “con-
cept” rather than a classification, but this concept is helpful for the diagnosis 
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and the indication. A PHF should not be seen as a puzzle to reconstruct, but 
rather as a rotator cuff tear to repair. This means that the fracture anatomy 
and the displacement of the bony parts should be viewed from a soft tissue 
perspective. How can we prove this?… Unfortunately, neither I nor Stig can 
do it. We see here both the limits of evidence-based medicine and expertise.

Another merit of Stig is to scientifically demonstrate that, despite 30 years 
of use, there is high-quality clinical evidence that locking plates did not 
improve the results of treatment of PHFs and led to high rates of complica-
tions and reoperations, even in the hands of proponents and “experts.” This is 
a very kind conclusion. In my experience, locking plates not only do not 
improve the outcomes of treatment of PHFs, but “it burns the bridge” because 
of what I have termed “the terrible triad” after plating of PHFs: posterior GT 
migration, humeral head necrosis, and glenoid destruction. In other words, 
and in agreement with Stig’s work, I strongly believe that the locking plate is 
a “false good idea” for the treatment of PHFs.

Stig also demonstrates that there is no evidence of superiority between 
internal fixation with a locking plate versus a locking IM nail. In other words, 
IM nails are no better than locking plates, and this is not surprising for me: 
most series compare the results of locking plates with those of first or second 
generation IM nails, which are both based on humeral head fixation instead 
of tuberosity fixation. The biggest conceptual mistake is to operate a PHF 
with the primary goal of fixing the humeral head. The shoulder is not the hip! 
The primary goal should not be to fix the humeral head but rather to fix the 
greater tuberosity (GT). Why? For at least two reasons: firstly, because the 
humeral head does not need to be fixed once the tuberosities are recon-
structed, and secondly, because we know how to replace the humeral head (in 
case of necrosis) with a prosthesis, while we don’t know how to deal with a 
massive, irreparable, and retracted posterosuperior rotator cuff tear (after pos-
terior migration of the GT). IM nails that have a screw directed toward the 
head with locking technology “burn the bridge” in the same way that plates 
do. In my experience, the use of third generation IM nail (tuberosity-based 
fixation) is a real game changer.

Stig also questions the value of hemiarthroplasty (HA) and reverse shoul-
der arthroplasty (RSA) for the treatment of PHFs and, once again, he is right. 
We still have to demonstrate that any of these implants is better than no 
implant. Well-designed prospective randomized studies are lacking. But 
again, the studies available should be interpreted with caution. In many series, 
the tuberosities are poorly or not correctly fixed to the implants, and not sur-
prisingly, the results are poor, and the rates of complications/reoperations are 
high. Furthermore, most series report the results of classical implants (used 
for osteoarthritis) with bulky metaphysis that prevents tuberosity healing. 
Again, in my experience, the use of “low profile” implants, specifically 
designed for the treatment of PHFs (i.e., reverse fracture prosthesis), with a 
standardized technique of tuberosity fixation, is also a game changer.

Finally, Stig points out that in very few clinical series, the type of trauma, 
the type of patients, and the degree of osteopenia are considered. It is not the 
same to deal with a 3- or 4-part fracture in a 30-year-old patient with good 
bone quality who had a ski accident (i.e., a high-energy trauma) and a 
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70-year-old woman with severe osteoporosis who fell down from her height 
in her apartment (i.e., a low-energy trauma). Furthermore, besides the func-
tional results, clinical studies should report on the quality of life, the rate of 
complications, and reoperations to allow unbiased comparisons. As we can 
see, the number of parameters that should be considered in the decision-mak-
ing process for a PHF is high. Despite this, I am optimistic: the future is 
bright. Artificial intelligence (AI) will help us soon to improve our diagnosis 
and our decision-making process to choose the best technique and implants. 
The combination of human intuition, clinical experience, and the power of 
calculation of AI will provide the most efficient results.

This book is about much more than shoulder fractures. It describes a new 
philosophy about how we should look at PHFs in terms of diagnosis and 
treatment. This book is a “must read” in a time where teaching and training 
of young surgeons is often provided by the industry, whose interest is to push 
them to operate on all cases and use as many implants (plates, IM nails, pros-
theses) as possible. On the one hand, this book shows us that a nonsurgical 
approach can be recommended for many shoulder fractures with good func-
tional results and almost no risk of complications and reoperations. It is 
always important to remember what has been forgotten. On the other hand, 
this book emphasizes that well-performed surgery (ORIF or prosthesis) in 
carefully selected patients and fractures can provide excellent results with 
low risks of complications and reoperations.

This book already has its prominent place on my bookshelf, and I will put 
it in the hands of all those who deal with this controversial question. 
Orthopedic surgeons, including those in training (residents and fellows), as 
well as medical doctors and physiotherapists should read this wonderful work 
of art, science, and philosophy.

Hopefully, this book will help surgeons to think differently of shoulder 
fractures and prevent them from performing useless or even detrimental sur-
gical procedures. In a certain way, this book is reminding us of the most 
important rule in Medicine, that we should never forget: “First, do no harm!”.

Thank you, Stig for giving us such a wonderful present.

Professor of Orthopaedic Surgery  
and Traumatology, Past-President  
of SECEC (European Society  
for Shoulder & Elbow Surgery)  
ICR-Institut de Chirurgie Réparatrice�

Pascal Boileau

Nice, France
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Stig Brorson is to be congratulated for writing an excellent book on proximal 
humeral fractures, referred to in the book as shoulder fractures. It is important 
to study proximal humeral fractures as analysis has shown that they are com-
mon fractures particularly in females where they are the third most common 
fracture. In a rapidly aging population, they are becoming more common, and 
they are in fact the second most common fracture in males and the third most 
common fracture in females aged 65 years or more. As the aging population 
becomes healthier the incidence of these fractures is going to increase and 
surgeons are going to be faced with an increasing number of proximal 
humeral fractures. It is therefore important to analyze how these fractures are 
treated and to determine how improvements in treatment can be made.

The book is divided into six basic sections dealing with important aspects 
of proximal humeral fractures. These are morphology and epidemiology, his-
tory, fracture patterns and classification, management, the benefits and prob-
lems associated with treatment, and the success of modern treatment 
methods.

The epidemiology of proximal humeral fractures is carefully outlined. It is 
pointed out that shoulder fractures are common injuries, especially in older 
people and are associated with increased mortality. They are also associated 
with other secondary osteoporotic fractures. The morphology and classifica-
tions of proximal humeral fractures are described from Ancient Egypt to 
modern times. There are excellent accounts of the old pre-radiological clas-
sifications and careful analyses of modern classifications such as the Neer 
and AO classifications. The advantages and disadvantages of both these clas-
sifications, and more modern classifications, are described in detail. Surgeons 
will find the descriptions of ancient Egyptian, Greek, and Roman, and more 
modern medieval, classifications and treatment methods to be of considerable 
interest as many surgeons in these times had an excellent understanding of 
fracture morphology and complications. Advances in classification and surgi-
cal treatment after the invention of anesthesia and aseptic wound treatment 
are also described.

The main message that many surgeons should take from this book is that 
Stig Brorson is quite clear that there is little justification for the increased use 
of locking plates and reverse shoulder arthroplasties particularly in older 
patients. He points out that there is little evidence that locking plates or 
reverse shoulder arthroplasties confer benefit over nonoperative treatment in 
older patients and they are associated with a higher complication rate. He 
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states that it is increasingly clear that in two-, three-, and four-part fractures 
in older people surgery is not indicated. He also reports that social and psy-
chological factors are more important than fracture-related factors in recov-
ery in older people. He believes that a recent increase in surgical treatment 
has been driven by a belief in the benefits of surgery, a lack of awareness of 
the evidence, and effective marketing. He describes many modern surgeons 
as academic bonesetters who may not feel the need to follow evidence regard-
ing surgical treatment. We need to develop better measures of outcome and 
undertake better studies of the treatment of these fractures.

I recommend that surgeons treating fractures read this book as it contains 
excellent information about the history and current management of proximal 
humeral fractures, but it also outlines areas where the next generation of sur-
geons can improve their treatment.

Honorary Professor, University of Edinburgh� Charles Court-Brown
Edinburgh, Scotland, Great Britain�
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The treatment of shoulder fractures has provoked discussion for over 
3000  years—and the debate continues. Although recent decades have cer-
tainly seen substantial advancements in orthopedic implants and procedures, 
and made surgical options available for many patients and injuries, the enthu-
siasm for new surgical treatments has not been accompanied by thorough 
testing of their benefits and harms. Randomized clinical trials have been con-
ducted within the last 15 years, but they have not demonstrated the expected 
superiority of surgery over nonsurgical treatment. This disparity has led to a 
growing tension between evidence and practice and presents a challenge to 
the exercise of evidence-based practice.

In this book, I will discuss how orthopedic surgeons think and act when 
practice does not align with the best evidence. The primary focus will be on 
the treatment of shoulder fractures, but I will also touch on aspects of the 
evolution of orthopedic knowledge and practice.

Some orthopedic interventions remain controversial despite a growing 
number of high-quality trials reporting no difference in effect when compared 
to nonsurgical treatment. The treatment of displaced shoulder fractures is a 
conspicuous example. In the orthopedic literature, it has become a cliché that 
the treatment of shoulder fractures remains controversial. A PubMed search 
conducted in July 2024 using the search terms (“Shoulder Fractures”[Mesh]) 
AND (controvers*[Text Word]) revealed 139 articles describing the treatment 
of shoulder fractures as controversial. A search in Google Books using the 
words “proximal humerus controversial” revealed 34 textbooks referring to 
this controversy.

This repeatedly mentioned controversy can no longer be ascribed to any 
lack of evidence of treatment outcomes. In the latest Cochrane review, my 
colleagues and I identified 47 randomized trials, 10 of which compared surgi-
cal and nonsurgical treatments [1]. The studies unanimously found surgical 
interventions to be no superior to nonsurgical treatments. We have, that is to 
say, moved from no evidence of a difference to evidence of no difference. 
Current evidence is quite clear that surgery should no longer be routine for 
shoulder fractures in older people—but, surprisingly, in most countries, the 
number of surgeries has only increased. It is not clear quite how much docu-
mentation might be required to de-implement a surgical intervention intro-
duced without high-quality evidence.

Disagreement between advocates of surgical and nonsurgical treatment is 
not new. In his presidential address to the British Orthopaedic Society of 
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1912, Sir Robert Jones summarized the evidence of his time: “Statistics do 
not seem to throw much light on the vexed question whether or not it is better 
to operate on fractures of the surgical neck of the humerus, for the percent-
ages of good results are nearly equal by each method” [2].

Since Sir Robert Jones’s time, it has become generally established that 
displaced long bone fractures require anatomical reduction and stable fixa-
tion, as stated in the AO principles from the late 1950s [3]. The persistent 
adherence to surgical solutions for any trauma case calls for reflection. In this 
book, I will explore the history of the debate on the treatment of shoulder 
fractures and question whether adherence to the principles of long bone frac-
ture management adds value to older people with osteoporotic shoulder 
fractures.

The book is divided into six parts, comprising 17 chapters. Each chapter 
begins with an abstract and can be read independently or as part of the book. 
Part I introduces the fracture, its morphology, and epidemiology. The first 
chapter 1 discusses inconsistencies in basic descriptive terms and proposes a 
common terminology. The second chapter 2 provides an overview of epide-
miological knowledge, including incidences, prevalences, and trends in sur-
gical activity. Chapter 3 contains an illustrated introduction to the most 
common fracture patterns.

The second part includes a history of shoulder fractures from the earliest 
known surgical texts (Chap. 4) through Medieval and Renaissance sources 
(Chap. 5) to the early twentieth century. The current understanding of patho-
anatomy was laid down in the first half of the nineteenth century (Chap. 6). 
Anesthesia and aseptics were introduced in the mid-nineteenth century,  
followed by radiology at the end of that century. Osteosynthesis became an 
option in the early twentieth century (Chap. 7).

The historical chapters are based on my reading and interpretation of pri-
mary sources. In guiding my search for these, I am indebted to encyclopedias 
on surgical history, in particular Histoire de la chirurgie en occident depuis le 
VIe jusqu’au XVIe siècle by Jean Joseph-Francois Malgaigne (1870) [4], 
Geschichte der Chirurgie und ihrer Ausübung by Ernst Julius Gurlt (1898) 
[5], and Fractures: A History and Iconography of Their Treatment by Leonard 
Peltier (1990) [6]. Whenever possible, I have referred to English translations 
of the texts. Covering more than three millennia of surgical history in four 
chapters may appear somewhat hazardous. I have focused on authors address-
ing shoulder fracture diagnosis, classification, or treatment, and I encourage 
readers to use the historical review as a sourcebook for further reading.

In Part III, I discuss the challenges faced by medical practitioners in under-
standing and interpreting imaging-based fracture patterns and developing 
hierarchies and classification systems. I also question the current use of radio-
graphic classifications as the sole basis for making surgical treatment deci-
sions: the shadow of a bone on a screen, I believe, is an insufficient guide for 
patient-centered and evidence-based decision-making. Chapter 8 covers cog-
nitive processes and fundamental principles in classifying shoulder fractures; 
Chapter 9 examines the underlying assumptions behind the Neer and AO 
classifications; Chapter 10 offers a critical review of the current literature on 
observer agreement and discusses its clinical implications.
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Part IV addresses the growing tension between evidence and practice. The 
development of orthopedics has been driven by the persistent efforts of ortho-
pedic surgeons to develop implants and procedures. Most clinical studies on 
shoulder fractures published today are either non-comparative case series of 
surgical interventions or series with historical controls. Unable to provide 
unbiased estimates of treatment effects, these designs are inadequate for the 
justification of surgical practice: specifically, they cannot tell us whether the 
surgery under study is better than no surgery. Industrial sponsors are reluctant 
to support clinical trials with nonsurgical comparators, which may bias the 
choice of clinical research questions. In Chap. 11, I discuss the abundance of 
meta-analyses; these frequently arrive at different conclusions, even when 
based on the same primary data. While the number of network meta-analyses 
is increasing, they cannot bridge the knowledge gap due to unmet essential 
methodological preconditions.

Although they are rare, there have been game-changing events in the 
treatment of shoulder fractures. Recent examples include the introduction of 
locking plate technology and the extended use of reverse arthroplasty in 
fracture treatment. Both technologies were widely used for over a decade 
before they were tested in randomized trials. Chapter 12 considers why 
orthopedic surgeons persist with the use of locking plates in older people 
despite reports of high failure rates and an absence of benefits compared to 
nonsurgical treatment. In Chap. 13, I critically analyze the clinical evidence 
supporting the increasing use of reverse shoulder arthroplasty in shoulder 
fractures.

In Part V, I focus on measuring the benefits and harms after shoulder frac-
ture treatment. Chapter 14 reviews commonly used assessment tools and their 
properties in a clinical setting, challenging the traditional preference for 
objective assessments. Validated complication terms are essential for weigh-
ing benefits and harms. Chapter 15 provides an overview of the scientific lit-
erature’s multiple overlapping, and sometimes conflicting, complication 
terms and suggests a consensus-based approach to facilitate comparative 
studies. Chapter 16 discusses the lack of follow-up data, especially for non-
surgically treated patients, and recommends systematically collecting out-
come data for all patients, regardless of their treatment. In the closing chapter, 
I discuss the tension between learned medicine and surgical practice within 
the broader context of intellectual history, proposing future evidence-based 
treatment paths for patients with shoulder fractures. I also introduce the con-
cept of the academic bonesetter—a practitioner who integrates surgical skills 
with academic proficiency.

This book recommends a nonsurgical approach for most shoulder frac-
tures. Implementing evidence-based practice will likely decrease the number 
of surgical procedures for proximal humerus fractures in older people. Still, 
we have no reason to believe that the sum of orthopedic procedures will 
decrease. While I have no intention to discredit orthopedic surgery or my fel-
low surgeons, I believe it is essential to acknowledge that the best evidence 
does not always guide clinical decision-making. Poorly performed surgery on 
the right indications does not add value to patients, nor does well-performed 
surgery on the wrong indications.
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The book is a compilation and a rethinking of my clinical and academic 
work. Many patients have generously provided valuable insights and the 
motivation to write it. Conversations with fellow surgeons and academic 
peers have shaped my approach to this common injury. I want to express my 
gratitude to Asbjørn Hróbjartsson, Hanne Andersen, Thomas Juul Sørensen, 
Kenneth Holtz, Zaid Issa, Hans Gottlieb, and Line Houkjær for discussions 
on earlier versions of the book. I am grateful to the late Charles Neer 
(1917–2011) for his encouragement during my early years in shoulder 
research. I want to express my gratitude to 62 co-authors from 10 countries 
who contributed to 42 of my papers published between 2000 and 2024, revis-
ited during the writing of this book. I, however, take full responsibility for the 
errors or uncertainties it contains.

Finally, I am a great fan of orthopedic surgery. Well-performed surgery for 
the right patients, on the right indications, at the right time, can provide excel-
lent value to patients and society. This book is not about the neglect of sur-
gery; this book is about the neglect of evidence.

Copenhagen, Denmark� Stig Brorson 

�References

	1.	 Handoll HH, Elliott J, Thillemann TM, Aluko P, Brorson S. Interventions 
for treating proximal humeral fractures in adults. Cochrane Database Syst 
Rev. 2022;6(6):CD000434. Available from: https://www.cochranelibrary.
com/cdsr/doi/10.1002/14651858.CD000434.pub5/abstract.

	2.	 Jones R. Presidential address on the present position of treatment of frac-
tures. Br Med J. 1912;2:1589–94.

	3.	 Müller ME, Allgöwer M, Willenegger H.  Technik der Operativen 
Frakturenbehandlung. Berlin: Springer; 1963.

	4.	 Malgaigne J-F. Histoire de la chirurgie en Occident depuis le VIe jusqu’au 
XVIe siècle et histoire de la vie et des travaux d’Ambroise Paré. Paris: 
Baillière; 1870. Available from: https://archive.org/details/
histoiredelachir00malg/.

	5.	 Gurlt E. Geschichte der Chirurgie und ihrer Ausubung: Volkschirurgie – 
Alterthum  – Mittelalter  – Renaissance (Vol. 1–3). Berlin: Hirschwald; 
1898. Available from: https://archive.org/details/geschichtederchi01gurl/.

	6.	 Peltier LF. Fractures: a history and iconography of their treatment. San 
Francisco: Norman Publishing; 1990.

Ethics Approval  Primary data has been included in Chap. 16 as part of a 
prospective cohort study approved by The Scientific Ethics Committee, 
Region Zealand, Denmark (jr. no. EMN-2021-07413).

Competing Interests  The author has no competing financial or nonfinan-
cial interests in relation to the content of the book.

August 2024

Preface

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD000434.pub5/abstract
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD000434.pub5/abstract
https://archive.org/details/histoiredelachir00malg/
https://archive.org/details/histoiredelachir00malg/
https://archive.org/details/geschichtederchi01gurl/


xvii

Contents

Part I � What Is a Shoulder Fracture?

	 1	 ��Shoulder Fractures: A Brief Guide to Terminology ���������������������     3
	1.1	��� Introduction�������������������������������������������������������������������������������     3
	1.2	��� Shoulder Fracture�����������������������������������������������������������������������     4
	1.3	��� Dislocated or Displaced?�����������������������������������������������������������     4
	1.4	��� Subluxation of the Humeral Head���������������������������������������������     5
	1.5	��� Complexity���������������������������������������������������������������������������������     5
	1.6	��� Comminution�����������������������������������������������������������������������������     6
	1.7	��� Part, Group, or Class? ���������������������������������������������������������������     6
	1.8	��� Instability�����������������������������������������������������������������������������������     6
	1.9	��� Conservative�������������������������������������������������������������������������������     6
	1.10	��� Pseudoarthrosis, Delayed Union, or Nonunion?�����������������������     7
	1.11	��� Complication�����������������������������������������������������������������������������     7
	1.12	��� Elderly or Old?���������������������������������������������������������������������������     7
	1.13	��� Frailty, Sarcopenia, and History of Falls�����������������������������������     8
	1.14	��� Perspectives�������������������������������������������������������������������������������     8
References�������������������������������������������������������������������������������������������     9

	 2	 ��The Epidemiology of Shoulder Fractures���������������������������������������   11
	2.1	��� Introduction�������������������������������������������������������������������������������   11
	2.2	��� Incidence �����������������������������������������������������������������������������������   11
	2.3	��� Prevalence Matters���������������������������������������������������������������������   12
	2.4	��� National Trends in Surgical Treatment �������������������������������������   13
	2.5	��� Registry-Based Data �����������������������������������������������������������������   14
	2.6	��� Osteoporosis�������������������������������������������������������������������������������   14
	2.7	��� Perspectives�������������������������������������������������������������������������������   16
References�������������������������������������������������������������������������������������������   16

	 3	 ��The Morphology of Shoulder Fractures: An Iconography�����������   19
	3.1	��� Introduction�������������������������������������������������������������������������������   19
	3.2	��� Patterns of Displacement�����������������������������������������������������������   19
	3.3	��� Anatomical Neck Fractures�������������������������������������������������������   20
	3.4	��� Translated Surgical Neck Fractures�������������������������������������������   21
	3.5	��� Impacted Surgical Neck Fractures���������������������������������������������   25
	3.6	��� Tuberosity Fractures������������������������������������������������������������������   27



xviii

	3.7	��� Fractures of the Humeral Neck  
and the Greater Tuberosity���������������������������������������������������������   27

	3.8	��� Fractures of the Humeral Neck and Both Tuberosities �������������   29
	3.9	��� Fracture-Dislocations�����������������������������������������������������������������   30
	3.10	��� Articular Surface Fractures �������������������������������������������������������   31
	3.11	��� Perspectives�������������������������������������������������������������������������������   32
References�������������������������������������������������������������������������������������������   32

Part II � History: Shoulder Fractures from Ancient  
Egypt to the Early Twentieth Century

	 4	 ��Pre-radiological Diagnostics and Classification  
of Shoulder Fractures�����������������������������������������������������������������������   37
	4.1	��� Introduction�������������������������������������������������������������������������������   37
	4.2	��� Ancient Egypt ���������������������������������������������������������������������������   37
	4.3	��� Ancient Greece���������������������������������������������������������������������������   40
	4.4	��� Ancient Rome ���������������������������������������������������������������������������   41
	4.5	��� Medieval Sources�����������������������������������������������������������������������   42
	4.6	��� Renaissance Sources �����������������������������������������������������������������   43
	4.7	��� French Hospital Surgery in the Eighteenth Century �����������������   44
	4.8	��� Perspectives�������������������������������������������������������������������������������   45
References�������������������������������������������������������������������������������������������   46

	 5	 ��Interventions for Shoulder Fractures from Ancient  
Egypt to the Eighteenth Century�����������������������������������������������������   49
	5.1	��� Introduction�������������������������������������������������������������������������������   49
	5.2	��� The Edwin Smith Papyrus���������������������������������������������������������   49
	5.3	��� Human Remains�������������������������������������������������������������������������   50
	5.4	��� The Hippocratic Corpus�������������������������������������������������������������   51
	5.5	��� Galen’s Commentaries to Hippocrates���������������������������������������   54
	5.6	��� Medieval Treatments�����������������������������������������������������������������   54
	5.7	��� Renaissance Surgery �����������������������������������������������������������������   55
	5.8	��� The End of the Hippocratic Legacy�������������������������������������������   56
	5.9	��� Perspectives�������������������������������������������������������������������������������   57
References�������������������������������������������������������������������������������������������   58

	 6	 ��Pathoanatomical Conceptions of Shoulder Fractures  
in the Nineteenth Century ���������������������������������������������������������������   61
	6.1	��� Introduction�������������������������������������������������������������������������������   61
	6.2	��� The French Pathoanatomical School�����������������������������������������   61
	6.3	��� Sir Astley Cooper�����������������������������������������������������������������������   62
	6.4	��� Robert William Smith ���������������������������������������������������������������   63
	6.5	��� Joseph-Francois Malgaigne�������������������������������������������������������   65
	6.6	��� Ludwig Thudichum’s Pathoanatomical Classification���������������   66
	6.7	��� Theodor Kocher�������������������������������������������������������������������������   66
	6.8	��� Perspectives�������������������������������������������������������������������������������   69
References�������������������������������������������������������������������������������������������   69

Contents



xix

	 7	 ��Radiology and the Advent of Surgical Interventions  
for Shoulder Fractures���������������������������������������������������������������������   71
	7.1	��� Introduction�������������������������������������������������������������������������������   71
	7.2	��� Skeletal Radiology���������������������������������������������������������������������   71
	7.3	��� The Short Rotators and the Subacromial Bursa�������������������������   72
	7.4	��� Codman on Fractures�����������������������������������������������������������������   72
	7.5	��� The Four-Part Classification �����������������������������������������������������   73
	7.6	��� Early Surgical Interventions�������������������������������������������������������   75
	7.7	��� Perspectives�������������������������������������������������������������������������������   77
References�������������������������������������������������������������������������������������������   77

Part III � Classification: Knowing and Telling a Fracture

	 8	 ��Why Do We Classify Shoulder Fractures?�������������������������������������   81
	8.1	��� Introduction�������������������������������������������������������������������������������   81
	8.2	��� Morphological Fracture Classification���������������������������������������   82
	8.3	��� Clinical Properties of a Fracture Classification System�������������   83
	8.4	��� Implications of Radiology-Based Classifications ���������������������   83
	8.5	��� Telling a Fracture�����������������������������������������������������������������������   85
	8.6	��� Philosophical Considerations�����������������������������������������������������   86
	8.7	��� Perspectives�������������������������������������������������������������������������������   87
References�������������������������������������������������������������������������������������������   87

	 9	 ��Imaging-Based Shoulder Fracture Classification Systems�����������   89
	9.1	��� Introduction�������������������������������������������������������������������������������   89
	9.2	��� Historical Context ���������������������������������������������������������������������   89
	9.3	��� The First Neer Classification (1970)�����������������������������������������   91
	9.4	��� Early Criticism of the Neer Classification (1993)���������������������   93
	9.5	��� Neer’s Second Response to His Critics (2002) �������������������������   94
	9.6	��� The AO Classification System (1990, 2007, and 2018)�������������   95
	9.7	��� Criticism of the AO Classification System��������������������������������   97
	9.8	��� Perspectives�������������������������������������������������������������������������������   98
References�������������������������������������������������������������������������������������������   98

	10	 ��Why Do We Disagree When Classifying  
Shoulder Fractures?������������������������������������������������������������������������� 101
	10.1	��� Introduction����������������������������������������������������������������������������� 101
	10.2	��� Classification in Everyday Clinic��������������������������������������������� 101
	10.3	��� Measures of Agreement����������������������������������������������������������� 102
	10.4	��� An Introduction to Observer Studies��������������������������������������� 103
	10.5	��� The Landscape of Observer Studies���������������������������������������� 104
	10.6	��� Limitations of Observer Studies ��������������������������������������������� 105
	10.7	��� What Are the Clinical Implications of Disagreement  

on Classification?��������������������������������������������������������������������� 105
	10.8	��� Translation of Categories Between  

Classification Systems������������������������������������������������������������� 106
	10.9	��� Perspectives����������������������������������������������������������������������������� 107
References������������������������������������������������������������������������������������������� 108

Contents



xx

Part IV � Management: Eminence Meets Evidence

	11	 ��Interventions for Shoulder Fractures:  
The Evidence Base ��������������������������������������������������������������������������� 113
	11.1	��� Introduction����������������������������������������������������������������������������� 113
	11.2	��� Randomized Trials������������������������������������������������������������������� 113
	11.3	��� A Failed Trial��������������������������������������������������������������������������� 116
	11.4	��� The Evidence Base for Rehabilitation Interventions��������������� 116
	11.5	��� Systematic Reviews and Meta-analyses���������������������������������� 116
	11.6	��� Multiple Overlapping Meta-analyses��������������������������������������� 118
	11.7	��� Methodological Flexibility������������������������������������������������������� 119
	11.8	��� Network Meta-analyses����������������������������������������������������������� 120
	11.9	��� Perspectives����������������������������������������������������������������������������� 121
References������������������������������������������������������������������������������������������� 123

	12	 ��The Rise and Fall of an Implant: Locking Plates  
in Shoulder Fractures����������������������������������������������������������������������� 127
	12.1	��� Introduction����������������������������������������������������������������������������� 127
	12.2	��� The Biomechanical Properties of Locking Plates������������������� 128
	12.3	��� How Does a Rigid Implant Work in an Osteoporotic  

Humeral Head? ����������������������������������������������������������������������� 129
	12.4	��� Indications for Locking Plate Osteosynthesis������������������������� 131
	12.5	��� The Evidence Base for Locking Plates in Shoulder  

Fractures in Elderly����������������������������������������������������������������� 132
	12.6	��� Failure of Locking Plate Osteosynthesis��������������������������������� 133
	12.7	��� The Locking Plate Epidemic��������������������������������������������������� 134
	12.8	��� Perspectives����������������������������������������������������������������������������� 135
References������������������������������������������������������������������������������������������� 136

	13	 ��The Use of Reverse Shoulder Arthroplasty  
in Shoulder Fractures����������������������������������������������������������������������� 139
	13.1	��� Reverse Shoulder Arthroplasty in Fracture  

Management����������������������������������������������������������������������������� 139
	13.2	��� The Evidence Base for Reverse Shoulder  

Arthroplasty in Fracture Management������������������������������������� 141
	13.3	��� The Limited Impact of a Negative Finding����������������������������� 142
	13.4	��� The “Red Wine Effect” of Fracture Prostheses����������������������� 143
	13.5	��� “The Surgeon’s Fallacy” ��������������������������������������������������������� 143
	13.6	��� Perspectives����������������������������������������������������������������������������� 144
References������������������������������������������������������������������������������������������� 145

Part V � Benefits and Harms

	14	 ��Outcome After Shoulder Fractures������������������������������������������������� 151
	14.1	��� Introduction����������������������������������������������������������������������������� 151
	14.2	��� The Landscape of Outcome Assessment Instruments������������� 151
	14.3	��� Properties of Outcome Assessment Instruments��������������������� 152
	14.4	��� The Constant-Murley Score and Its Limitations��������������������� 152

Contents



xxi

	14.5	��� Patient-Reported Outcomes����������������������������������������������������� 154
	14.6	��� Perspectives����������������������������������������������������������������������������� 154
References������������������������������������������������������������������������������������������� 155

	15	 ��Complications After Shoulder Fractures ��������������������������������������� 157
	15.1	��� Introduction����������������������������������������������������������������������������� 157
	15.2	��� Complications After Non-surgical Treatment  

of Shoulder Fractures��������������������������������������������������������������� 157
	15.3	��� Complications After Surgical Treatment  

of Shoulder Fractures��������������������������������������������������������������� 158
	15.4	��� Toward a Core Event Set for Complication Reporting ����������� 158
	15.5	��� Radiographic Monitoring��������������������������������������������������������� 159
	15.6	��� What Is a Radiological Complication? ����������������������������������� 160
	15.7	��� Malunion: Friend or Foe? ������������������������������������������������������� 163
	15.8	��� Impairment of Rotational Mobility  

and Proprioception������������������������������������������������������������������� 165
	15.9	��� Perspectives����������������������������������������������������������������������������� 165
References������������������������������������������������������������������������������������������� 165

	16	 ��Bridging the Evidence-Practice Gap in Shoulder  
Fracture Management ��������������������������������������������������������������������� 167
	16.1	��� Introduction����������������������������������������������������������������������������� 167
	16.2	��� Barriers to Accommodate Evidence����������������������������������������� 167
	16.3	��� Can Orthopedic Surgeons Change Behavior?������������������������� 168
	16.4	��� What Happens If We Do Not Operate?����������������������������������� 169
	16.5	��� Previous Prospective Cohort Studies��������������������������������������� 169
	16.6	��� The Danish Cohort������������������������������������������������������������������� 171
	16.7	��� Preliminary Outcome Data from the Danish Cohort��������������� 172
	16.8	��� Perspectives����������������������������������������������������������������������������� 174
References������������������������������������������������������������������������������������������� 174

Part VI � Conclusions

	17	 ��Shoulder Fractures in Context: The Academic Bonesetter����������� 179
	17.1	��� Introduction����������������������������������������������������������������������������� 179
	17.2	��� The Historic Bonesetter����������������������������������������������������������� 179
	17.3	��� Poor Practice and Iatrogenic Injury����������������������������������������� 180
	17.4	��� Professional Ethics������������������������������������������������������������������� 181
	17.5	��� The Academic Bonesetter ������������������������������������������������������� 182
	17.6	��� Future Directions��������������������������������������������������������������������� 183
	17.7	��� Perspectives����������������������������������������������������������������������������� 183
References������������������������������������������������������������������������������������������� 184

Contents



xxiii

Stig Brorson  is a clinical professor of orthopedic surgery at the University 
of Copenhagen and serves as a consultant shoulder surgeon at Zealand 
University Hospital in Denmark. He has a PhD in medical philosophy and a 
doctoral degree focusing on fractures of the proximal humerus. His research 
encompasses various aspects of proximal humerus fractures, including their 
cultural history, epidemiology, classification, diagnosis, decision-making, 
evidence-based treatment, outcome assessment, prognosis, and complica-
tions. He has supervised national and international multi-center studies and 
has compiled the current evidence in clinical guidelines, systematic reviews, 
and meta-analyses. Brorson advocates for evidence-based clinical practice 
and supports patient involvement in clinical decision-making. He has ques-
tioned the benefits of surgical interventions for shoulder fractures in older 
adults and argued for the de-implementation of low-value orthopedic proce-
dures. In his clinical practice, he treats around 250 older individuals with 
shoulder fractures each year, with about 5% undergoing surgery.

About the Author



Part I

What Is a Shoulder Fracture?
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1Shoulder Fractures: A Brief Guide 
to Terminology

1.1	� Introduction

Shoulder fractures comprise a heterogeneous 
group of injuries that affect the upper end of the 
humerus. The head of the humerus articulates 
with the glenoid, a part of the scapular bone; 
jointly, they form the bony structure of the 
shoulder joint, also known as the glenohumeral 
joint. The shoulder joint is a ball-and-socket 
joint that offers a wide range of motion. The 
articular capsule, the fibrocartilage rim, the 
biceps tendon, the negative pressure within the 
joint, and the ligaments contribute to the stabil-
ity of the joint. Superficial and deep muscles 
play a crucial role in the morphology of shoul-
der fractures.

A shoulder fracture is most frequently defined 
by its appearance on an anterior-posterior radio-
graph. The fracture determines the pathology, 
while the shoulder or the proximal humerus is the 
topological determinant. While no anatomical 
landmarks distinguish the proximal humerus 
from the humerus shaft, the two may be distin-
guished by a method known as Heim’s square 
(Fig. 1.1).

In an elderly person, the trauma mechanism is 
typically a low-energy trauma following a stand-
ing fall. Swelling, severe pain, and lack of shoul-
der mobility are key symptoms. Although the 
fracture is at the shoulder level, discoloration 

and swelling are often seen at the arm and chest 
due to migration of the fracture hematoma 
(Fig. 1.2).

Fig. 1.1  The square definition of the proximal humerus. 
The widest part of the humeral head is measured to obtain 
the square. The lower endpoint of the square demarcates 
the proximal humerus from the shaft

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93604-3_1&domain=pdf
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Fig. 1.2  A typical 
clinical appearance and 
the corresponding 
anterior-posterior 
radiograph in an elderly 
female with a medially 
translated surgical neck 
fracture

Below, I will briefly discuss some standard 
terms used for pathoanatomical descriptions, 
treatment decisions, and outcome analysis. 
Finally, I will discuss some important terms used 
to define the fracture population.

1.2	� Shoulder Fracture

The term shoulder fracture has been used inter-
changeably with proximal humerus fracture or 
proximal humeral fractures since the early twen-
tieth century. Before the mid-nineteenth century, 
it was challenging to distinguish proximal 
humerus fractures from other traumatic shoulder 
conditions due to the lack of pathoanatomical 
studies and radiology. Given the substantial evo-
lution of medical knowledge and technology over 
the centuries, it is difficult to compare injuries 
from different periods; compound fractures of the 
humerus were discussed in medical texts in 
ancient Egypt, Greece, and Rome, for instance—
but these injuries and the mechanisms causing 
them may differ from those we see today. Even 
today, there is uncertainty on the definition of 
proximal humerus fractures, especially if fracture 
lines cross the surgical neck. It can even be chal-
lenging to determine whether the head of the 
humerus is inside or outside the glenoid. This 
book deals with fractures on the humeral side of 

the shoulder. For brevity, shoulder fracture will 
be used synonymously with proximal humerus 
fracture.

1.3	� Dislocated or Displaced?

In orthopedic terminology, the term dislocated 
refers to any fractured bone that is out of place. 
This can create issues when describing the mor-
phology of shoulder fractures. Displacement, as 
defined by Charles Neer (1917–2011), is present 
when at least two of the four anatomical parts of 
the proximal humerus (Fig. 7.1) are displaced by 
at least 1  cm or angled by at least 45° [1]. 
Although this definition has limitations in clini-
cal practice, it offers a common language for 
communication regarding fractures. Shoulder 
fracture morphology is simplified into a binary 
distinction: minimally displaced or  
displaced. The term dislocated violates this  
distinction and confuses fractures with fracture-
dislocations. Fracture-dislocations are severe but 
rare injuries calling for orthopedic action. 
Neurovascular structures in the axilla and upper 
limb function are in danger when the broken 
humeral head is outside the capsule. In this book, 
the term displaced is preferred. Dislocated is 
restricted to cases explicitly dealing with 
fracture-dislocations.
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1.4	� Subluxation of the Humeral 
Head

Subluxation is a poorly defined radiological term 
that describes a humeral head positioned lower 
than expected in the glenoid cavity on plain 
radiographs, CT, or MRI scans. Luxation is mis-
leading because the humeral head is still inside 
the capsule. On the lateral view, the humeral head 
is found low but not anteriorly or posteriorly to 
the glenoid. The phenomenon is common in 
acute fracture cases and is often reversed after 
mobilization of the rotator cuff (Fig.  1.3). In 
impacted fractures, the humeral head is depressed, 
frequently resulting in an inferior appearance of 
the humeral head.

1.5	� Complexity

Complexity can refer to the morphology of a 
shoulder fracture: a four-part fracture is more 
complex than a two-part fracture, for example, 
and an intraarticular fracture is more complex 
than an extraarticular fracture. Some associate 
complexity with dislocation or comminution, 
while others link it to neurovascular involvement. 
In surgical communities where the treatment of 
choice is open reduction and internal fixation, 
complexity can refer to the expected difficulty  
in reconstruction surgery. In the latest 
Arbeitsgemeinschaft für Osteosynthesefragen/
Orthopaedic Trauma Association (AO/OTA) 
classification revision, the term complex has been 

Fig. 1.3  Subluxation of the humeral head in a 71-year-
old female with a surgical neck fracture. During the first 
week, the fracture collapsed into varus, and the head was 
found low in the glenoid cavity. After rehabilitation, the 

rotator cuff was reactivated, and the humeral head became 
better centered. The impaction of the humeral head 
remained. Radiographs at admission, 1 and 12  weeks. 
Clinical photos at 12 weeks

1.5  Complexity
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replaced by multifragmentary—a change that 
does little to aid clarity [2].

1.6	� Comminution

Comminution is a commonly used but poorly 
defined descriptive term. Radiologists use the 
term to report that the fracture has more than two 
bony fragments. It has limited value for clinicians 
unless the description is within the frame of 
Codman’s four anatomical parts. Some use the 
term for three- and four-part fractures, while oth-
ers for metaphyseal comminution. This ambigu-
ity is further confused by other terms such as 
multipart, multifragment, or multi-segment. 
These terms play a role in clinical decision-
making, and explicitly defining them in clinical 
and scientific contexts is essential.

1.7	� Part, Group, or Class?

Descriptive terms referring to pathoanatomical 
classification systems (Chap. 9) are often used 
interchangeably in the scientific literature and may 
cause confusion and the imperfect transmission of 
information. Commonly used terms include part, 
segment, fragment, type, group, subgroup, class, or 
category. Type, group, and subgroup are associated 
with the AO/OTA classification [3]. Part and seg-
ment are related to the Neer classification [1] based 
on Codman’s four anatomical parts of the proximal 
humerus [4]. Category and class are neutral to the 
classification system and can be used in fracture 
communication if accompanied by a specification. 
As discussed in Chap. 10, substantial inconsisten-
cies between classification systems can make 
translation between systems impossible and dimin-
ish the external validity of clinical research.

1.8	� Instability

Instability is a term used to describe the expected 
course of a fracture. In a clinical context, it refers 
to the surgeon’s interpretation of a radiograph, 
evaluation of the stability of the fracture, selec-

tion of an implant for the specific fracture pat-
tern, and prediction of the patient’s prognosis. 
Ultimately, the stability of a shoulder fracture can 
be assessed under fluoroscopy by manipulating 
the fracture while the patient is anesthetized. 
While this procedure was the standard in the 
1960s and 1970s, it has been replaced by 
advanced imaging modalities or simply by oper-
ating on all radiographically displaced fractures.

A fracture is often considered unstable if the 
fracture morphology changes between two radio-
graphic assessments. With the tendency of dis-
placed shoulder fractures to settle and consolidate, 
however, especially within the first few weeks, 
changes in the radiographic appearance do not 
automatically indicate the need for surgical inter-
vention. The concept of stability is based on a spe-
cific surgical tradition; it is not a natural property of 
the fracture. If a fracture is deemed unstable, it 
requires surgery. Conversely, if you believe a frac-
ture requires surgery, you will likely classify it as 
unstable. A two-part surgical fracture with medial 
translation (Fig. 1.2) may be considered unstable 
by a surgeon who is familiar with locking plates, 
for example, even if that fracture might offer good 
potential for natural healing and function. 
Figure 1.3 shows a fracture proven unstable due to 
secondary varus collapse within the first week after 
injury. Despite this, the patient can still have a good 
clinical outcome. High-quality clinical data to chal-
lenge our assumptions about fracture stability is 
needed. Without modifying our clinical perspective 
based on the best evidence, we risk continuing to 
perform unnecessary or even harmful surgery.

1.9	� Conservative

In orthopedic terminology, conservative treat-
ment commonly refers to any treatment not 
involving open surgery. This includes closed 
reduction, bandaging, supervised or non-
supervised training, watchful neglect, or neglect. 
Since the term can lead to the imperfect transmis-
sion of information if different stakeholders inter-
pret it differently, this book uses non-surgical or 
nonoperative rather than conservative, accompa-
nied by a treatment specification. It should be 
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noted that before the advent of anesthetics and 
antiseptics in the mid-nineteenth century (Chap. 
6), any procedure involving a medical practitioner 
or described by a medical writer was termed sur-
gical or operative, even if it was not invasive in a 
modern sense. For many modern surgeons, the 
term conservative is used to demarcate the group 
of patient cases outside the surgeon’s interest. 
However, even if only some 10% of cases require 
surgery, the remaining patients still need medical 
attention. The challenge lies in identifying the few 
cases that do require surgery—which needs a 
thorough evaluation of the entire population of 
patients with shoulder fractures.

1.10	� Pseudoarthrosis, Delayed 
Union, or Nonunion?

Pseudoarthrosis is commonly used to describe a 
condition lacking radiological bony healing after a 
fracture. This may result in the formation of a false 
joint with the creation of a synovial membrane and 
joint fluid. This is typically identified through 
radiographs and defined by the duration of failed 
healing. In clinical use, the term pseudoarthrosis 
overlaps with the conditions of delayed union or 
nonunion. Radiographs cannot reveal the pathoa-
natomical changes or the clinical symptoms, and 
biomechanical factors such as weight-bearing need 
to be considered, calling for different treatment 
strategies for upper and lower extremity fractures. 
While some disturbances in the healing process 
may not show any symptoms, severe pain can still 
occur even if a fracture seems to have healed per-
fectly on radiographs. Therefore, the terms pseudo-
arthrosis, delayed union, and nonunion, as 
diagnosed on radiographs, are not very useful as 
indications for surgery or in clinical research (Fig. 
15.1). The strength of fibrous healing is often 
underestimated, as is the strength and pain relief 
after lateral and posterior callus bridging and end-
osteal callus formation (Figs. 3.9 and 3.10).

CT scans are sometimes used to confirm the 
progress of healing after a shoulder fracture. 
However, in older people with osteoporosis and 
non-surgically treated displaced fractures, com-
plete and rapid healing cannot be expected. It is 

more relevant to monitor the appearance of lat-
eral and endosteal callus bridging and decreasing 
symptoms rather than relying on advanced imag-
ing. MRI scans will show bone edema and incom-
plete healing. Lack of radiological healing is 
commonly found for an extended period.

Some commonly agreed definitions for the 
reading and interpretation of images may be 
helpful for more standardized reporting and study 
comparison. In an international consensus proto-
col for radiological monitoring of proximal 
humerus fractures, my colleagues and I asked 
129 shoulder surgeons to define fracture healing. 
Eighty-nine percent agreed on the definition of 
mineralized callus circumferentially around the 
fracture on at least two orthogonal radiographs or 
CT scans. Delayed union was defined as occur-
ring at 3 months in the absence of bridging callus 
on at least one of four cortices on two orthogonal 
radiographs or CT scans. Nonunion was defined 
as an absence of callus on more than two cortices 
after 6 months [5]. The definitions must be vali-
dated for clinical and scientific purposes.

1.11	� Complication

Validated complication terms are necessary if we 
are to improve patient safety and to balance ben-
efits and harms in clinical decision-making—but 
the literature on shoulder fractures offers us a 
poor definition of a term as common as complica-
tion itself. Complication, event, adverse event, 
unfavorable event, harm, and failure are used 
interchangeably, usually without further specifi-
cation. Chap. 15 discusses the implications of 
poorly defined complication terms in the scien-
tific literature and proposes a standardized report-
ing guideline. A consensus-based list of 
standardized event terms is available [6].

1.12	� Elderly or Old?

Most studies on shoulder fractures define and 
report the study population according to chrono-
logical age. Substantial differences in age limits 
can be found in the orthopedic literature, with 
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95% of orthopedic studies using chronological 
age as the only definition of the population [7]. 
The age limit for classification as elderly varies 
between 50 and 80 years in orthopedic studies, 
with 65 being the most common cutoff value. 
Age contributes to fracture risk independent of 
osteoporosis [8]. In low-energy shoulder frac-
tures, age and sex serve as proxies for osteoporo-
sis. But it is challenging to compare results 
between clinical studies if age limits differ. In 
randomized trials on shoulder fractures, the lower 
age limit varies from 18 [9] to 80  years [10]. 
Most studies include only patients aged 60 or 
above, while evidence-based recommendations 
in younger populations are lacking. The United 
Nations defines individuals as elderly if they are 
65 or older. The limit reflects life expectancy and 
socioeconomic factors [11]. In Africa, a person is 
defined as elderly if they are 50 years or older. In 
this book, a person is considered elderly at 
60 years.

Some people find the term elderly disrespect-
ful, while others consider it more polite than old. 
The sources cited in this book inconsistently use 
both terms. As a result, both terms will be found 
in text, citations, and references. I hope not to 
offend any readers using either term.

1.13	� Frailty, Sarcopenia, 
and History of Falls

It is essential to consider factors other than age 
and osteoporosis in relation to the healing of 
injury and patient recovery. There is an overlap in 
the biology of osteoporosis, frailty, sarcopenia, 
and the geriatric syndrome of falls. A frail pheno-
type has been described, consisting of (1) weight 
loss, (2) exhaustion, (3) low energy expenditure, 
(4) slow gait speed, and (5) weak grip strength 
[12]. Several frailty scoring systems and interpre-
tations are in clinical and scientific use. While 
these may be important determinants for patient 
outcome after shoulder fractures, validation in 
this specific fracture population is required. 
Systemic sarcopenia and a history of falls are 
other important prognostic factors. Muscular 

functionality is age-dependent. The condition of 
the deep and superficial muscles acting on the 
shoulder joint is an important determinant of 
rehabilitation potential. Geriatric designates 
medical care for older people, aged 65 years and 
over. Among individuals of this age living in the 
community, about a third suffer a fall within a 
year. The rate increases to half of individuals aged 
80 and above [13]. Fall risk is a better predictor of 
fragility fractures than osteoporosis, and fall 
assessment is indicated after shoulder fractures in 
older people [14]. A prospective cohort study 
found that kinesiophobia—the fear of move-
ment—after a week post-injury was the strongest 
predictor of limitations after 6 months [15].

1.14	� Perspectives

The use of vague or poorly defined terms poses a 
challenge for clinical practice and research. In 
this chapter, I have briefly discussed some of the 
terms commonly causing confusion. I recom-
mend the use of the following descriptive terms 
for fracture morphology: the four anatomical 
parts or segments defined according to Codman; 
displacement defined according to Neer; and dis-
location reserved for injuries including joint dis-
location. Complexity should be restricted to the 
description of Codman’s four parts, and the 
notion of subluxation can be omitted. The terms 
type, group, and subgroup should be used within 
the AO classification, while parts, segments, and 
categories should be used in the Neer classifica-
tion. Radiology-based assessment of fracture 
healing in older people with shoulder fractures is 
secondary to patient history, clinical examina-
tion, and the patient’s treatment preferences. 
Radiology should not be used as the sole indica-
tion for surgery as malunion and nonunion seem 
to be surprisingly well tolerated. When defining 
the aging fracture population, age and sex can 
serve as proxies for osteoporosis. Other impor-
tant predictive factors include a history of falls, 
kinesiophobia, sarcopenia, and frailty. The frac-
ture population will be more thoroughly charac-
terized in the next chapter.
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2The Epidemiology of Shoulder 
Fractures

2.1	� Introduction

Within the European Union (EU-27), the popula-
tion of people aged 65 years or more is expected 
to increase from 90.5 million at the start of 2019 
to 129.8 million by 2050. During this period, the 
number of people aged 75–84 is projected to 
expand by 56.1%, while those aged 65–74 are 
projected to increase by 16.6% [1]. National dif-
ferences in demography exist even within the 
EU. It has further been estimated that 9 million 
osteoporotic fractures were sustained globally in 
the year 2000 (in men and women aged 50 or 
above), with more than 700,000 involving the 
humerus; of these, 250,000 were in Europe [2].

Shoulder fractures are common injuries, espe-
cially in elderly people. In the most cited epide-
miological studies from the last century, shoulder 
fractures account for 4–6% of all fractures [3, 4]. 
More than 70% are seen in women, and the frac-
ture is closely related to osteoporosis [5].

Increased mortality after shoulder fractures 
was found in a Swedish population, with a 
median survival of 9 years reported compared to 
12 years in a matched population without a shoul-
der fracture. The lifetime risk of suffering a prox-
imal humerus fracture in a female aged 50 years 
was 13% [5]. In the group aged 65 or above, 94% 
of the fractures were related to falls from stand-
ing height [6].

2.2	� Incidence

Valid estimates of epidemiological measures are 
contingent on valid registration. Data should be 
reported from all treating institutions (coverage), 
and all data should be reported (completeness). 
Further, it is important to validate that fracture 
coding accurately represents the relevant fracture 
(positive predictive value) [7]. Unique identifica-
tion of patients is a prerequisite for linking data-
bases. Incidence rates, defined as the number of 
shoulder fractures per 100,000 persons per year, 
can be calculated based on discharge diagnosis 
and population statistics. The reported incidences 
may differ according to the definition of the frac-
ture population, the background population, and 
the period under study.

A Finnish study of 79,676 shoulder fractures 
reported an incidence of 105 per 100,000 person-
years in a population aged 16 or above in the 
years 1997–2019 [8]. Among those aged 80 and 
over, the incidence was 405 per 100,000 person-
years. An increase in incidence throughout the 
study period was reported. In Finland, a threefold 
increase in incidence between 1970 and 2002 has 
been reported [9], but the incidence seems to 
have stabilized [10]. Following the increasing 
aging population, the absolute number of frac-
tures may still increase despite a stable incidence. 
A study of a fracture population from Scotland 
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(n  =  4786) collected over 2  years reported an 
incidence of 392 per 100,000 person-years in 
females aged 65 or above. In females aged 80 and 
above, the incidence was 520 per 100,000 person-
years [11]. In a Danish study of 137,436 cases 
from the national patient registry between 1996 
and 2018, my colleagues and I found an overall 
incidence rate of 138 per 100,000 person-years in 
persons aged 18 or above [12]. In females aged 
60  years or above, the incidence was 500 per 
100,000 person-years. The incidence remained 
stable throughout the period.

National differences in reported incidences 
can partly be attributed to variations in defini-
tions of the fracture population and the quality of 
discharge data. The Danish study used discharge 
data for reimbursement, with high completeness 
and nationwide coverage [13]. To confirm the 
accuracy of the diagnosis, my colleagues and I 
reviewed medical charts. We found the positive 
predictive value for the diagnosis of proximal 
humerus fractures to be 91% [7].

2.3	� Prevalence Matters

What is the prevalence of shoulder fractures? 
How many people are affected by them at a given 
time point? Prevalence may refer to the number 
of new cases within a defined period, but the 
number of symptomatic cases in the population is 
unknown. While some patients may recover fully 
and regain shoulder function within 6 weeks, oth-
ers may experience complications from their 
fracture or treatment that can last for years. 
Patient-reported outcome data are needed to 
characterize the affected fracture population—
but such data are generally available only through 
a few arthroplasty registries. I have argued that 
the accuracy of our assumptions about preva-
lence directly impacts the quality of our clinical 
decisions [14]. When we hear hoofbeats, it is 
knowledge of prevalence that allows us to assess 
whether we can expect to meet a horse or a zebra. 
We adapt our choices to the evidence we have, 
and if the available epidemiological data are mis-
leading, cognitive bias may arise.

When treating shoulder fractures, one of the 
critical factors to consider is whether the fracture 
is displaced. This binary distinction guides our 
treatment choices and helps us make prognostic 
assessments. Orthopedic surgeons generally 
agree that minimally displaced fractures should 
not be operated on. In his iconic 1970 paper, 
Charles Neer (1917–2011) defined a fracture as 
displaced if two or more of the four anatomical 
parts of the proximal humerus are displaced at 
least 1 cm or angled at least 45° [15]. Applying 
this simple binary distinction has implications for 
the validity of the classification items. In an 
observer study, my colleagues and I reported a 
mean kappa value for interobserver agreement of 
0.41 in identifying displacement [16]. This indi-
cates that the level of agreement between observ-
ers is closer to chance than to complete agreement. 
Observer variation remains challenging for 
imaging-based classification systems and will be 
discussed in Part III.

Any statement concerning the prevalence of 
displaced fractures is specific to a population. 
The underlying population characteristics should 
be known. In the half-century since Charles Neer 
stated that “this group [minimally displaced 
fractures] constitutes over 85 percent of proxi-
mal humeral fractures” [15], the consensus in the 
orthopedic literature followed that 85% of all 
proximal humerus fractures were minimally dis-
placed and could be treated without surgery. 
Neer’s statement has two implications. First, we 
would expect displaced fractures to be rare 
occurrences; second, if a displaced fracture is 
identified, we will tend to approach it surgically. 
In this section, I will explore the origins of 
Neer’s assertion to explain why it is misleading 
and how it can affect the quality of clinical 
decision-making.

Charles Neer wrote his seminal works while 
affiliated with Columbia-Presbyterian Medical 
Center, New York. Between 1953 and 1967, he 
followed up 300 patients with displaced shoulder 
fractures. The mean age of his cohort was 
10 years lower than that in later studies (Table 2.1) 
[17]. All patients were treated under anesthesia. 
Despite this, the claim that 85% of fractures have 
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Table 2.1  The prevalence of minimally displaced frac-
tures in five fracture populations

Study
Fractures 
(n)

Minimally 
displaced 
fractures (%)

Age (mean 
and range)

Neer 
(1970) [15]

300 85 56 (22–89)

Court-
Brown 
(2001) [18]

1027 49 66 (13–98)

Tamai 
(2009) [19]

509 36 65 (18–95)

Roux 
(2012) [20]

329 43 70 (16–97)

Bahrs 
(2014) [21]

815 14 66 (19–99)

been minimally displaced has remained unques-
tioned for the last 50 years. The only reference 
used in support of Neer’s statement was a single 
study that included pediatric fractures but did not 
provide any details about the fracture morphology. 
Since then, other epidemiological studies have 
been unable to confirm Neer’s findings.

Since 1970, Neer’s authoritative statement has 
been repeated in numerous scholarly papers and 
orthopedic textbooks. This may have led to clini-
cians underestimating the number of displaced 
fractures they encounter in their clinics when 
expecting to find only 15%. Furthermore, if dis-
placement is used as the sole indication for sur-
gery, many patients may undergo unnecessary 
surgical procedures.

2.4	� National Trends in Surgical 
Treatment

The optimal surgery rate in patients with shoul-
der fractures is not known. It cannot be deter-
mined without including the patient’s values and 
preferences. Radiographically based treatment 
plans assigning an implant to a fracture pattern 
may appeal to surgeons. However, fixing the frac-
ture or replacing the joint cannot be expected to 
add value unless aligned with the best available 
evidence and patient preferences. Surgeons’ pref-
erences for surgery and surgical implants change 
over time. A diverse body of papers has reported 
the proportion of surgical treatment performed 

on patients with shoulder fractures and temporal 
changes. They are briefly reviewed below.

A national study from Germany reported a 
39% increase in surgery between 2007 and 2016 
[22]. Osteosynthesis was preferred in 72% of the 
surgeries. In 2016, 35,000 surgeries were per-
formed in Germany, with a locking plate being 
the preferred implant. A more recent study from 
Germany analyzed billing data from a health 
insurance company between 2005 and 2021 and 
found 81,909 cases of shoulder fractures in indi-
viduals aged 65 and older. Of these cases, 46% 
were treated surgically. The study also noted a 
steep increase in the utilization of reverse shoul-
der arthroplasties over the years, with fewer com-
plications reported, prompting a recommendation 
for broader implementation of reverse shoulder 
arthroplasties [23].

In the Swedish population, the proportion of 
surgically treated females increased from 12% in 
2001 to 17% in 2012 [24]. In South Korea, the 
surgery rate increased from 25% to 37% between 
2008 and 2016 [25]. The preference for locking 
plates rose from 72% to 82% in the same period. 
The percentage of those surgically treated in the 
United States has been reported to increase from 
35% in 2004 to 41% in 2012 [26]. Substantial 
differences in surgery rates between states and 
centers can be found.

In the Danish population, my colleagues and I 
found that 87% of all shoulder fractures were 
treated non-surgically between 1996 and 2018. 
The surgery rate increased to 17% in 2013 and 
gradually declined to 11% in 2018. In patients 
aged 60 or above, the surgery rate declined from 
17% in 2013 to 10% in 2018 [12]. Among the 
surgically treated cases, 42% received a locking 
plate; 34% received a hemiarthroplasty or a 
reverse arthroplasty, and 25% were treated with 
other surgical methods. In patients aged 60 or 
above, locking plates were used in half of the 
cases. The use of hemiarthroplasty declined 
while reverse arthroplasty increased. A similar 
trend can be found in the Finnish population [27]. 
The incidence of surgery rose from 5.1 to 
19.6/100,000 person-years between 1987 and 
2016. From 2002, osteosynthesis became increas-
ingly popular, with a more than threefold increase 
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in the incidence. In 2019, the overall incidence of 
surgery had fallen to 13/100,000 person-years, 
primarily driven by a decrease in  locking plate 
osteosynthesis [8]. Trends of decreasing surgical 
activity have been reported in Australia. Operative 
treatment decreased from 33% in 2008 to 23% in 
2017 [28]. Among the operatively treated, the 
locking plate rate slightly decreased, while 
reverse arthroplasty steeply increased at the cost 
of hemiarthroplasty.

The reasons behind the increasing use of lock-
ing plates and reverse arthroplasties are unclear 
and cannot be derived from epidemiological 
studies. However, some factors can be suggested 
as possible contributors. Local or national reim-
bursement practices may encourage surgical 
treatment strategies, for instance. Some surgeons 
may be worried about budgeting for their clinics 
and securing their income, while the influence of 
implant industry promotions on surgeon behavior 
cannot be overlooked. National traditions—the 
widespread use of osteosynthesis in German-
speaking countries, for example—are also 
reflected in the surgery rates. Other factors may 
include a strong belief in biomechanical reason-
ing, passed-down practice, or limited access to 
high-quality evidence. A different case mix may 
also explain differences in surgery rates. Despite 
a lack of supporting clinical evidence, surgical 
activity continues to increase in many countries.

2.5	� Registry-Based Data

National and international healthcare databases 
and registries provide valuable data on patients 
treated with joint replacement. Unfortunately, 
patients treated with head-preserving techniques 
or without surgery are usually not followed up 
systematically. National fracture registries are 
rare; only a few collect patient-reported outcome 
data [29]. The number of shoulder arthroplasty 
registries is increasing, but patient-reported out-
comes are rarely recorded. Instead, implant sur-
vival rates are used as an indicator of treatment 
success. In a Nordic dataset covering 6756 frac-
ture prostheses, my colleagues and I found a sat-
isfactory low revision rate of 4% [30]. However, 

this is not very informative for the outcome in the 
remaining 96% of the patients.

The absence of revision is a poor proxy for 
treatment success. Revision surgery can be a 
relief for a patient with a painful prosthesis. 
Conversely, if revision surgery is not performed, 
it can have unbearable consequences for the 
patient. Revision rates reflect surgeons’ willing-
ness to perform revisions. Surgeons may avoid 
revising clinical failures or cases that require 
demanding surgery. To better understand patient 
outcome, it is necessary to obtain patient-reported 
data. It has proven difficult to obtain satisfactory 
completeness for patient questionnaires. In a 
study based on the Danish Shoulder Arthroplasty 
Registry, my colleagues and I obtained a com-
pleteness of about 60% [31]. The rate of revision 
was 4%. However, when using a patient-reported 
questionnaire (WOOS) to study patient-reported 
shoulder function, we found that 25% of patients 
had less than half of their shoulder function 
remaining. In 11% of patients, the Western 
Ontario Osteoarthritis of the Shoulder Index 
(WOOS) score was below 30% of a full shoulder 
function.

2.6	� Osteoporosis

Bone quality is a crucial factor in shoulder frac-
tures. Independent risk factors for shoulder frac-
tures include bone mineral density and previous 
fractures [6]. In preliminary data from my clinic, 
in a series of 300 patients aged 50 or older who 
experienced a low-energy shoulder fracture, we 
found that 40% had manifest osteoporosis, 
defined as a T-score below −2.5 according to 
dual-energy X-ray absorptiometry (DEXA). An 
additional 39% had varying degrees of osteope-
nia, defined as a T-value between −2.5 and −1. 
The remaining 21% had a normal bone mineral 
density.

Although these numbers may be comparable 
with a matched background population, they 
have important clinical implications for patients, 
healthcare providers, and society. The risk of a 
subsequent fragility fracture is considerably 
higher after a shoulder fracture, particularly 
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Fig. 2.1  The risk of a 
second major 
osteoporotic fracture 
(95% CI) after the index 
fracture in women aged 
75. The risk is very high 
immediately after the 
index fracture and 
remains higher than in 
the background 
population. The dashed 
line represents the risk 
of suffering the first 
major osteoporotic 
fracture in the 
background population 
[36]. (With permission 
from Springer Nature)

within the first 2  years. This imminent fracture 
risk highlights the importance of identifying 
osteoporosis in older people with low-energy 
shoulder fractures (Fig. 2.1) [32]. The imminent 
fracture risk estimates the increased risk of a 
second major osteoporotic fracture after the 
index fracture. This is the rationale behind 
Fracture Liaison Service [33], which seeks to 
assess fracture risk in patients who have suffered 
a fragility fracture and to provide medical treat-
ment if needed. I have argued that a treatment gap 
currently exists in secondary fracture prevention 
after shoulder fractures [34, 35]. If fracture care 
providers had a stronger interest in secondary 
prevention, many fragility fractures, including 
hip fractures, could be prevented. This would 
benefit patients and society.

A typical fracture career in an osteoporotic 
female may include a wrist fracture at the age of 
61, a shoulder fracture at the age of 69, and a hip 
fracture at the age of 81 [37]. Fragility fractures 
of the lumbar spine are underdiagnosed, and their 
onset and prevalence are not fully known. When 
an elderly patient experiences a shoulder frac-
ture, the prevention of further fractures becomes 
crucial. Even though the patient may recover 
from the shoulder fracture, there remains a risk of 
a devastating hip fracture. In a female population 

aged 65 or above, the risk of a subsequent hip 
fracture was increased more than five times in the 
first year after a shoulder fracture [38]. A 
Medicare-based study of a female population 
aged 65 or above reported a 15.7% (95% CI 
15.2–16.2) refracture rate within 2 years after a 
proximal humerus fracture. After 5  years, the 
cumulated refracture rate rose to 31.8% (95% CI 
28.8–34.8) [39].

Most orthopedic surgeons agree that prevent-
ing secondary fractures after a hip fracture is 
important. This involves managing osteoporosis 
and preventing falls. However, not all elderly 
individuals who suffer from shoulder fractures 
receive the same level of attention. They are often 
treated with varying protocols by different doc-
tors in outpatient clinics. It is unknown how 
many older people with shoulder fractures do not 
receive osteoporosis checkups. In a Danish hip 
fracture population, 28% of patients reported 
having at least one fragility fracture in the previ-
ous decade. Wrist and shoulder fractures 
accounted for 70% of these fractures [40].

Extensive literature exists on assessing local 
bone quality at the proximal humerus. 
Surprisingly, these studies aim to predict screw 
purchases for operative fixation of the fractures, 
not the prevention of hip fractures. This situa-

2.6  Osteoporosis



16

tion is unfortunate for two reasons. First, it 
shifts the focus away from secondary fracture 
prevention. Second, it promotes unnecessary 
surgical practices. As a result, patients may 
undergo unnecessary osteosynthesis while 
remaining at a substantial risk of a potentially 
preventable hip fracture. Surrogate measures for 
assessing the local bone quality of the proximal 
humerus have become popular to aid in preop-
erative planning. The Tingart measure [41] and 
the deltoid tuberosity index [42] can be deter-
mined from cortical thickness and calculated 
from plain radiographs. Local assessment may 
even be preferred to the evaluation of the axial 
skeleton as DEXA examination of the central 
skeleton may poorly reflect the bone quality of 
the proximal humerus [43].

2.7	� Perspectives

The review reveals substantial national and 
regional differences in surgery rates. While the 
ideal surgery rate for shoulder fractures in older 
people cannot be derived from epidemiological 
data, a rough estimate can be made based on 
results from randomized trials. Randomized tri-
als have been unable to demonstrate the superior-
ity of surgery in two-, three-, and four-part 
fractures in older people. A comprehensive epi-
demiological study that categorized fractures 
using the Neer and AO classification systems 
found that 49% of fractures were displaced [18]. 
Most surgeons agree that minimally displaced 
fractures should be treated non-surgically. If we 
follow the evidence and treat two-part surgical 
neck fractures (28%), three-part greater tuberos-
ity fractures (9%), and four-part fractures (2%) 
without surgery, about 12% is left for surgical 
consideration. This may represent an upper limit 
for surgery. Among the remaining displaced frac-
ture patterns not covered by randomized trials, 
some older people with isolated tuberosity frac-
tures may be treated non-surgically, while some 
younger patients may be treated surgically.

The high refracture rates after shoulder frac-
tures in older people are a major concern for 
patients, the healthcare system, and society. 

Orthopedic surgeons have historically prioritized 
surgical interventions at the proximal humerus 
rather than secondary fracture prevention. The 
number of preventable hip fractures suffered 
remains unknown. In this chapter, I have argued 
that evaluating the bone mineral density of the 
axial skeleton is essential after shoulder fractures 
in older people, regardless of the type of fracture 
or the treatment provided [35].
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3The Morphology of Shoulder 
Fractures: An Iconography

3.1	� Introduction

The morphology of a displaced proximal humerus 
fracture reflects the deforming forces acting on 
the fracture parts. The forces acting on a surgical 
neck fracture differ from those affecting tuberos-
ity fractures. A radiograph or CT scan of the frac-
ture anatomy shows the state of the soft tissue but 
is often interpreted as a bone problem only. The 
key to understanding displaced shoulder frac-
tures lies in the delicate balance between the 
superficial and deep muscles surrounding the 
shoulder. Rational treatment strategies require an 
understanding of soft tissue pathology, whether 
approached surgically or non-surgically. In older 
people, rehabilitation can be challenging due to 
concurrent degenerative or acute rotator cuff 
tears, sarcopenia, osteoarthritis, and glenohu-
meral joint stiffness.

The dynamic understanding of the biome-
chanics of the shoulder is not new. In the Italian 
Renaissance, Leonardo da Vinci’s anatomic 
sketches of about 1510 demonstrate a profound 
understanding of the muscles involved in shoul-
der movement [1]. After dissecting the deep mus-
cles of the human shoulder, Leonardo added wire 
diagrams to explain the insertions and forces act-
ing on the humeral head, creating precise surface 
anatomy drawings. From a superior view of the 
scapula, he was able to visualize the deep muscle 
on the anterior side (m. subscapularis) together 

with deep muscles on the posterior side (mm. 
supraspinatus, infraspinatus, and teres minor) 
(Fig. 4.4).

More recently, Ernest Codman (1869–1940), 
a surgeon who contributed substantially to the 
biomechanical understanding of the shoulder and 
fracture morphology, proposed a soft tissue 
approach to shoulder pathology. Codman focused 
on the subacromial bursa and the internal rota-
tors, later known as the rotator cuff. Codman’s 
four-part approach to shoulder fractures formed 
the basis of the Neer classification (Chap. 9). 
Codman, who was also one of the pioneers of 
skeletal radiology in the late nineteenth century 
(Chap. 7), surprisingly regarded the fracture pat-
tern as a soft tissue pathology with bony 
involvement.

3.2	� Patterns of Displacement

Shoulder fractures can be displaced due to mus-
cular forces acting on the four anatomical parts. 
The displacements seen in radiographs represent 
a continuum rather than distinct categories. When 
we define fractures as displaced or minimally dis-
placed, we create arbitrary cutoffs in this range of 
displacements and turn them into binary catego-
ries. This cognitive process is discussed in more 
detail in Chap. 8. The proximal humerus has sev-
eral axes of displacement. Fracture patterns differ 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93604-3_3&domain=pdf
https://doi.org/10.1007/978-3-031-93604-3_3#DOI
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m. supraspinatus

m. deltoideus

m. infraspinatus

m. teres minor

m.
subscapularis

m.
pectoralis

major

Fig. 3.1  The muscular forces acting on the proximal humerus. Left shoulder, anterior, and posterior view

between humeral neck fractures and tuberosity 
fractures. All deforming forces are combined in 
fractures involving both the humeral neck and the 
tuberosities.

Figure 3.1 illustrates the external forces act-
ing on the proximal humerus. The pectoralis 
major muscle pulls the humeral shaft medially 
and anteriorly, while the supraspinatus muscle 
pulls the greater tuberosity toward the subacro-
mial space. The subscapularis muscle pulls the 
lesser tuberosity medially, while the infraspi-
natus, teres minor, and supraspinatus muscles 
tend to draw the greater tuberosity posteriorly. 
Lastly, the deltoideus muscle tends to pull the 
humeral shaft superiorly. Closed reduction of 
displaced shoulder fractures is rarely success-
ful due to the multiple muscular forces. This 
also explains why immobilizing displaced 
shoulder fractures by bandaging the shoulder 
and upper arm has been unsuccessful for cen-
turies (Chap. 6).

3.3	� Anatomical Neck Fractures

Fractures of the humeral neck in adults can occur 
between the articular part of the proximal 
humerus and at the tuberosities (anatomical 
neck) or between the anatomical neck and the 
lower bound of the proximal humerus (surgical 
neck). Fractures of the anatomical neck are intra-
capsular but often associated with fractures of the 
tuberosities.

Anatomical neck fractures are often consid-
ered severe due to limited blood supply from the 
anterior and posterior circumflex arteries. Arcuate 
arteries from the circumflex arteries may cross 
the fracture lines, and lesions may compromise 
the nutrition of the articular part. Anatomical 
neck fractures, although rare, have been known 
and described since antiquity. When the articular 
surface completely slips, it has a poor potential 
for healing. However, slightly displaced lesions 
may have good healing potential (Fig. 3.2).
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Fig. 3.2  Slightly displaced anatomical neck fracture. 
Radiographs at admission and 6  months. Photos at 
6  months. The patient was pain-free after 3  months. 

Comparable fracture pattern from Theodor Kocher [2]. 
(With permission from Wellcome Collection)

3.4	� Translated Surgical Neck 
Fractures

The surgical neck fracture is the most common 
displaced fracture pattern of the proximal 
humerus, comprising 28% of all proximal 
humeral fractures and more than half of displaced 
fractures [3]. Surgical neck fractures are extra-
capsular and can be categorized into two main 
types: translated and impacted.

Albert Hoffa’s illustration in Fig.  3.3 shows 
the deforming forces and the surface anatomy 
alterations in a medially translated surgical neck 
fracture. The pectoralis major muscle pulls the 
humeral shaft medially and anteriorly, while the 
deltoid muscle pulls the shaft superiorly and 
rotates the shaft fragment. In the drawing, the 
lower part illustrates the typical surface anatomy. 
It includes the concavity formed by the medial 
translation of the humeral shaft, which may be 
mistakenly identified as a shoulder dislocation. 
The rotator cuff has a limited role in the displace-
ment of these fractures.

The medial and anterior displacement of the 
humeral shaft can be described as a continuum 

of displacement ranging from slight displace-
ment (Fig. 3.4) to no contact between the head 
and shaft (Fig.  3.5). Poor alignment and mal-
union after a fracture do not necessarily indicate 
a poor outcome for the patient [4]. Even marked 
malunion seems well tolerated in older people 
[5], and no correlation between final radio-
graphic alignment and patient outcome has been 
reported. Attempts to restore the anatomy have 
yet to be demonstrated as being superior to natu-
ral healing, regardless of the degree of displace-
ment [6, 7].

The pectoralis major muscle can cause sub-
stantial anterior displacement of the humeral 
shaft, which may require surgical intervention. In 
addition, the superior pull from the deltoid mus-
cle can cause the shaft fragment to penetrate the 
skin, resulting in a need for acute surgery 
(Fig.  3.6). However, despite persistent angular 
deformity, most patients with anterior displace-
ment of the humeral shaft can achieve healing 
and good shoulder function without surgery. In 
thin individuals, the upper end of the shaft can be 
felt through the skin.

3.4  Translated Surgical Neck Fractures
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Fig. 3.4  A slightly medially translated surgical neck 
fracture. The displacement was remodeled, and the patient 
regained pre-injury shoulder function. Radiographs at 
admission and 6  months. Clinical photo at 6  months. 

Engraving of a comparable fracture pattern from Joseph-
François Malgaigne [9]. (With permission from Wellcome 
Collection)

Fig. 3.3  The surface 
anatomy and the 
deforming muscular 
forces acting on a 
medially translated 
surgical neck fracture. 
Illustration from Albert 
Hoffa [8]. (With 
permission from 
Wellcome Collection. 
Clinical photo of a 
comparable fracture 
pattern)

In Fig. 3.7, a severe anterior and medial dis-
placement in a surgical neck fracture is illus-
trated. The humeral shaft is protruding under the 
skin. The patient was admitted 6 weeks after the 
injury. The three-dimensional CT reconstruction 
reveals early signs of callus bridging. The patient 
was treated operatively with a hemiarthroplasty 
to protect the skin and the neurovascular struc-

tures. A humeral mega-head was chosen to 
ensure maximum stability in a noncompliant 
patient.

Occasionally, lateral displacement of the 
humerus shaft occurs. The skin can be threatened 
by perforation from the proximal part of the 
humeral shaft. A partial resection of the shaft can 
be performed as a salvage procedure (Fig. 3.8).
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Fig. 3.5  A surgical neck fracture without bony contact in 
an 82-year-old osteoporotic female. After 3  months, a 
massive lateral bone bridge was formed, and the head and 

shaft were better realigned on both views. The patient 
regained pre-injury shoulder function. Radiographs at 
admission and 6 months. Clinical photos at 6 months

Fig. 3.6  Anterior 
displacement with bony 
prominence of the 
humeral shaft under the 
skin. Illustration from 
Benjamin Anger (left) 
[10] and Theodor 
Kocher [2]. (With 
permission from 
Wellcome Collection. 
Clinical photo of a 
comparable pattern of 
displacement)

3.4  Translated Surgical Neck Fractures
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Fig. 3.7  Protrusion of the proximal end of the humeral shaft under the skin in a 76-year-old nursing home resident 
suffering severe dementia. Clinical photo, three-dimensional CT scan, and postoperative radiograph at 6 weeks

Fig. 3.8  Surgical neck fracture with lateralization of the 
humeral shaft. Drawing from Benjamin Anger [10]. (With 
permission from Wellcome Collection. Clinical photo of a 

terminally ill patient. The proximal end of the humeral 
shaft was removed for pain relief and skin protection. Pre- 
and postoperative radiographs)

Most older people with shoulder fractures are 
likely to have decreased bone mineral density, 
which may cause some degree of humeral head 
collapse, whether or not attempts are made to 
reconstruct the anatomy. If the greater tuberosity 
remains attached to the humeral head, proximal 

fractures tend to rotate into a varus deformity 
while being impacted into the shaft (Fig. 3.9). The 
greater tuberosity, still attached to the articular 
part, will point toward the acromion. Formation 
and consolidation of a lateral bone bridge allevi-
ates pain and improves shoulder function.
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Fig. 3.9  Surgical neck fracture in a 77-year-old female. 
Radiographs were taken at admission and 4 months after 
injury. Photo at 4  months. During rehabilitation, the 
humeral head became better centered. The morphology is 

comparable to Robert William Smith’s specimen [11]. 
Note the endosteal callus formation. (With permission 
from Wellcome Collection)

Fig. 3.10  Secondary varus collapse of a surgical neck 
fracture in a 73-year-old male. Radiographs at admission 
and 6  months. Clinical photo at 6  months. Comparable 
pathoanatomical specimen from Robert William 

Smith [11]. A stabilizing lateral bone bridge and endosteal 
callus were formed. (With permission from Wellcome 
Collection)

3.5	� Impacted Surgical Neck 
Fractures

Surgical neck fractures occurring in osteopo-
rotic bone frequently lead to the collapse of the 
medial cortex, resulting in the displacement of 
the humeral head into varus. This displacement 
can occur during or within the first weeks after 

the injury. This is the expected course of dis-
placement in osteoporotic bone. Suppose the 
natural healing process is not disturbed. In that 
case, the pain usually declines; the fracture 
complex settles, and a lateral bone bridge is 
formed (Fig.  3.10). Inevitably, these patients 
have varying degrees of radiographic 
malunion.

3.5  Impacted Surgical Neck Fractures
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Robert William Smith described in detail the 
natural healing process of a surgical neck fracture 
with varus collapse, illustrating it in an engraving 
from 1847 (Fig. 3.10). The figure shows a cross-
sectional view of a healed two-part surgical neck 
fracture with varus impaction of the humeral 
head. Smith’s pathological description is still 
remarkably fresh today:

The inner and posterior portion of the head of the 
humerus has been driven downwards, and the com-
pact tissue lining the concavity of the neck of the 
bone has penetrated the reticular structure of the 

head to the distance of half an inch, and here con-
solidation has taken place by the direct union of the 
surfaces opposed to one another… [11] (p. 187)

In patients with surgical neck fractures and 
low bone mineral density, humeral head col-
lapse with central impaction can be seen 
(Fig.  3.11). The deltoid muscle pulls the shaft 
toward the articular part of the humeral head. 
The cancellous bone provides limited resis-
tance; most of the humeral head can be exca-
vated in severe cases.

Fig. 3.11  Central impaction of the humeral shaft into an osteoporotic humeral head in a 78-year-old female. 
Radiographs at 2 weeks and 6 months. Photos at 6 months
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3.6	� Tuberosity Fractures

Tuberosity fractures can occur alone or in combi-
nation with humeral neck fractures. In cases 
where tuberosity fractures occur alone, they can 
be considered a total rotator cuff tear accompa-
nied by a bony fragment. This fracture type is 
more common in younger individuals than com-
bined fracture patterns. Regardless of the treat-
ment approach, regaining rotator cuff function 
and integrity is vital for restoring functionality.

Numerous efforts have been made to recon-
struct the anatomy of the greater tuberosity as 
viewed from an anterior-posterior radiograph. 
The indication for surgery in older people is often 
to restore the anatomy and function or to prevent 
subacromial impingement. However, results from 
rotator cuff repair in younger patients cannot be 
applied to an elderly fracture population. First, 
procedures involving anchors, cerclage, sutures, 
screws, and plates may not be successful in older 
people with poor bone and tendon quality. 
Second, there is an increased risk of an inferior 
outcome in cases of later replacement surgery 
[12, 13]. Third, subacromial pain cannot be pre-
dicted from radiographic appearance. The sub-
acromial space is quite broad, and the humeral 
head rotates during abduction. A narrow acro-
mion-humeral distance does not necessarily mir-
ror the patient’s pain level or function. 
Subacromial impingement remains a clinical 
diagnosis (Fig. 3.15).

In younger patients with good bone stock, 
osteosynthesis restoring the greater tuberosity 
can be an option. It is important to note that 
before surgery can be considered, the horizontal 
deforming forces acting on the tuberosities 
should be considered, regardless of the patient’s 
age and bone quality (Fig. 3.1). The most func-
tionally important displacement of the greater 
tuberosity is posterior. Biomechanical studies on 
internal fixation implants tend to focus on axial 
forces (Chap. 13). Successful tuberosity 
ingrowth, with or without surgery, is crucial for 
maintaining shoulder function. In cases where 
tuberosity ingrowth to an implant is not success-
ful, patients can expect poor shoulder function. If 
tuberosity fixation and healing to a reverse arthro-

plasty are not obtained, limited or absent rota-
tional motion can be expected.

3.7	� Fractures of the Humeral 
Neck and the Greater 
Tuberosity

Two typical morphological patterns can be 
described. The shaft can be medially and anteri-
orly translated as in two-part fractures, or the 
articular part of the humeral head can be impacted 
in valgus position (Fig. 3.12). Translation of the 
humeral shaft follows the biomechanics described 
for two-part fractures. There are different direc-
tions of greater tuberosity displacement, with 
posterior displacement being the most important 
from a clinical perspective. Internal and external 
rotation of the arm is essential for daily activities 
such as washing hair, putting on a bra, and using 
the toilet.

Valgus-impacted fractures are tempting to 
reconstruct surgically because the anatomy can 
often be restored. However, fixing the bones in 
place does not always result in a good outcome, 
especially in older people. Bone loss of the 
humeral head is common, regardless of the treat-
ment provided, and it may lead to failure of 
reconstructive procedures. Although many altera-
tions of locking plates with augmentations, addi-
tional stabilizing implants, and fibular struts have 
been proposed, they have not been demonstrated 
to be superior to non-surgical treatment (Chap. 
13). Valgus-impacted fractures have an excellent 
healing potential even without surgery and can 
lead to a good patient-reported outcome despite 
malunion. Surgical and non-surgical manage-
ment share the clinical importance of tuberosity 
healing.

In fractures with the lesser tuberosity still 
attached to the humeral head, the subscapular 
muscle can cause substantial displacement. 
Reducing and stabilizing the fracture can be 
challenging, especially in osteoporotic bone. 
Non-surgical treatment is an option, even in 
fractures with considerable displacement 
(Fig. 3.13).
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Fig. 3.12  Valgus-impacted humeral neck and greater 
tuberosity fracture in a 76-year-old female. The initial dis-
placement healed in situ, and pain-free shoulder function 

was obtained. Radiographs at admission and 6  months. 
Clinical photos at 6 months
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Fig. 3.13  Severely displaced fracture of the humeral 
neck and greater tuberosity in an 80-year-old female. The 
shaft was anteriorly translated. The articular part of the 
humeral head was rotated and displaced posteriorly. The 

fracture healed with partial collapse of the humeral head 
and a massive posterior bone bridge. Radiographs and 
three-dimensional CT reconstruction at admission. 
Radiographs and clinical photos at 6 months

3.8	� Fractures of the Humeral 
Neck and Both Tuberosities

Fractures that affect the tuberosities, the shaft, 
and the articular part of the humeral head can 
range from minimally displaced fractures to 
fracture-dislocations (Chap. 8). However, limited 
data is available on these types of fractures out-
side control groups in randomized trials, so clini-
cal decisions and prognostic predictions must be 
made cautiously.

Even severe malunion can be tolerated in 
older people, and it can be realistic to expect 
pain-free shoulder function at shoulder level 
(Fig. 3.14). Although the primary reverse shoul-
der arthroplasty has gained popularity, the evi-
dence is still scanty (Chap. 13). Ongoing and 
future studies may provide more evidence-based 
guidance for decision-making.

3.8  Fractures of the Humeral Neck and Both Tuberosities
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Fig. 3.14  Fracture of the humeral neck and both tuber-
osities in a 70-year-old female. The fracture healed with a 
massive lateral bone bridge, including most of the articu-
lar surface. Pain-free shoulder function above shoulder 

level was achieved after 3 months. Internal and external 
rotation remained restricted. Radiographs and three-
dimensional CT at admission. Radiographs and clinical 
photos at 6 months

3.9	� Fracture-Dislocations

Fracture-dislocations are rare but important frac-
ture patterns. In older people, an anterior humeral 
head displacement is usually accompanied by a 
greater tuberosity avulsion or a cuff tear 
(Fig.  3.15). An occult fracture of the humeral 
neck in older people is often present or may 
appear during reduction. Neurovascular injuries 

or glenoid injuries are more common in cases of 
fracture-dislocations, even after low-energy 
trauma. Fracture-dislocations require immediate 
surgical intervention. Ideally, the reduction 
should be done by a shoulder surgeon who can 
convert it to a reverse arthroplasty if necessary. 
Fracture-dislocations were the original indication 
for joint replacement with monoblock hemiar-
throplasty in Charles Neer’s 1953 paper [14].

3  The Morphology of Shoulder Fractures: An Iconography
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Fig. 3.15  Anterior fracture-dislocation in an 84-year-old 
female. The dislocation was reduced to an almost ana-
tomical position by closed reduction under anesthesia 
(radiographs before and after reduction). Subacromial 
retraction and partial resorption of the greater tuberosity 

followed. The greater tuberosity was located in the sub-
acromial space on both radiographic views. The patient 
regained pain-free shoulder function and had no clinical 
symptoms of subacromial impingement. Radiographs and 
clinical photos 6 months post-injury

3.10	� Articular Surface Fractures

Articular surface fractures encompass a wide 
range of fracture types, extending from low-
energy trauma in older people with a minor step-
off in the articular surface to high-velocity injuries 
with deep cleavages of the humeral head, as 
shown in Fig. 3.16. The condition of the surround-
ing soft tissue, the extent of energy transferred to 
the tissue, and the patient’s level of activity must 

be weighed besides the patient’s preferences and 
the limited clinical evidence available. The dogma 
that any incongruency in the articular surface 
leads to post-injury osteoarthritis and should be 
treated by primary joint replacement is weakly 
supported by evidence and may originate from 
analogies from weight-bearing joints like the knee 
and ankle. Post-traumatic osteoarthritis can 
indeed develop in some cases, and if symptoms 
arise, it can be managed with a secondary reverse 
shoulder arthroplasty.

3.10  Articular Surface Fractures
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Fig. 3.16  Articular surface fracture in a 26-year-old 
craftsman who fell from scaffolding. The peroperative 
photo illustrates that the humeral head had several deep 
articular fractures and could not be reconstructed. The 

tuberosities were still attached to the humeral shaft, and 
the rotator cuff was intact. Replacement of the humeral 
head with a hemiarthroplasty was feasible, and the patient 
was able to return to work

3.11	� Perspectives

Fracture morphology and displacement are 
dynamic processes determined by the rotator 
cuff, the deforming forces acting on the fractured 
parts, and the quality of the bone. Understanding 
soft tissue pathology is crucial for comprehend-
ing fracture morphology and its clinical course. 
The commonly practiced radiological decision-
making prioritizes assembling the bony puzzle 
rather than considering soft tissue status, the best 
evidence, and the patient’s preferences. Proximal 
humerus fractures in poor bone often lead to 
severe displacement, which worries many ortho-
pedic surgeons; even severe medial translation, 
impaction, or partial collapse of the humeral neck 
may not hinder healing, shoulder function, and 
patient satisfaction, however, even if the radio-
graphs are disappointing from an upper limb 
reconstruction perspective.

It is an established dogma in orthopedics that 
increasing fracture displacement leads to a poorer 
outcome and represents an independent indica-
tion for surgery. Following the principles for 
anatomical reduction and stable fixation has 
undeniably brought great benefits to fracture 
patients. However, 65  years after the ground-
breaking work of the AO group, it is time to 

revisit the principles and align the treatment of 
shoulder fractures with contemporary evidence. 
The first step could be distinguishing the humerus 
from the femur and the shoulder from the hip. 
The weight-bearing properties of the upper arm 
and shoulder changed with the evolution of Homo 
erectus.

I have outlined some of the most common dis-
placements and their healing potential in this 
chapter. In Chap. 11, I will discuss the evidence 
base for non-surgical treatment. Improving 
patient management by reducing iatrogenic dam-
age and limiting unnecessary surgery requires the 
application of best evidence and systematic fol-
low-up on all fracture patients—regardless of 
their treatment (Chap. 16).
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4Pre-radiological Diagnostics 
and Classification of Shoulder 
Fractures

4.1	� Introduction

Medical texts have included descriptions for 
diagnosing and classifying upper arm fractures 
since antiquity [1]. Historical sources are scarce, 
however, especially for ancient times. Providing 
an overview of how these fractures have been 
described and classified by different cultures in 
different periods is a daunting task. Little is 
known about the development of medical tradi-
tions or whether works from a particular culture 
or region have influenced others. Parts of the 
overview presented below should be read as an 
episodic history offering a series of snapshots 
showing the many ways upper arm fractures have 
been understood through the ages, rather than as 
an uninterrupted causal history of how these 
understandings have developed chronologically.

4.2	� Ancient Egypt

The first example of diagnostics and classification 
of upper arm fractures can be found in the oldest 
known surgical text, the Edwin Smith Papyrus, 
named after the American Egyptologist who 
bought it from an Egyptian merchant in 1862. The 
provenance of the papyrus is unclear; it may have 
been taken from the grave of a physician buried in 
the Theban necropolis. Today held at the 
New York Academy of Medicine, it was displayed 
at the Metropolitan Museum of Art in New York 
in 2005 accompanied by a new translation [2].

The papyrus’s date is controversial. Based on 
its classical Middle Egyptian grammar, the con-
sensus is that it is a scribal copy made around 
1600 BCE (Fig. 4.1); several archaic words, how-
ever, have led some scholars to suggest that it 
derives from a much older text of the Old 
Kingdom period (2584–2117 BCE) [3]. If this is 
correct, it would have been composed in the time 
of the great pyramids, which may indicate possi-
ble trauma mechanisms—but a more recent date 
is supported by the presence of writing errors and 
the fact that archaic words and phrases were 
commonly used in ancient Egyptian texts to make 
them appear older [4].

The papyrus is 4.68 meters long, written with 
black and red ink (Fig. 4.2), and consists of 17 
columns on the front and 5 on the back. The text 
is hieratic, a cursive form of hieroglyphic script; 
consequently, translation begins with translitera-
tion from hieratic to hieroglyphic script and from 
hieroglyphic to English. This chapter relies on 
the translation by Allen [2]; dating of Egyptian 
dynasties follows Kemp [5].

The papyrus text survives from a complete 
manual for traumatic conditions, now lost. The 
front face describes 48 surgical cases covering 
soft tissue injuries, sprains, closed fractures, and 
compound fractures. The cases are topologically 
ordered and deal with injuries of the skull (cases 
1–9), the eyebrow (case 10), the nose (cases 
11–14), the cheek (cases 15–17), the temporal 
region (cases 18–22), the ear (case 23), the jaw 
(cases 24–25), the lip (case 26), the chin (case 
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Fig. 4.1  Scribe (twenty-fourth century BCE). Rose gran-
ite. Neues Museum, Berlin

Fig. 4.2  Columns XII and XIII of the Edwin Smith 
Papyrus (copied circa 1600  BCE) with the three cases 
dealing with humerus fractures [2]. (With permission 
from the New York Academy of Medicine)

27), the throat and neck (cases 28–33), the col-
larbone (cases 34–35), the upper arm (cases 
36–38), the chest (cases 38–41 and 45–46), the 
ribs (cases 42–44), the shoulder (case 47), and 
the vertebra (case 48). The papyrus is incomplete 

and is interrupted in the middle of case 48. In this 
chapter, I will discuss the three cases of fractures 
of the upper arm (cases 36–38) with a focus on 
diagnostics and classification. In the chapter that 
follows, I will interpret and discuss the recom-
mended treatments.

The Edwin Smith Papyrus is systematically 
structured, with each case containing four ele-
ments: title, examination, prognosis, and treat-
ment. Titles include the anatomical region and 
the structures involved—“practices for a break in 
his upper arm with a wound on it,” for example 
(case 37). The examination contains a repetition 
of the title, the clinical signs, and the procedures 
the practitioner should perform to reach the diag-
nosis, ending with a prognostic statement by the 
practitioner. These can be favorable (“an ailment 
I will handle”), challenging (“an ailment I will 
fight with”), or hopeless (“an ailment for which 
nothing can be done”). All three verdicts are 
found in the three cases dealing with humerus 
fractures. While there are no explicit instructions 
for classifying injuries in the papyrus, the uni-
form structure of the cases allows us to deduce 
some principles for classification. The ancient 
writer classifies injuries according to the anatom-
ical location, the tissue involved, and the 
prognosis.

Close reading of written historical surgical 
cases relies on reliable topographical identifica-
tion of anatomical landmarks. Before interpret-
ing the text, the upper arm should be distinguished 
from the adjacent structures; the title of all three 
cases included the term “upper arm”—but we 
have yet to determine precisely which part. 
Conceptions and boundaries of ancient anatomi-
cal terms and definitions should be interpreted 
carefully; we cannot assume we are dealing with 
the same structures and pathologies we accept 
today. From ancient Egyptian sources, we have a 
rich vocabulary of about 250 anatomical terms 
[6, 7]. Various hieroglyphic signs represent the 
internal organs of mammals, and the terminology 
of the gross anatomy of the body is rich. The 
scapula was known as the “razor bone” because 
of its similarity to an ancient Egyptian razor. The 
word appeared in a case with a gaping wound 
above the shoulder blade (case 47). The spina 
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scapula and the coracoid process were known as 
“the fork of the shoulder” or “the two-toed claw.” 
Surprisingly, these structures were not consid-
ered part of the scapula. References to the knowl-
edge of nerves, vessels, or tendons have not been 
found, and we cannot be certain that the term 
translated as “the upper arm” does not, in fact, 
designate both the upper arm and the forearm. 
Because the text has not been preserved in full, 
we cannot know how the upper arm was distin-
guished from the elbow or forearm. It is possible 
that the term translated as “wound” referred to 
the entire injury, including the underlying frac-
ture [3]. The preserved text shows that the upper 
arm was at least distinguished from the collar-
bone (cases 34–35) and the chest (cases 38–41 
and 45–46).

Several diagnostic signs of fractures in the 
upper arm are mentioned. In a broken upper arm: 
“You find his arm dangling away from him and 
out of alignment with respect to its companion” 
[2] (case 36).

The sensation under the fingers of the practi-
tioner examining a broken upper arm is described: 
“You find that break wiggling under your fingers” 
[2] (case 37).

The ancient word translated as “wiggling” is 
nekhebkheb, possibly an onomatopoeia for 
crepitus.

A swelling over a closed injury of the humerus 
is described as “a swelling risen on the back of 
that split that is in his upper arm” [2] (case 38).

Ancient Egyptian understandings of pathol-
ogy are likely to differ from our own and should 
be mapped on to those of our own with caution. 
While we find some simple anatomical distinc-
tions to be lacking, at least four technical terms 
for fractures can be found in ancient Egyptian 
texts [3]. Two are found in cases involving the 
upper arm. A heseb is described as a simple, 
closed fracture (case 36). The prognosis of this 
injury was considered good. If there was a wound 
over a heseb, however, the prognosis was less 
favorable (case 37). In cases with a “wound that 
is on the break with blood coming out of it and 
obstructed on the inside of his wound,” the prog-
nosis was hopeless, and nothing could be done 
[2] (case 37).

A peshen was a simple closed fracture. It was 
considered easy to handle and promised a favor-
able outcome (case 38).

While the exact meanings of anatomical and 
pathological terms in ancient Egyptian texts are 
still to be determined, the three verdicts were 
used consistently throughout the text, allowing us 
to classify the injuries into one of three prognos-
tic categories (Table 4.1). A favorable prognosis 
was found in 30 cases, a less favorable prognosis 
in 8 cases, and a hopeless prognosis in 14 cases. 
Some cases described several possible scenarios 
and more than one verdict.

A modern reader familiar with trauma manu-
als and applications may be impressed by the 
rational nature of the ancient text. But it is essen-
tial to underscore that religious and magical con-
tent heavily influenced ancient Egyptian 
medicine. On the papyrus’s rear face, the scribe 
who copied the surgical cases also wrote eight 
magical spells and five prescriptions, including a 
prescription for turning an old man into a youth. 
In cases of trauma, the cause was usually appar-
ent, which made it easier to give a prognosis. 
However, in internal diseases where the causes 
were often less clear, the condition was some-
times attributed to supernatural forces. We may 
theorize that this led people to seek supernatural 
cures instead of rational medicine. We may easily 
infer that ancient Egyptian medicine, as a field of 
study, was more informed by ideas of the 
supernatural than those of today, and the bound-
aries between rational medicine and magic were 
not clearly defined [4].

Table 4.1  Classification items for fractures of the upper 
arm reconstructed from the Edwin Smith Papyrus (c. 
1600 BC)

Anatomy

Upper arm (not collarbone; 
the distal boundary is 
unknown)

Pathology Bone heseb fracture
peshen fracture

Concomitant 
injury

Superficial wound
Deep wound

Prognosis Favorable
Less favorable
Hopeless

“An ailment I will handle”
“An ailment I will fight 
with”
“An ailment for which 
nothing can be done”

4.2  Ancient Egypt
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4.3	� Ancient Greece

Several surgical texts from Greek antiquity deal-
ing with upper arm fractures, more than a thou-
sand years more recent than the Egyptian papyrus, 
survived. The most notable of these is the Corpus 
Hippocraticum, a collection of 60–70 books writ-
ten in the fifth and fourth centuries BCE. Although 
this collection is associated with Hippocrates and 
his medical school, it is unknown how many 
books were written by Hippocrates himself, who 
lived from around 460 to 377  BCE.  Compiled 
circa 250 BCE in the library of the Museion of 
Alexandria, only a tiny portion of the texts have 
survived. Those we know today were translated 
and copied by Arab authors during the Middle 
Ages. Most doctors are familiar with 
Hippocrates’s mode of reducing a shoulder dislo-
cation, still used in clinical practice today. This 
section will discuss the Hippocratic approach to 
diagnosing and classifying fractures of the 
humerus, widely used for over 2000  years and 
studied and debated by medical writers until the 
nineteenth century. Fractures of the humerus are 
dealt with in the book De Fracturis, parts VIII, 
XXXV, and XLVI (c. 415  BCE). This chapter 
relies on the translation by Withington [8].

The Hippocratic School of Medicine consid-
ered prognosis to be crucial; the classification of 
diseases and recommendations for treatment 
were based on prognostic statements and tax-
onomy structured from a prognostic perspec-
tive. The ancient writer did not aim to create an 
exhaustive division of clinical phenomena into 
categories but to state some convenient prog-
nostic categories for the benefit of the practitio-
ner. The rough anatomical division of humerus 
fractures can be used to illustrate this point: 
“Sometimes the actual head of the humerus is 
fractured at the epiphysis, but this, though 
apparently a very grave lesion, is much milder 
than injuries of the elbow joint” [8] (De 
Fracturis, XLVI).

The Hippocratic writer distinguished between 
fractures and dislocations, which may appeal to 
the modern reader. It should be noted that frac-
ture cases are found in the book De Articulationes 
and dislocation cases in the book De Fracturis. 

Although the exact anatomical location of the 
injuries described is not entirely clear, the 
ancient author mentions some anatomical char-
acteristics of the humerus. He notes that “the 
head of the humerus would be seen to have a 
strongly marked projection forwards, though not 
dislocated. For the head of the humerus is natu-
rally inclined forwards, while the rest of the 
bone is curved outwards” [8] (De Articulationes, 
I) and that “the humerus is naturally convex out-
wards, and is therefore apt to get distorted in this 
direction when improperly treated” [8] (De 
Fracturis, VIII).

Although Hippocrates did not discuss fracture-
dislocations of the shoulder, such cases may have 
posed a diagnostic challenge to ancient 
practitioners.

As in the more ancient Egyptian source, a sig-
nificant portion of the text is devoted to com-
pound fractures of the humerus. The Hippocratic 
author similarly notes that cases where the upper 
arm protrudes indicate a poor prognosis [8] (De 
Fracturis, XXXV).

The practitioner is faced with a dilemma: “If 
you reduce the fracture, convulsions are liable to 
supervene, while in cases not reduced there are 
bilious fevers with hiccough and mortification” 
[8] (De Fracturis, XXXV). A prognostic distinc-
tion within compound fractures is made accord-
ing to whether the bone protrudes to the outer 
side or the inner side of the arm: “For many 
important blood vessels stretch along the inner 
side, and lesions of some of them are fatal; there 
are also some on the outside, but fewer” [8] (De 
Fracturis, XXXV). The overall prognosis after 
compound fractures was poor: “There may be 
survival even in cases where reduction is made, 
but it is rare indeed” [8] (De Fracturis, XXXV).

We have only incomplete and secondary writ-
ten remains from the famous Alexandrian School 
of Medicine, which existed in the third century 
BCE. Unfortunately, many irreplaceable medical 
documents were lost in a great fire in the library 
of the Museion of Alexandria in about 
272 CE. However, we have an important second-
ary source of Alexandrian medicine in the 
Byzantine medical writer Oribasius 
(325–397  CE). A compiler and mediator of 
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ancient medical writers, he authored 70 books, of 
which only 25 have survived; his work is never-
theless particularly valuable for researchers and 
scholars. In Oribasii Collectionum Medicarum 
Reliqviae, XLIX, 14, Oribasius relates a discus-
sion between Pasicrates and Aristion, two doctors 
from Alexandria, about the treatment of shoulder 
fracture-dislocations [9]. The discussed fracture 
was described as a combination of a glenohu-
meral dislocation and a humeral shaft fracture. 
The injury was described in detail, and the appro-
priate management was discussed, pointing 
toward an ability to differentiate a dislocation 
from a fracture of the shaft. In cases where crepi-
tus could not be felt, it may have been challeng-
ing for the ancient practitioner to distinguish a 
simple shoulder dislocation from a fracture-
dislocation of the proximal humerus.

4.4	� Ancient Rome

References to the Alexandrian School of Medicine 
can also be found in the Roman encyclopedist 
Celsus (25 BCE–50 CE), who referred to the per-
formance of human dissections by Erasistratus 
and Herophilus in the third century BCE.

Celsus, a learned Roman medical writer dur-
ing the reigns of Augustus (27 BCE–14 CE) and 
Tiberius (14–37 CE), authored the eighth book of 
De Medicina [10], which summarized and 
expanded on the practice of Roman medicine. 
The books were published during the early age of 
printing (1478) and remained influential until the 
nineteenth century. Celsus was the first to clearly 
differentiate fractures of the proximal humerus 
from distal and shaft fractures. Fractures near the 
ends of bones were considered more painful and 
difficult to treat; in contrast, fractures of the shaft 
were deemed less dangerous based on prognostic 
considerations, as outlined in Hippocrates’s writ-
ings (De Medicina, VIII, 10) [10]. Celsus identi-
fied different types of upper arm fractures, with 
transverse fractures being the least problematic. 
Multiple and oblique fractures were considered 
more severe, with fractures causing pointed frag-
ments having the worst prognosis (Table 4.2).

Celsus’s notion of pathological bone anatomy 
should be interpreted with caution, as we have no 
sources supporting studies on human extremi-
ties—he broadly used the Latin nervus, for exam-
ple, to designate nerves, tendons, fasciae, and 
ligaments without specification.

The Alexandrian School of Medicine was 
known for prioritizing the interpretation of 
ancient texts over practical medical applications. 
According to the Greek philosopher Philo of 
Alexandria (c. 10 BCE–40 CE), medical science 
in Alexandria was not very capable:

In medical science, some practitioners who know 
how to cure almost every complaint, and disease, 
and infirmity, can nevertheless give no true or even 
probable account of any of them; and on the other 
hand, others are very clever, as far as giving an 
account of the diseases goes, and in explaining 
their symptoms and causes, and the modes of cure, 
and are the most excellent interpreters possible of 
the principles of which their art is made up, but are 
utterly useless in the matter of attending the bodies 
of the sick, to the cure of which they are not able to 
contribute even the slightest assistance [11]. (Quod 
Deterius Potiori Insidiari Soleat, XIII, 43)

The Greek physician Galen (129–215) studied 
in Alexandria for at least 4 years in the 150 s, a 
few centuries after the Alexandrian School of 
Medicine. There are no mentions of the famous 
Alexandrian dissections in Galen’s work. 
Alexandria offered organized instruction in anat-
omy during Galen’s time, however. The prevail-
ing approach was to combine the study of the 
surface anatomy of an enslaved person with the 
dissection of an animal, preferably an ape. When 
a dissection could not be performed, Galen rec-

Table 4.2  Classification of upper arm fractures recon-
structed from Celsus

Anatomy
“Upper arm” or 
“humerus” Prognosis

Gross anatomy Upper end
Middle part
Lower end

Less favorable
Favorable
Less favorable

Fracture 
anatomy

Transverse
Multiple
Oblique
Overriding
“Pointed”

Favorable
Less favorable
Less favorable
Less favorable
Worst

4.4  Ancient Rome
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ommended studies of bones found in dilapidated 
graves or from accidental findings of decom-
posed bodies with the bones in situ [12] (Opera 
Omnia, II, 221–2). In later years, he had the privi-
lege of becoming the doctor of the gladiators, 
which gave him access to casualties.

Galen’s works, of which only 20 books escaped 
the great fire in Alexandria, included a comprehen-
sive interpretation and commentary on the 
Hippocratic writings, Hippocrates de fracturis 
liber et Galeni in eum commentaries. Around 
180 CE, Galen wrote a short introduction to bone 
anatomy, De ossibus ad tirones (Bones for 
Beginners) [13], with a description of the humerus:

The humerus – the largest bone except the femur – 
diarthroses at both ends. At the shoulder end, it has 
an epiphysis, which swells into a head on a smaller 
neck. And there is a broad incised hollow in the 
front, dividing the whole head into two as though 
[both were] condyles. … [The] humerus is bowed, 
yet not sharply or uniformly but convex anteriorly 
and outwardly, and concave in the reverse. [13] 
(De ossibus ad tirones, 16)

In his commentaries on the Hippocratic 
account of humerus fractures, Galen is critical of 
the inconsistent classification he finds: while 
names and ideas differ, he points out, the treat-
ment of the condition remains unaffected. He 
also emphasizes that disagreement concerning 
names is neither helpful nor harmful [12] (Opera 
Omnia XVIII, 419).

The Byzantine medical writer Paul of Aegina 
(c. 625–690) incorporated the works of Galen 
and Hippocrates into his medical encyclopedia 
Epitome medicae libri septem [14]. Paul classi-
fied traumatic fractures into five types 
(Table 4.3).

4.5	� Medieval Sources

During the Middle Ages and the Renaissance, 
the works of Paul of Aegina sustained Galen’s 
legacy. The Arabs dominated medicine from the 
seventh to the thirteenth centuries; scholars 
translated and reinterpreted the written inheri-
tance of Greek and Roman antiquity, preserving 
them for posterity. In the ninth century, the 
Hippocratic corpus and Paul of Aegina’s Epitome 
were translated into Arabic. The Arab writers 
who compiled the ancient Greek and Roman sur-
gical texts made minor changes to the diagnosis 
and classification of shoulder fractures; the Arab 
surgical writer Albucasis (936–1013), for exam-
ple, believed that each bone had a distinct frac-
ture and that each bone fracture had further 
variations: “Each kind has its own special tech-
nique for setting which will be mentioned in 
detail, each in its place” [15] (p. 680).

From the twelfth to the fifteenth century, a 
period coinciding with the flourishing of northern 
Italian universities, technical surgical books 
became increasingly widespread. In the late 
Middle Ages, human dissections resumed, as 
those conducted in 1315 by the physician and 
anatomist Mondino de Luzzi (c. 1270–1326) 
confirm; de Luzzi’s textbook of 1316 was eventu-
ally printed in 1478 [16]. During the late Medieval 
period, dissections were mainly used to confirm 
the theories of Galen, which were not based on 
naturalistic principles as we understand them 
today. Contemporary textbooks often featured 
illustrations of skeletal figures, created from dis-
sections and aligned with Galenic philosophy. It 
is essential to note that this understanding is 
theory-dependent and would not satisfy modern 
standards of osteology (Fig. 4.3). Although they 
may appear inaccurate to contemporary readers, 
these illustrations represented state-of-the-art 
medical knowledge until the mid-sixteenth 
century.

Table 4.3  Classification of fractures reconstructed from 
Paul of Aegina [14]

Latin terms for 
fractures English translation
Raphanatim Complete, transverse fracture
Scandulatim Longitudinal fracture
In ungiuem One part straight, the other 

lunated
Polentatim A bone in small pieces
Caulatim A fracture with complete 

separation
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Fig. 4.3  Late Medieval conception of the skeleton. 
Mondino de Luzzi [16]

Fig. 4.4  The humerus. Anterior and posterior view. 
Andreas Vesalius [19]

4.6	� Renaissance Sources

Leonardo da Vinci, for whom anatomy was a dis-
tinct area of research, took up dissection with the 
specific aim of improving his artistic work. 
Although the influence of his anatomical sketches 
in his lifetime is unclear since his anatomical 
drawings were not published until almost three 
centuries later, he had a keen interest in the study 
of surface anatomy and myology and conducted 
in-depth research on the functional anatomy of 
the shoulder. In his initial drawings, the humerus 
was depicted as curved, echoing Galen in indicat-
ing the dissection of apes [17]. Through his prep-
aration of the deep muscles of the shoulder, 
Leonardo gained an understanding of the biome-
chanics of the four muscles that constitute the 
rotator cuff. In a drawing held by the Royal 
Collection Trust at Windsor Castle [18] (Plate 50, 
Fig. 5) the glenohumeral joint has been distended 
to clearly illustrate the insertion of the long head 

of the biceps, the rotator cuff, and the coracoid 
process, along with the insertion of the pectoralis 
minor, the short head of the biceps, and the cora-
cobrachialis muscle. Understanding the biome-
chanics of the four deep muscles is crucial in 
comprehending the displacement in proximal 
humerus fractures. However, in medieval times, 
only the superficial muscles were considered, 
leading to the belief that heavy traction to coun-
teract them was the best treatment.

The introduction of printing with movable type 
in about 1450 substantially improved the dissemi-
nation of medical knowledge and provided useful 
pictorial material for learned practitioners. Andreas 
Vesalius (1514–1564), the great reformer of anat-
omy, began his studies with the works of Galen 
and wrote several books on Galenic anatomy. 
During his time, access to human corpses for study 
improved from the time of Mondino. Vivisection 
of pigs was used to study the internal organs, par-
ticularly the heart. Vesalius published his most 
notable work, De humani corporis fabrica libri 
septem, containing studies on bone anatomy, in 
1543 [19]. Vesalius’s description of the humerus 
remains appealing to a modern reader, although 
the illustration of the bone appears a little short in 
Fig. 4.4. Although Vesalius did not discuss patho-
anatomical matters, his accurate descriptions and 
illustrations of the musculoskeletal system were 
crucial for later works on surgery and surgical 
anatomy. Systematic studies of pathological anat-
omy did not appear until the eighteenth century.

4.6  Renaissance Sources
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Fig. 4.5  Frontispiece from Theodor Kerckring’s anatom-
ical textbook from 1670 [20]. Engraving by Abraham 
Blooteling (1634–1690). The book’s title, Spicilegium 
anatomicum (Latin: Spica), refers to the collection of the 
grain left behind after the harvest. The two children 
depicted in the engraving symbolize the humble anato-
mist’s collection of observations and the hope of provid-
ing minor amendments to the work of the great masters. 
The corpse is positioned with ropes around the chest and 
the wrist. The dissection begins with the upper arm

Table 4.4  The four species of fractures of the proximal 
humerus reconstructed from Duverney [21]

Transverse fractures
Oblique fractures
Fractures with splinters
Fractures with bone shivered to pieces

Vesalius’s influence was decisive in the Early 
Modern era, as demonstrated in an anatomical 
textbook by Theodor Kerckring (1638–1693) 
(Fig. 4.5) [20].

4.7	� French Hospital Surgery 
in the Eighteenth Century

Comparisons of clinical observations with patho-
anatomical findings at dissections can be found 
in the works of the French hospital anatomist and 
surgeon Joseph Duverney (1648–1730). 
Duverney, one of the first academic surgeons 
with a medical degree conferred by the University 
of Avignon in 1667, proposed a pathoanatomical 
and biomechanical classification for shoulder 

fractures, clearly distinguishing the different 
parts of the humerus in his The Diseases of the 
Bones [21]. Duverney discussed difficulties dif-
ferentiating between a proximal fracture and a 
glenohumeral dislocation. The contusion, ecchy-
moses, and swelling could mimic a dislocation. If 
crepitation was present, it was indicative of a 
fracture; if the humeral head could not be felt in 
the glenoid cavity, however, it was a dislocation. 
Duverney classified the muscles that affect a 
fracture into flexors and extensors. In a fracture 
close to the joint, the bone fragment located far-
ther from the joint could be moved and pulled 
upward by both the flexor and extensor muscles. 
The deltoid muscle played an essential role in 
Duvernay’s account of the displacement of the 
fracture; there was no mention of the deep mus-
cles, however. In impacted proximal fractures 
“we may be deceived, for the Deltoid may in a 
Fracture, by its Contraction, keep the broken Part 
in such Subjection, that it is very difficult to be 
assured of it” [21] (p. 116).

Duverney classified proximal humerus frac-
tures into four distinct species based on their 
characteristics (Table  4.4). Transverse fractures 
were those where the arms were of equal length, 
but the patient could not move the affected limb. 
Depending on the nature of the trauma, the dis-
placement may be forward, backward, or lateral; 
oblique fractures were prone to displacement and 
overlapping. Although fractures with splinters or 
those where the bone was shattered were not 
described in detail, these may refer to injuries 
caused by gunshot wounds.

Duverney summarized the prognostics in this 
balanced statement:

“The Prognostic of the Fractures of the Arm is 
taken from their Species, Situation, Largeness, the 
present Symptoms, and those to be apprehended” 
[21] (p. 117).

4  Pre-radiological Diagnostics and Classification of Shoulder Fractures
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The surgeon was further advised to share with 
the patient the expected prognosis in terms of a 
stiff shoulder:

“The Surgeon should not hesitate to forewarn, that 
the Ancylosis of the Joint will succeed a Cure, not-
withstanding all his Care” [21] (p. 117)

During the eighteenth century, the traditional 
Hippocratic and Galenic approach to proximal 
humerus fractures was challenged by the French 
surgeon Pierre-Joseph Desault (1744–1795). 
Unlike his colleagues, Desault, who had worked 
as an assistant for a local barber-surgeon, came 
from a humble background. He gained knowl-
edge in anatomy at the military hospital in Belfort 
before moving to Paris in 1766 to establish his 
anatomy school. In 1786, Desault was appointed 
as the chief surgeon at l’Hôtel Dieu. As an active 
surgeon, he performed public operations and 
introduced bedside teaching and rounds for 
didactic purposes. In 1779, he published a surgi-
cal textbook with Francois Chopart (1743–1785), 
but he generally preferred bedside teaching over 
anatomy textbooks. Several of Desault’s pupils 
published his merits, including Xavier Bichat 
(1771–1802), Guillaume Dupuytren 
(1777–1835), and Dominique Jean Larrey 
(1768–1842). Bichat published Desault’s lectures 
in 1801 [22] and the monograph A Treatise on 
Fractures, Luxations and Other Affections of the 
Bones in 1805 [23]. Desault classified proximal 
humerus fractures by anatomical level, mecha-
nism of injury, involvement of soft tissue, mor-
phology, displacement, and complicating factors 
(Table 4.5) [22].

The diagnosis was made based on the patient’s 
medical history and clinical examination. A his-
tory of falls, pain, and inability to move the arm 
was typical. The space under the acromion was 
inspected and palpated to rule out dislocation; 
extending the arm with an assistant moving the 
humeral head against the shaft confirmed the 
diagnosis by the lack of movement of the humeral 
head and the presence of crepitus. The deltoid 
muscle pulled toward the natural curve of the 
humerus, while the pectoralis major, latissimus 
dorsi, and teres major muscles tended to move 
the shaft inward. The prognosis was considered 
good unless the fracture was very close to the 
humeral head; healing was estimated to take 
between 26 and 30 days.

While Desault broke from the Hippocratic and 
Galenic beliefs, his fracture treatments still 
involved blood-letting and a strict diet [23]. And 
although he died in 1795, his pathological anat-
omy of bone and joint injuries continued to be 
influential until the latter half of the nineteenth 
century. Chapter 6 will present the work on 
shoulder fractures of Desault’s pupils.

4.8	� Perspectives

In this chapter, I have reviewed a collection of 
historical sources on the diagnosis and treat-
ment of upper arm fractures. One of the most 
striking features for the modern medical reader 
is the enduring influence of the ancient Greek 
and Roman masters Hippocrates and Galen. 
Even with the rise of empiricism in the seven-
teenth and eighteenth centuries, the influence 
of Hippocrates and Galen strongly impacted 
most aspects of medical thinking. Bloodletting 
of fracture patients was still practiced in the 
nineteenth century. While the anatomical 
knowledge necessary for understanding the 
biomechanical forces acting on a fractured 
shoulder was present as far back as the 
Renaissance, this knowledge was not inte-
grated into these patients’ diagnosis, classifi-
cation, and treatment until the eighteenth 
century, mainly through French hospital sur-
gery. Figures such as Duverney and later 

Table 4.5  Classification of proximal humerus fractures 
reconstructed from Desault [22]

Anatomical level The upper, middle, or lower part 
of the humerus

Trauma mechanism Indirect, direct, or counterstroke
State of the soft 
parts

Natural or distended

Fracture 
morphology

Transverse or oblique

Displacement of 
fragments

In contact or separated, upwards 
or inwards

Complications Fracture-dislocations, 
compound, splinters, infection
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Desault played important transitional roles, 
paving the way for the flourishing studies of 
fracture morphology from the late eighteenth 
century, as discussed in Chap. 6. It may be 
challenging for modern readers to imagine 
how ancient writers understood fracture diag-
nostics, classification, and treatment, given 
the profound influence of our differing socio-
cultural contexts on the practice of medicine. 
The relationship between ancient authors and 
practitioners may remain unclear—but it is 
clear that practitioners have observed, inter-
preted, and treated shoulder fractures through-
out history.
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5Interventions for Shoulder 
Fractures from Ancient Egypt 
to the Eighteenth Century

5.1	� Introduction

There are two ways to learn about ancient frac-
ture treatments. We can examine written texts to 
find passages that mention them, and we can 
study human remains to determine if fractures 
occurred, how they healed, and whether they 
were treated. Written sources are rare; human 
remains are useful for the reconstruction of a 
comprehensive understanding of ancient fracture 
treatments, equally so—and both are subject to 
inherent biases.

Ancient writers often describe complex 
procedures that may have been exaggerated or 
even impossible, while the texts themselves 
are subject to errors of translation, copying, 
and interpretation throughout history; more-
over, it is essential to be cautious when inter-
preting anatomical terms, as the concept of 
naturalistic anatomy as we know it today did 
not exist until the sixteenth century. Human 
remains, meanwhile, are usually found in 
places with good conservation conditions, 
more typical of burials of the privileged. 
However, these only afford small samples 
from different periods.

In Chap. 4, I reviewed historical sources 
related to diagnostics and classification; in this 
chapter, I will provide an overview of texts dis-
cussing the management of shoulder fractures 
and present a selection of human remains. The 
chapter covers sources from ancient Egypt to the 
late eighteenth century.

5.2	� The Edwin Smith Papyrus

The Edwin Smith Papyrus, copied around 
1600 BCE, is the earliest known text dealing with 
humerus fractures [1, 2]. According to this 
ancient document, the general treatment for 
closed fractures of the humerus involved reduc-
ing the fracture by traction and then bandaging it. 
To reduce the fracture, the patient was placed 
supine with a roller between their shoulder 
blades. The fracture was then reduced by simple 
traction, and a bandage was subsequently applied 
to stabilize it. A bandage of two strips of cloth 
with alum and honey, changed daily until the 
bone was healed, was used to treat a humerus 
fracture. The recommended method of reducing 
the fracture and applying the bandage was the 
same as for a broken collarbone. In the case of a 
compound humerus fracture, oil was added to the 
bandage.

The Hearst Papyrus, a medical document  
dating back to around 1450  BCE [3], provides 
information about the components of adjuvant 
substances. In the section titled “A prescription to 
knit a broken bone on the first day,” various pre-
scriptions for casts can be found. These casts 
were created using different starch pastes from 
flour derived from glutinous sources mixed with 
honey or cream. By adding cloth to the mixture, a 
cast that was both moldable and rigid could be 
formed. While several mummies and skeletons 
have been found in ancient Egypt with splints 
still attached, no humerus fracture with the 
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bandages in situ has been found, permitting fur-
ther studies of techniques. Information about 
ancient Egyptian splinting techniques can be 
obtained from mummies that have undergone 
postmortem splinting. One of the most illustra-
tive is the mummy of King Siptah (reign 
1197–1191  BCE), in custody of the Egyptian 
Museum in Cairo, with postmortem splinting of 
the forearm. Tomb looters broke the forearms of 
a mummy to remove jewelry, and the mummy 
was left with fractures, which was unacceptable; 
priests carefully splinted the forearms to ensure 
the mummy could make its journey to eternity 
intact [4].

5.3	� Human Remains

In 1908, several specimens with splints in situ 
were excavated north of Luxor. One of the  
specimens of particular interest is an open  
forearm fracture from the fifth dynasty (c. 
2450–2325 BCE), with the bandage still in place. 
It was published in British Medical Journal in 
1908 [5]. Bloodstains were found on the date 
palm fibers adhered to the ulna; bundles of coarse 
grass and straw covered the inside of the ban-
dage. The stiffness of the bandage was secured 
by a tube made of three pieces of rough acacia 
bark. There were no signs of healing, which sug-
gests that the patient probably died shortly after 
the injury.

It is unclear who provided treatment for frac-
tures in ancient Egypt. The medical papyri 
describe various medical specialties, such as oph-
thalmologists, proctologists, and dentists. 
However, it is unknown whether trauma treat-
ment was overseen by priests or performed by 
local bonesetters; nor can we be certain whether 
the written prescriptions were available to all 
practitioners or limited to a learned elite.

The Edwin Smith Papyrus refers to three 
cases of humerus fractures, most likely caused 
by traumatic injury (Chap. 4). The description of 
compound fractures and soft tissue damage in 
the shoulder area could indicate combat injuries 
or work accidents that occurred during major 
building projects. At the time the Edwin Smith 

Papyrus was copied, battle axes with copper 
alloy heads, swords, and various tools were com-
monly used. Impact weapons such as clubs, 
sticks, and maces have also been used through-
out dynastic times. While the paleopathological 
literature describes most fractures as traumatic 
rather than caused by bone weakness, bone 
weakness was apparently widespread in ancient 
Egypt; it is a paradox that the early onset of bone 
loss does not appear to be accompanied by osteo-
porotic fractures [6].

Our understanding of the prevalence and inci-
dence of humerus fractures in ancient Egypt is 
based on a limited number of human remains 
from different periods. These remains are 
diverse, so no statistically safe estimates can be 
made about the prevalence of the fractures. 
Before the flooding caused by the further raising 
of the Aswan Dam between 1907 and 1912, 
around 5–6000 bodies and skeletons were exca-
vated from prehistoric to Roman times 
(4000  BCE to the sixth century CE). Among 
these excavations, united fractures were found in 
2% of the skeletons. Out of these, 7% of indi-
viduals had suffered a humerus fracture. Twelve 
humerus fractures were reported: four surgical 
neck fractures, one neck and shaft fracture, five 
fractures of the humerus shaft, one fracture of 
the distal humerus, and one fracture with severe 
arthritis interpreted as fracture sequelae [7].  
The most common fracture involved the shaft of 
the ulna. An excavation of 204 adult skeletons 
from the Giza Necropolis (Old Kingdom,  
c. 2584–2117 BCE) reported fractures in 18% of 
the skeletons, but no fractures of the humerus 
were identified. Eighty percent of the fractures 
involved the radius or ulna [8]. An excavation 
from Saqqara covering skeletons from the  
Old Kingdom to the Ptolemaic period 
(2686–330  BCE) reported 2 fractures in 181 
humeral bones [9].

The population demographics of ancient 
Egypt differ substantially from those of our time. 
During dynastic times, the average lifespan was 
36  years, and there were relatively few elderly 
people [10]. There is some debate over whether 
osteoporosis was present in ancient Egypt. 
Females experienced bone loss as in modern 
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Fig. 5.1  Segmental fracture of a right humerus. Qua, 
Egypt (c. 1400  BCE). Age and gender unknown. 
(Reprinted from [12] with permission from Elsevier)

Fig. 5.2  Posterior view of a left humerus from a young 
female from Egyptian Nubia (c. 1549–1069 BCE). (With 
permission from ArchaeoScience, Globe Institute, 
University of Copenhagen)

times, but at an earlier age. A study of compact 
femoral bones from Sudanese Nubia (CE 
350–550) found evidence of early-onset osteopo-
rosis. Factors contributing to this condition may 
include nutritional stress, heavy workload, preg-
nancy, and lactation [11]. Several healed frac-
tures of the humerus have survived. Figure  5.1 
shows a healed segmental fracture of the humerus. 
Medial translation of the humeral shaft has 
caused a marked valgus deformity of the humeral 
neck. The shaft fracture has healed with good 
alignment. Both fractures show complete union 
and remodeling, suggesting long survival. 
Figure 5.2 is a healed two-part fracture of the sur-
gical neck. Medial translation of the humeral 
shaft has caused a severe valgus deformity. The 
completely consolidated fracture complex sug-
gests the patient survived long after the injury. 
We have no archaeological evidence of the treat-
ment provided.

5.4	� The Hippocratic Corpus

The primary source for managing shoulder frac-
tures in ancient Greece was the book De Fracturis 
(c. 415 BCE) in the Hippocratic corpus [13]. The 
book provided a thorough description of the 
reduction maneuver, bandaging, and subsequent 
splinting—an approach recommended with only 
minor modifications for over 2000  years. The 
effectiveness of the Hippocratic method was not 
questioned until the late eighteenth century (at 
least not by the learned medical community). 
During the Renaissance, surgical books included 
illustrations of the Hippocratic reduction maneu-
ver. These illustrations remained consistent, 
changing only in the clothing depicted and the 
graphic style [14, 15].

The basic principle was forceful traction and 
countertraction (Fig. 5.3). The patient was seated 
on a high stool with a wooden rod like a spade 
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Fig. 5.3  The Hippocratic maneuver to reduce fractures of 
the humerus. (Reprinted from Littré [16])

handle under the armpit. The rod was fastened on 
both ends to the roof. One or two leather pillows 
were placed under the forearm with the arm bent 
at a right angle in the elbow. A broad shawl with 
a heavy weight was placed around the proximal 
forearm; alternatively, a strong assistant could 
apply the traction. The upper arm was extended 
forcefully during the procedure, and the practitio-
ner used their palms to reduce the fracture. After 
the reduction, a moderately tight bandage was 
applied; the bandage was to be changed every 
3  days. Instead of tightening the bandage, the 
practitioner should increase the number of ban-
dages to obtain fixation. On the seventh day, 
wooden splints were applied to the affected area 
(Fig. 5.4) [17]. The splints were adjusted every 
third day until union was achieved in the bones. 
With the arm resting in a sling, the expected heal-
ing time was 40 days. At this point, the tightness 
and the number of bandages were reduced.

The success of the Hippocratic treatment was 
evaluated based on residual swelling and strength. 
If the treatment was successful, the natural out-
ward inclination of the humerus was restored. In 
case the bone was not returned to its natural 
shape, compresses with multiple folds were to be 
placed on the inner side of the humerus, and 
moderate pressure was applied by a shawl around 
the chest and upper arm. It was essential to avoid 
inclining too far inward, however [13] (De 
Fracturis, VIII). The bandages were fastened 
with a wax known as cerate, which also helped to 
harden the cloth covering the entire upper arm. 
After 3 days, when the swelling had reduced, the 
arm was to be soaked in hot water before a new 
bandage was applied. After 7  days, the process 
was repeated, this time with the inclusion of 
wooden splints (Fig. 5.4). If the practitioner sus-
pected re-displacement halfway through the heal-
ing period, the fracture could be re-reduced and 
the splints reapplied. A strict diet was prescribed, 
including abstinence from solid food [13] (De 
Fracturis, XXXVI). Compound fractures of the 
humerus had a poor prognosis, regardless of 
whether they were reduced or not. If reduction by 
extension was attempted, and there was no over-
riding bone or retracted muscles, a lever com-
bined with extension could be considered a 
treatment option [13] (De Fracturis, XXXV).

Oribasius (CE 325–397) discussed the man-
agement of an injury with a dislocated shoulder 
and a concomitant humerus shaft fracture. His 
approach to this challenging injury differed to 
those of the physicians Pasicrates and Aristion of 
the Alexandrian School of Medicine (third cen-
tury BCE). Where Oribasius was worried about 
the status of the soft tissue around the fracture, 
Pasicrates focused on the joint and reduced the 
dislocation first; Aristion preferred to treat both 
injuries using the same procedure. Oribasius, con-
cerned about the re-dislocation of the humeral 
head during the fracture treatment, recommended 
reducing the dislocation before setting the frac-
ture by traction with a handle in the armpit to 
apply countertraction. The fracture treatment was 
subsequently conducted while the reduced shoul-
der was held in place [18] (Oribasii collectionum 
medicarum, XLIX). It was practically impossible 

5  Interventions for Shoulder Fractures from Ancient Egypt to the Eighteenth Century



53

a b c

Fig. 5.4  Application of bandages and splints in a frac-
ture of the humerus, according to Hippocrates; (a, b) 
the upper arm and shoulder were prepared with wax, 

and a moderately tight bandage of linen was applied; 
(c) wooden splints were applied on the seventh day 
[13]

Fig. 5.5  A fracture-dislocation with a concomitant 
humerus shaft fracture in an 84-year-old female. The han-
dling of this injury has been discussed since the 
Alexandrian School of Medicine in the third century 
BCE.  Example of modern operative treatment with a 
cemented total reverse shoulder arthroplasty with a long 
stem. Cerclage wires have been added to ensure the reduc-
tion of the shaft fracture. The patient obtained pain-free 
shoulder function below shoulder level. Pre- and postop-
erative radiographs

for the ancient practitioner to distinguish a simple 
dislocation complicated by a shaft fracture from a 
proximal humeral fracture-dislocation compli-
cated by a shaft fracture. In current clinical prac-
tice, humerus shaft fractures with accompanying 
fracture-dislocations are treated surgically and 
can be technically challenging (Fig. 5.5).

Celsus (25 BCE–50 CE) slightly modified the 
Hippocratic method of reduction. He observed 
that humerus fractures were often displaced, with 
no contact between the fragments. Crepitus 
occurs when the broken bones move against each 
other. When the fragments were in contact, they 
produced a sound, and a stabbing sensation could 
be felt under the fingers [19] (De Medicina, VIII). 
Reduction by extension was performed accord-
ing to Hippocrates, although six bandages were 
recommended instead of three. In cases with 
shortening of the humerus, Celsus recommended 
immediate extension to prevent inflammation, 
contraction, and swelling of the muscles; the 
same treatment was applicable for neglected 
cases. If the reduction and bandaging were suc-
cessful, the pain disappeared, and the two upper 
arms became equal in length. Six bandages 
soaked in liquid cerate should be applied after 
reduction. An extra layer of wool soaked in wine 
and oil should be used in compound fractures—
although nothing should be tight if gangrene 
were to be successfully prevented. On the third 
day, the bandages were changed. On every occa-
sion the skin was uncovered, it was to be fomented 

with hot water. After 7 or 9 days, the fracture was 
to be manipulated again if there was deviation in 
the upper arm. Wooden splints were applied over 
the bandage; the strongest splints were to be 
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arranged over the side that tends to deviate, usu-
ally on the lateral side; the shortest splint was 
used in the armpit, and every third day, the straps 
holding the splints were to be tightened. In proxi-
mal humerus fractures, the bandages were to be 
long enough to stretch under the opposite armpit. 
The forearm was rested in a sling to immobilize 
the extremity.

5.5	� Galen’s Commentaries 
to Hippocrates

Galen (129–c. 215) provided extensive commen-
taries and amendments to the Hippocratic book 
on fractures. Galen’s writings offer valuable 
insight into the ancient thinking concerning the 
treatment of proximal humerus fractures, which 
aimed to achieve the correct (Latin: justum) posi-
tion of the extremity. This was achieved when the 
elbow was at a right angle. When performing the 
reduction maneuver (Fig. 5.3), Galen commented 
on the position of the patient and practitioner, 
with a focus on the practitioner’s convenience: 
the patient should be placed, he suggested, so that 
they could hardly sit, permitting greater counter 
extension. Galen recommended the use of iron, 
bronze, or lead as weights fastened to broad 
straps around the distal part of the humerus. The 
procedure involved extending (Latin: extensio) 
and reducing (Latin: compositio) to bring the 
broken and displaced bones together. The mus-
cles surrounding the broken humerus would 
decrease in size during bandaging. When atrophy 
was observed, the arm was ready for splinting. 
Galen repeated the Hippocratic healing time of 
40 days, adding that it was expected to be slower 
in a large humerus. In cases where the outward 
convexity needed correction, broad strips should 
be applied around the chest. Pressure should then 
be applied to restore the natural configuration. A 
roller was placed between the elbow and the 
chest to restore the anatomy [20] (Opera Omnia, 
XVIII) (Fig. 5.6).

The Byzantine writer Paul of Aegina (c. 
625–690) recommended immediate splinting 
after applying six bandages on the waxed arm: 
“After the bandaging, the moderns immediately 

apply splints, in order to preserve the bones 
which have been set in their proper place” [22] 
(Epitome VI). The reduction was performed as 
set out by Hippocrates. If the fracture involved 
the upper arm, the bandage was to be wrapped 
around the acromion, scapula, and sternum, 
extending—not too tightly—down to the elbow. 
The arm was to be gently secured to the chest. 
When using splints, it was important to wrap 
them with wool or flax, and to avoid placing them 
directly on the joint, to better prevent ulcers and 
inflammation of the tendons.

5.6	� Medieval Treatments

From the fall of the Roman Empire to the late 
nineteenth century, the Hippocratic mode of 
reduction remained remarkably consistent. The 
composition of the adjuvant substances in the 
bandages and the preparation of the splints were 
altered slightly. The Andalucian surgeon 
Albucasis (936–1013) used plasters of egg white 
and mill dust. He differed from his antecedents 
by bandaging the hand to the opposite shoulder 
(Fig.  5.7). If the fracture was “ugly and con-

Fig. 5.6  Renaissance interpretation of Galenic bandag-
ing. A valgus pressure was applied to correct the defor-
mity of a broken humerus [21]. (Reproduced with 
permission of the Bibliothèque nationale de France. Any 
commercial reuse requires authorization from the 
Bibliothèque nationale de France)
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Fig. 5.7  The method of bandaging as described by the 
Arab medieval writers. Interpreted from Albucasis [24]

tused,” up to 2  months in the bandage were 
required for it to heal. An armamentarium con-
sisting of a saw, osteotome, and bone elevator 
was recommended by Albucasis for compound 
fractures when bone fragments needed to be 
removed. Bloodletting was performed immedi-
ately after the injury. The Persian writer Avicenna 
(980–1037) advised fixing the broken arm to the 
thorax. The bandages were soaked in water and 
vinegar; the splints were infused with pomegran-
ate, oleander, and alcanna.

The Arab writers introduced technical surgical 
literature—but it is unclear whether the operations 
and instruments described in the literature were 
ever performed and, if they were, whether any 
patients survived. In the twelfth century, Roger 
Frugard of Parma discussed the issue of malunion 
of the humerus. The humerus should be refrac-
tured, he suggested, if the fracture did not heal after 
3 or 4 months. Henri de Mondeville (c. 1260–1320), 

meanwhile, emphasized the comfort of the patient: 
“Set the bone as gently and as possible with deli-
cate manipulations to minimize the pain” [23].

The Italian surgeon William of Saliceto 
(1210–1277) proposed bone splinters be removed 
from compound fractures with the use of probes 
and fingers, supporting his stance by citing 
Hippocratic humoral pathology: “Pay no attention 
to what some surgeons say, that the patient will die 
or that the fracture will not heal if you remove 
some marrow. They are wrong. The marrow is 
formed from the viscous and moist humors, the 
same as those which participate in the repair of 
bones, just as flesh forms from blood” [25] (p. 156).

5.7	� Renaissance Surgery

Between the thirteenth and eighteenth centuries, 
a distinction was drawn between surgery and the 
practice of learned medicine. Doctors were 
graded by universities, and surgical texts were 
written in Latin. The practice of surgery, consid-
ered less exclusive, was typically performed by 
barbers. To regulate their practice, guilds of bar-
ber surgeons were established, responsible for 
bloodletting, tooth extraction, cutting boils, and 
possibly bonesetting (Fig. 5.8).

During the Renaissance period, two pioneers in 
the field of anatomy, Leonardo da Vinci 
(1452–1519) and Vesalius (1514–1564), made 
substantial contributions to the study of normal 
shoulder anatomy (Chap. 4). Despite their work, 
however, the traditional Hippocratic method of 
treating shoulder fractures continued to be used by 
Renaissance surgeons. Ambroise Paré (1510–1590) 
recommended forceful traction for such injuries; if 
the patient had a strong body, he advised, the arm 
should be extended as much as possible.

An illustrated textbook on ancient surgery, 
Chirurgia e Graeco in Latinum conversa [26], 
was published by Vidus Vidius (1500–1569) in 
1544. Vidius translated the works of Hippocrates, 
Galen, and Oribasius into Renaissance Latin. He 
also added his comments to Apollonius of Kitium 
(first century BCE), Galen, and Oribasius. The 
illustrations in his translations, probably created 
by the Renaissance artist Primaticcio 
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Fig. 5.8  In the barber-surgeon’s shop. Gerrit Lundens 
(1622–1686). Oil on wood. Kunstsammlung der Georg-
August-Universität Göttingen, Photo: Birgit Arnu. 
(Reproduced with permission of the University of 
Göttingen. Any commercial reuse requires authorization 
from the University of Göttingen)

(1504–1579), interpreted Hippocrates’s machines 
for reducing fractures and dislocations. Vidius 
heavily relied on Hippocrates’s methods for treat-
ing humerus fractures and detailed the steps 
involved in reduction and bandaging.

During the seventeenth century, the study of 
human anatomy became part of the university cur-
riculum for physicians and surgeons. While the 
guilds of barber surgeons remained responsible for 
handling daily surgical issues, there is limited docu-
mentation of their methods. The new anatomical 
knowledge gained by Renaissance anatomists was 
not readily integrated into learned medicine. 
Numerous interpretations of the reduction and ban-
daging from Hippocrates and Galen suggest that the 
influence of the anatomists was limited. In the early 
eighteenth century, humerus fractures were included 
in the textbooks of several surgeons. Jean-Louis 
Petit (1674–1750) and Lorenz Heister (1686–1758) 
differentiated between humeral neck fractures and 
humerus shaft fractures. Although they provided 
detailed information on the application of bandages 
and traction, they did not add much to the 
Hippocratic reduction [15]. A decisive change in the 
treatment of humerus fractures arrived with the 
works of Pierre-Joseph Desault (1744–1795).

5.8	� The End of the Hippocratic 
Legacy

Desault questioned the Hippocratic method of 
extension, claiming it to be inadequate—in fact, 
he asserted, it led to considerable damage. His 
argument was based on the biomechanics of the 
superficial muscles surrounding the shoulder. 
When the Hippocratic length of wood was placed 
in the axilla to apply counter-extension, the pec-
toralis major, latissimus dorsi, and teres major 
muscles were all pulled upward, resulting in the 
same direction of movement of the shaft frag-
ment. The extension machines proposed by 
Hippocrates “were entirely useless, in as much as 
they were intended only to increase the natural 
powers of the operator, which are already more 
than sufficient of themselves” [27] (p. 76).

Desault developed a new and gentler method 
for reduction. The procedure involved the patient 
sitting on a chair or on the side of the bed with 
their arm slightly flexed and abducted. An assis-
tant would pull the arm on the unaffected side 
while another would extend the semi-flexed fore-
arm to relax the muscles. The surgeon would then 
apply gentle pressure according to the direction of 
the displacement to finalize the reduction and 
ensure the fragments were correctly positioned. 
Desault proposed applying a three-layer bandage 
to maintain the reduction (Fig. 5.9). The rationale 
was that the muscles acted on the fragments: the 
pectoralis major, latissimus dorsi, and teres major 
pulled the shaft inward, while the deltoid muscle 
pulled it outward; when all the muscles contract, 
they slightly raise the shaft. The weight of the 
relaxed arm was almost enough to counteract this 
upward movement.

Desault criticized the ancient practice of apply-
ing bandages with bolsters, forcing the lower 
fragment outward, wondering why his contempo-
raries were still performing the harmful treatment 
at all. He developed a bandage consisting of two 
rollers, three splints, and a small bolster of linen 
reaching from the armpit to the elbow (Fig. 5.9). 
A bandage was used to maintain the extension of 
the arm. The surgeon applied additional rollers 
from the forearm to the armpit in oblique turns, 
alternating from one armpit to the other. A sling 
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Fig. 5.9  Desault’s 
three-layer bandage 
recommended for 
proximal humerus 
fractures [27]. (With 
permission from 
Wellcome Collection)

supported the forearm while the arm was pressed 
toward the trunk and fixed against a bolster serv-
ing as a fulcrum to prevent displacement inward. 
Slightly modified bandages were recommended 
for cases of external or longitudinal displacement. 
Desault criticized the ancient writers for seeking a 
prognosis through the injury’s relative proximity 
to the joint rather than seeking to improve the 
bandaging: “It is then, from the perfection of the 
apparatus, and not from the vicinity of the injury 
to a joint, that the prognosis is to be formed, both 
as to the consequences and to the duration of the 
fracture” [27] (p. 74).

The bandage recommended by Desault 
allowed the patient to get out of bed; returning to 

work after a shoulder fracture was a concern, 
even during Desault’s time. His pupil, Xavier 
Bichat (1771–1802) stated: “Desault has cured 
several patients, but more particularly two, who, 
being obliged to travel daily, did not, except on 
the day of the accident, deviate in any measure 
from their usual mode of life” [27] (p. 84).

5.9	� Perspectives

Treatments for shoulder fractures remained 
largely unchanged for two millennia. The stan-
dard treatment involved forceful extension using 
hands or instruments, followed by bandaging 
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with supportive linen until a stiffer bandage could 
be applied. It is unclear how much damage the 
traction treatments have caused the patients. 
Damage to the neurovascular structures in the 
axilla was not described until the eighteenth cen-
tury, but it may have been the consequence of 
heavy traction. The scarcity of human remains 
with fractures of the proximal humerus makes 
any definition of historical fracture populations 
difficult. High-energy trauma may have been 
relatively more common due to a younger popu-
lation and the frequency of war, while nutritional 
factors and bone weakness may have caused frac-
tures at a younger age. However, the most 
remarkable finding for a modern reader is the 
historical persistence of the practices recom-
mended. Like the practice of bloodletting, force-
ful traction was prescribed and probably used for 
more than two millennia to conform with the 
masters from antiquity. Despite the limited treat-
ment options from a modern perspective, there is 
a rich literature on surgeons blaming each other 
for misconduct (Chap. 17).
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6Pathoanatomical Conceptions 
of Shoulder Fractures 
in the Nineteenth Century

6.1	� Introduction

Much of the pathoanatomical knowledge of shoul-
der fractures acknowledged today was established 
some two centuries ago, almost a hundred years 
before radiological imaging [1]. From a modern 
orthopedic perspective, it would be unthinkable 
that fracture morphology might be determined 
from the surface anatomy, swelling, ecchymoses, 
crepitus, range of motion, pain localization, 
impaired function, and simple clinical tests. In the 
early nineteenth century, it became possible to per-
form careful dissections and compare autopsy 
findings with clinical history. The corpses avail-
able were either patients who died from other 
causes with fracture sequelae or acute fractures 
from lethal injuries. A small number of fracture 
specimens with specific fracture patterns were 
available for didactic purposes and were carefully 
referenced with respect to their owners. The most 
thorough studies on shoulder pathology were per-
formed in the first part of the nineteenth century, 
before major surgery was an option [2, 3].

6.2	� The French Pathoanatomical 
School

Paris was the center of pathological anatomy at 
the end of the eighteenth century. New knowl-
edge of injuries to bones and joints was obtained 
thanks to a reliable flow of corpses into the city’s 
hospitals. In some cases, the patient’s history or 

medical record was available; in others, the sur-
geon had treated the patient, who had agreed to 
donate the shoulder for scientific purposes on 
their decease. Most of the prominent pathological 
anatomists in the nineteenth century were also 
surgeons. It was common to publish case reports, 
including autopsy records and illustrations of the 
pathology. The images were often of high patho-
anatomical accuracy and artistic value.

Among the prominent surgeons in Paris were 
pupils of Pierre-Joseph Desault (Chap. 5): Alexis 
Boyer (1757–1833) and Guillaume Dupuytren 
(1777–1835). Like his master, Boyer gained his 
first surgical training with a local barber-surgeon. 
The author of an anatomical textbook in four vol-
umes and two books on surgical technique was 
appointed surgeon to Napoleon and the imperial 
family. His lectures Leçons sur les maladies des 
os were translated into English and published in 
1807 [4]. Boyer, relying on Desault’s biomechan-
ical reasoning, gave this thorough account of dis-
placement in surgical neck fractures:

Fractures of the neck of the humerus are always 
attended with derangement, which is produced by 
the action of the pectoralis major, latissimus dorsi, 
and teres major, which being attached to the lower 
portion near its superior extremity, draw it first 
inward and upward, in which last direction it is 
powerfully aided by the biceps, coraco-brachialis, 
and long portion of the biceps. The superior por-
tion itself is, in this case, directed a little outward 
by the action of the infraspinatus, supraspinatus, 
and teres minor, which make the head of the 
humerus perform a rotatory motion in the glenoid 
cavity [4]. (pp. 148–9)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93604-3_6&domain=pdf
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For Boyer, the poor prognosis for fractures 
near the joint resulted from false anchylosis—a 
particular risk in cases with swelling or insuffi-
cient bandaging. Therefore, the shoulder and 
elbow should be frequently moved during heal-
ing [4].

Surgeons of the early nineteenth century 
revived the ancient Alexandrian discussion on 
distinguishing shoulder dislocations from 
fracture-dislocations (Chap. 4). In his Leçons 
orales de clinique chirurgicale faites à l’Hôtel-
Dieu de Paris [5], Dupuytren distinguished the 
two injuries by trauma mechanism: if the arm 
was in a position of flexion or abduction in a fall, 
it would cause a dislocation. If the arm was close 
to the body, with the hand kept in the pocket, for 
example, a fall would cause a fracture. Dirt on the 
hand suggested a dislocation; if ecchymoses and 
excoriations were present, it pointed toward a 
fracture. In the rare cases of fracture-dislocations, 
nothing could be done. Although reduction could 
be provided, the correct diagnosis was still essen-
tial for applying the proper bandage. If the sur-
face anatomy could be restored, but the patient 
had a very swollen shoulder, it was likely a frac-
ture rather than a dislocation [5]—but if there 
was any uncertainty, a reduction could be 
attempted.

6.3	� Sir Astley Cooper

The nineteenth century saw several authors 
espousing therapeutic nihilism concerning treat-
ing fracture-dislocations. In A Treatise on 
Dislocations and on Fractures of the Joints from 
1842, the British surgeon Sir Astley Cooper 
(1768–1841) stated with resignation: “But let the 
surgeon do what he will, the head of the bone will 
probably remain in the axilla, and the upper 
motions of the arm will be in a considerable 
degree lost” [6] (p. 427).

Astley Cooper described his dissection of sev-
eral shoulders with fracture-dislocations. An 
anterior view of a right shoulder with sequelae 
from a fracture-dislocation is shown in Fig. 6.1. 
The patient had promised Cooper the dissection 
of his arm. An extract from the report illustrates 
his rigorous dissection and observation:

The supra-spinatus was somewhat lessened, as was 
the teres minor, which has lost much of its natural 
colour; the infra-spinatus was stretched; the sub-
scapularis, diminished and rounded by the projec-
tion of the head of the os humeri, adhered to its 
cartilaginous surface…the head of the os humeri 
had been thrown forwards on the inner side of the 
coracoid process, and had united by bone to the 
scapula…a new and very useful joint had been 
formed…The greater tubercle of the os humeri was 

Fig. 6.1  Dissection of a 
chronic fracture-
dislocation with 
retention of the humeral 
head in the axilla [6]. 
(With permission from 
Wellcome Collection)
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exceedingly increased, and the tendon of the biceps 
passed through the bone. The tubercles were sepa-
rated with the body of the bone, and not with the 
head [6]. (p. 419)

In another case of a fracture-dislocation, the 
tuberosities were fractured. The broken shaft was 
in contact with the glenoid cavity, and the head 
was firmly united with the scapula:

The tubercles of the neck of the os humeri were 
broken off with the head of the bone; and the frac-
tured extremity of the neck of the os humeri was 
placed in the glenoid cavity of the scapula. The 
underhand motion of the shoulder was restored; 
but the elevation of the bone, beyond a right angle, 
was strongly resisted and even with difficulty 
could be accomplished in the dead body [7]. 
(p. 275)

Astley Cooper suggested a classification of 
proximal humerus fractures based on autopsy 
findings [7] (p. 272). Three species of fractures 
were distinguished:

	1.	 Fracture-dislocations.
	2.	 Fractures of the anatomical neck and the 

tuberosities. It includes breaks in the epiphy-
sis in young people.

	3.	 Fractures below the articulation but above the 
insertion of the pectoralis major, latissimus 
dorsi, teres major, coracobrachialis, and del-
toid muscles. This is called the surgical neck.

Astley Cooper further proposed a simple clini-
cal test to distinguish fractures from dislocations 
(Fig.  6.2) [7]. The surgeon firmly grasped the 
head of the humerus with the fingers and rotated 
the humerus by the elbow. If the head followed 
the shaft, it was a dislocation. If the head did not 
move with the shaft, it was a fracture. While it 
has been challenging to diagnose fracture-
dislocations or impacted fractures by this method, 
it may nevertheless have been helpful in distin-
guishing a humeral neck fracture from a simple 
shoulder dislocation.

6.4	� Robert William Smith

The Irish surgeon and anatomist Robert William 
Smith (1807–1873) is best known for describing 
the eponymous fracture of the distal radius with 
volar displacement. Smith undertook a substantial 
number of autopsies and preserved specimens for 
didactic purposes. His work A treatise on frac-
tures in the vicinity of joints and on certain forms 
of accidental and congenital dislocations was 
published in 1847 and contained several dissec-
tions of shoulder fracture sequelae [9]. Smith was 
especially concerned with the deforming forces 
acting on different fracture patterns. He opposed 

Fig. 6.2  Astley Cooper’s test to distinguish fractures 
from dislocations [8]. (With permission from Wellcome 
Collection)

6.4  Robert William Smith
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Cooper’s assumption of a common pathology of 
the anatomical neck and the tuberosities:

The anatomist, however, is aware that the tubercles 
do not constitute any part of the anatomical neck of 
the humerus, a fracture through which, as already 
stated, is intracapsular and is characterized by 
symptoms totally different from those which attend 
fractures through the tuberosities, or through the 
line of the junction of the epiphysis with the shaft of 
the bone. In the latter, the deformity is consider-
able, in consequence of the lower fragment being 
drawn inwards by the muscles which constitute the 
fold of the axilla…counteracted by the supra-spina-
tus, infra-spinatus, and teres minor attached to the 
greater tubercle; the bone being thus placed 
between two opposing factors… [9] (p. 185)

Smith discussed the various patterns of impac-
tion in humeral neck fractures, highlighting the 
challenges in accurately diagnosing injuries of 
this kind. The length of the humerus did not 
change in impacted fractures. During clinical 
examination, the humeral head moved in line 
with the shaft; crepitus was not usually detect-
able, and there were no protruding bones or pal-
pable bone fragments in the axilla. Given that the 
fractures would heal with a certain amount of 
deformity, “the prudent surgeon will never omit 

to announce to the patient that a certain degree of 
impairment of the motions of the joint will be a 
permanent result of the injury” [9] (p. 191).

For Smith, the lack of nutrition to the articular 
fragment in displaced anatomical neck fractures 
was predictable given that “the superior fragment 
is cut off from all connection with surrounding 
tissue, it has no round ligament to conduct ves-
sels into it from above, it becomes, truly, a for-
eign body in the articulation, and would be likely 
to perish from want of nutrition” [9] (p. 189).

Robert William Smith presented a remarkable 
fracture morphology resembling a glenohumeral 
dislocation (Fig. 6.3). The acromion was promi-
nent; the deltoid was flattened; the arm was short-
ened, and the glenoid cavity could not be felt. By 
dissection,

…the head of the bone was found to have been 
separated from the shaft by a fracture, which tra-
versed the anatomical neck of the humerus. It was 
reversed in the articulation, so that the fractures 
surface was directed upwards toward the glenoid 
cavity, and the cartilaginous articulating surface 
thrown downwards toward the shaft, and having 
assumed this position, it was driven to a consider-
able distance into the cancellated structure between 
the tubercles [9]. (p. 194)

Fig. 6.3  Anatomical neck fracture. The articular surface 
is reversed and impacted into the shaft. Robert William 
Smith’s specimen from 1847 [9] and a radiograph of a 

comparable fracture anatomy in a 73-year-old female. The 
patient received a reverse total shoulder arthroplasty. 
(With permission from Wellcome Collection)
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Smith distinguished the anatomical neck from 
the epiphyseal lines. Regardless of tuberosity 
involvement, three levels of neck fractures should 
be distinguished: (1) fractures of the anatomical 
neck; (2) fractures at the epiphyseal line; and (3) 
surgical neck fractures. Impaction could appear 
within or outside the capsule. Impaction inside 
the capsule did not produce crepitus. The healing 
of fractures was supposed to derive from the 
lower fragment. Cartilage could not be expected 
to heal to bone [9].

6.5	� Joseph-Francois Malgaigne

The French surgeon and anatomist Joseph-
Francois Malgaigne (1806–1865) published sev-
eral specimens of proximal humerus pathology. 

In Fig. 6.4, a posterior incision was made through 
the capsule to demonstrate the pathoanatomy of 
an intracapsular fracture involving the anatomi-
cal neck and both tuberosities. The articular sur-
face points posteriorly due to rotational 
displacement. Like Astley Cooper, Malgaigne 
classified fractures into three groups based on 
anatomical segments and their relation to the cap-
sule, further noting that fractures could present in 
combinations.

Malgaigne carefully documented the patho-
logical changes in shoulder fractures in patients 
with poor bone stock. In the surgical neck frac-
ture shown in Fig.  6.5, the diaphysis was 
impacted into the cancellous bone of the humeral 
head in varus position. The diaphyseal cortical 
bone was thin.

Fig. 6.4  Posterior dissection of a left shoulder. The 
tuberosities were separated from the head and the shaft. 
The shaft was in contact with the glenoid cavity [10]. A 

three-dimensional CT reconstruction of comparable frac-
ture anatomy in a 77-year-old female. (With permission 
from Wellcome Collection)
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Fig. 6.5  Healed extracapsular fracture (surgical neck) 
with marked displacement. The head and tuberosities 
were inclined downward. The dashed lines mark the ana-
tomical position of the head [10]. (With permission from 
Wellcome Collection)

Table 6.1  Classification of proximal humerus fractures 
by Ludwig Thudichum. Translated from [11]

1. Anatomical neck fracture
 �� (a) Intracapsular fracture without impaction
 ��    (i)  Intracapsular fracture
 ��    (ii) Intracapsular fracture-dislocation
 �� (b) Intracapsular fracture with impaction
 ��    (i)  Intracapsular fracture with impaction
 ��    (ii) �Intracapsular fracture with impaction and 

complicating tuberosity fracture
2. Fracture of the greater tuberosity
3. Fracture of the lesser tuberosity
4. Separation of the epiphysis from the shaft
 �� (a) Epiphysiolysis
 �� (b) Fracture involving the epiphyseal line
5. Surgical neck fracture
 �� (a) Extracapsular fracture without impaction
 ��    (i)  Extracapsular fracture
 ��    (ii) Extracapsular fracture-dislocation
6. Extracapsular fracture with impaction

Fig. 6.6  Fracture involving the epiphyseal line in a 
young person [11]. (With permission from Wellcome 
Collection)

6.6	� Ludwig Thudichum’s 
Pathoanatomical 
Classification

In 1851, the 22-year-old German physician 
Ludwig Thudichum (1829–1901) defended his 
doctoral thesis Ueber die am oberen Ende des 
Humerus vorkommenden Knochenbrüche [11]. 
In it, he reorganized the classification systems of 
the first half of the nineteenth century to make 
them more clinically useful (Table 6.1). Fractures 
were first classified according to the anatomical 
segments involved before the presence of impac-
tion or dislocation was specified. Epiphysiolyses 
were classified separately (Fig.  6.6). From a 
modern perspective, Thudichum’s synthesis of 
fracture classifications appears remarkably accu-
rate, lacking only a definition of displacement 
(found in the Neer classification) and a distinc-
tion between varus and valgus displacement 
(found in the AO classification). His dissertation 
was published almost half a century before radi-
ology enabled the imaging of fractures.

6.7	� Theodor Kocher

The last pre-radiological classification of shoul-
der fractures was proposed by the Swiss surgeon 
Emil Theodor Kocher (1841–1917). The first sur-

6  Pathoanatomical Conceptions of Shoulder Fractures in the Nineteenth Century
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geon to receive the Nobel Prize, Kocher gave a 
comprehensive account of proximal humerus 
fractures in his Beiträge zur Kenntniss einiger 
praktisch wichtiger Fracturformen [12] of 
1896—the same year Röntgen published On a 
New Kind of Rays [1]. Kocher combined the 
well-known pathoanatomical classification based 
on the fracture level with the pathophysiological 
findings from biomechanical studies. Figure 6.7 
and Table 6.2 define the most common pathoana-
tomical patterns presented by analogy with prox-
imal femur fractures.

Kocher performed numerous biomechanical 
studies by inflicting deforming forces on cadaver 
bones. Recording the fracture patterns caused by 
pressure or impact from above, below, outside, 
inside, abduction, adduction, flexion, and rota-

tion, he accounted for 14 typical patterns of prox-
imal humerus fractures; differences in the force 
applied, he noted, could bring about other variet-
ies of fracture patterns. Kocher distinguished 
abduction and adduction fractures according to 
the direction of displacement viewed from the 
anterior side. Figure 6.8 and Table 6.3 illustrate 
and define common patterns of infratubercular 
fractures.

If necrosis of the humeral head necessitated an 
operation, Kocher recommended the resection of 
intraarticular fragments in an aseptic procedure. 
In infratubercular fractures with severe displace-
ment, closed reduction was recommended. 
Difficulties in reducing displaced infratubercular 
fractures may be caused by the interposition of 
the biceps tendon (Fig. 6.9).

A great number of bandaging methods 
appeared in the course of the nineteenth century. 
Some were new; others were modifications of 
ancient techniques. The insights into pathoanat-
omy and pathophysiology led to the development 
of functional bandages such as abduction ban-
dages, bandages with permanent traction, and 
bandages with varus or valgus pressure. After 

Fig. 6.7  Comparative study of anatomical fracture patterns of the proximal humerus and the proximal femur [12]. 
(With permission from Wellcome Collection)

Table 6.2  Explanation of Fig. 6.7

Supratubercular fracture
1. Anatomical neck fracture (purely intracapsular)
Infratubercular fracture
2. �Pertubercular fracture (including epiphyseal fracture 

in young people)
3. Subtubercular fracture (surgical neck fracture)

6.7  Theodor Kocher
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Fig. 6.8  Infratubercular fractures as classified by Kocher. Interpretations by Kocher in Table 6.3. (With permission 
from Wellcome Collection)

Table 6.3  Explanation of Fig. 6.8

(a) Normal humerus
(b) Pertubercular fracture with impaction of the humeral head in adduction, anterior view
(c) Pertubercular fracture in adduction and extension. Anterior displacement of the shaft, medial view
(d) Pertubercular fracture in abduction. Anterior displacement of the shaft, anterior view
(e) Pertubercular fracture in extension. Anterior displacement of the shaft, lateral view
(f) Subtubercular fracture in abduction. Anterior impaction, anterior view
(g) Subtubercular fracture in abduction. Anterior displacement of the shaft, anterior view
(h) Subtubercular fracture with impaction in adduction, anterior view
(i) Pertubercular Y-fracture with displacement in abduction. The anatomical neck is involved, anterior view
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Fig. 6.9  Entrapment of the biceps tendon in a displaced 
pertubercular fracture [12]. (With permission from 
Wellcome Collection)

Antonius Mathijsen’s introduction of plaster of 
Paris in 1852 [13], the method was incorporated 
into bandages such as hanging casts and casts to 
immobilize both the shoulder and the elbow 
joints. I have reviewed nineteenth-century ban-
daging elsewhere [3].

6.8	� Perspectives

The pathoanatomical studies conducted in 
the first half of the nineteenth century brought 
about a shift in the understanding of bone 
pathology. These studies allowed for comparing 
patient history, clinical findings in vivo, and the 
corresponding pathological changes. The inter-
val between the occurrence of an injury and the 
appearance of pathological findings explains 
why most preserved specimens are of healed 
fractures found in patients who died from other 
causes. The interpretation of pathoanatomical 
studies from the nineteenth century has limita-
tions. Many practitioners were illiterate and 
may not have followed learned medicine, while 
written sources and human remains document-
ing actual practice are lacking. Hospital surgery 
for shoulder fractures was then rare, and admis-
sion to the hospital was restricted. Surgeons 

gained new knowledge of pathological anatomy 
by dissecting corpses brought into hospitals. By 
the early twentieth century, the implementation 
of aseptic procedures and implants reached a 
level permitting surgery for acute shoulder frac-
tures (Chap. 7).
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7Radiology and the Advent 
of Surgical Interventions 
for Shoulder Fractures

7.1	� Introduction

The speed at which radiology was adopted for the 
diagnosis of bone pathology and the planning of 
operative procedures on bones is astonishing. 
The new technique was announced in January 
1896 by the German physicist Wilhelm Conrad 
Röntgen (1845–1923) [1]. The first papers on the 
clinical use of radiographs appeared later in the 
same year. One of the pioneers in developing and 
implementing the new technology was the 
Boston-based physician Ernest Amory Codman 
(1869–1940). Codman, whose seminal works on 
the shoulder will occupy a considerable part of 
this chapter, made an unsurpassed contribution to 
shoulder surgery—but he was much more than a 
surgeon who operated on shoulders. He gradu-
ated from Harvard Medical School and began to 
practice in 1895, almost coincident with 
Röntgen’s discovery. Codman was a medical 
polymath who advocated systematic outcome 
data collection to improve patient care—the end 
result idea, centered on the proposal that every 
patient treated at a hospital should have the even-
tual outcome of their treatment registered and 
published. It was an idea that made enemies of 
certain of his colleagues, who feared for their 
professional integrity. The many facets of Ernest 
Codman’s life and work have been described in 
the biography Ernest Amory Codman: The End 
Result of a Life in Medicine by Bill Mallon [2]. 
Codman contributed substantially to medicine in 
several ways. With Harvey Cushing, he intro-

duced “ether charts” to monitor the anesthetized 
patient; as a general surgeon, he improved the 
treatment of duodenal ulcers; he studied bone 
sarcoma, both proposed classifications, and 
established the first register of bone sarcoma. He 
also wrote The Shoulder, the first monograph on 
shoulder surgery. In this chapter, I will focus on 
the aspects of Codman’s work relevant to his 
rethinking of shoulder fractures.

7.2	� Skeletal Radiology

Codman’s contribution to skeletal radiology is 
less known than his contribution to shoulder sur-
gery. The contributions were, however, inter-
twined. Today, fracture surgery would be 
unthinkable without preoperative radiographic 
assessment and planning. From 1896, Codman 
worked hard to map the skeleton’s normal anat-
omy, performing countless radiographs on cadav-
ers. In 1898, he succeeded in presenting his first 
work on skeletal radiology [3], which included 
an atlas of the radiological changes in the wrist in 
different positions. Radiographs at that time were 
termed skiagrams (shadow writing), referring to 
the picture created by the shadow of the bone. 
Codman became one of the first skiagraphers.

Codman contributed the chapter The Röntgen 
ray and its relation to Fractures to Charles Locke 
Scudder’s textbook The Treatment of Fractures, 
first published in 1900 [4]. From it, the reader 
gains a clear impression of Codman’s excitement 
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about the accurate and reliable information to be 
gained from applying the new technology to 
shoulder pathology in a clinical setting:

Fractures of the shoulder joint are often impossible 
to recognize without the X-ray, particularly in 
those cases where the swelling and effusion about 
the joint prevent manipulation. Fractures of the 
tuberosities of the humerus, of the surgical and 
anatomical neck, can be differentiated with great 
certainty. … Separation of the tuberosities we now 
found is a much more common accident than we 
supposed [4] (pp. 433–4).

At the turn of the century, the broad implica-
tions of the new technology became increasingly 
clear to surgeons. In 1900, in the preface to the first 
edition of his textbook, Scudder summarized the 
unique situation: “The final results after the open 
incision of closed fractures emphasize the fact that 
anesthesia, antisepsis, and the Röntgen ray are 
making the knowledge of fractures more exact, 
and their treatment less complicated” [4] (p. 9).

Open surgery on closed fractures, this is to say, 
was now viable. In a paper in The Johns Hopkins 
Hospital Bulletin from 1903, Codman argues for 
the use of radiography in fracture treatment, refer-
ring to the instant benefits to the patient and con-
cluding that: “It is not fair to the patient to learn 
fracture pathology in the old way” [5] (p. 121).

In preoperative planning, Codman recom-
mended radiography before the application of 
paddings and splints and adding a second series 
after the application. Although a pioneer in early 
radiology, Codman identified himself as a sur-
geon: “What I am to say to you tonight, [on the 
use of X-rays in surgery] therefore, I will trust 
you will take as from a surgeon rather than from 
an X-ray specialist. I hope that it is because I am 
a surgeon that I have the honor of speaking to you 
on the X-ray” [5] (p. 120).

7.3	� The Short Rotators 
and the Subacromial Bursa

From 1896 to 1899, Codman dissected shoulders in 
the anatomy department, with a particular focus on 
the subacromial bursa, which had captured his 
interest during a visit to Vienna in 1892–1893. His 
first publication on the shoulder pathology appeared 

in 1904 and discussed the condition of periarthritis, 
a condition which would likely be termed subacro-
mial pain, subacromial bursitis, or rotator cuff syn-
drome today. Viewed from the perspective of the 
subacromial bursa, Codman described four types 
of bursitis: an acute and a chronic type, a type we 
would probably call periarthrosis humeroscapu-
laris or frozen shoulder today, and finally, the com-
plete rotator cuff tear. In 1908, Codman elaborated 
on the clinical condition of subacromial bursitis. 
He described the clinical finding we term painful 
arc in everyday clinics. He also described the typi-
cal 2-year duration of periarthrosis humeroscapu-
laris. Codman reported two cases of rotator cuff 
repair performed in 1909 and 1911 [6].

Codman defined the role of the subacromial 
bursa in abduction when the humeral head with 
the greater tuberosity needs to pass under the 
acromion process. He described the narrow sub-
acromial space and the role played by the bursa in 
abduction: “How could this occur unless a joint 
existed between these two bones, for if there 
were no joint or bursa there, the greater tuberos-
ity would carry its roof of deltoid muscle in under 
the acromion and pinch it” [7] (p. 613).

Codman returned to subacromial impingement 
in 1934, a condition arising in fracture cases where 
the supraspinatus tendon and the attached bone are 
pulled into the subacromial space: “In some cases, 
the fragment having been pulled by the supraspi-
natus too far under the acromion causes a decided 
obstacle because in abduction it impinges between 
the humeral head and the acromion” [8] (p. 320).

Between 1912 and 1926, Codman worked pri-
marily on implementing his end result idea. From 
1927, he prepared his iconic book The Shoulder 
[8]. The book, privately published in 1934, was a 
comprehensive collection of Codman’s insights 
into both academic and practical aspects of shoul-
der surgery. For this chapter, I will concentrate on 
the sections of his book that discuss proximal 
humerus fractures.

7.4	� Codman on Fractures

Codman’s approach to these fractures differed 
from that found in contemporary textbooks. From 
the perspective of a modern reader (as it perhaps 
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was in Codman’s time), browsing the book may 
be disappointing; this is not a manual on the diag-
nosis, treatment, and prognosis of a broken bone. 
His primary interest was the subacromial bursa 
and the supraspinatus tendon—a perspective is 
hinted at by the title The Shoulder: Rupture of the 
Supraspinatus Tendon and Other Lesions In or 
About The Subacromial Bursa.

It is remarkable in studying the literature of frac-
tures in the upper end of the humerus to find how 
little detail is given to the probable relations the 
muscles and bursae bear to the fragments. Few 
authors even mention the subacromial bursa in this 
connection, and many do not even mention the ten-
dons of the short rotators [8] (p. 328).

The fracture anatomy and the displacement of 
the bony parts were viewed from a soft tissue per-
spective. Fractures were included if related to the 
bursae or tendons of the functional unit of the 
small rotators (the rotator cuff): “I do not intend 
to describe in detail the diagnosis or treatment of 
fractures about the shoulder, but to state briefly 
certain points which are suggested from a study 
of the bursa and tendons, and their probable rela-
tions to the fragments in the various types of bone 
injury” [8] (p. 313).

Chapter 9 in Codman’s book, “The Role of the 
Supraspinatus in Dislocations and Fractures of 
the Shoulder Joint,” contained an account of the 
biomechanical mechanism behind dislocations 
and fractures viewed from the supraspinatus ten-
don. These occurred from the humeral shaft act-
ing as a lever with the acromion as a fulcrum; a 
proximal humerus fracture could appear when 
the fulcrum was stronger than the lever. The 
mechanism behind anterior dislocations could 
also lead to lesions of the bony part of the proxi-
mal humerus. The lesions included [8] (p. 278):

	1.	 Separation of the humeral epiphysis (in young 
people)

	2.	 Fracture of the surgical neck
	3.	 Fracture of the tuberosities
	4.	 Fracture of the anatomical neck
	5.	 Comminuted fractures in which the typical 

form consists of four fragments: the two 
tuberosities, the anatomical neck, and the 
shaft

Fractures of the tuberosities or rupture of the 
tendons could appear as complications to shoul-
der joint dislocations [8] (p. 286). Codman’s defi-
nition of a fracture-dislocation was basically: “If 
the articular head becomes free and remains dis-
placed, the injury is called a fracture-dislocation” 
[8] (p. 314).

A good outcome was more likely if the articu-
lar head were to remain between the tuberosities 
and the glenoid. Otherwise, the prognosis was 
uncertain, and the surgeon should be cautious in 
predicting the result: “…but if it [the humeral 
head] has escaped from the capsule there should 
be no delay in deciding between operation and a 
stiff shoulder. Social and general conditions 
determine this decision, and the surgeon cannot 
promise much” [8] (p. 323).

7.5	� The Four-Part Classification

Chapter 10, in Codman’s book “Fractures in 
Relation to the Subacromial Bursa,” contained 
Codman’s main contribution to proximal humerus 
fractures. Observing that fracture lines often fol-
low the old lines of the epiphyseal union, he 
noted that “the epiphyseal line is retained in adult 
life as a thin wedge-shaped subdivision, marking 
off the tuberosities and the anatomic head from 
the diaphysis … and the head of the bone tends to 
become divided into four main fragments, of var-
ious combinations of these four fragments” 
(Fig. 7.1) [8] (p. 314).

Codman classified fractures according to the 
parts involved, proposing possible combina-
tions—notwithstanding his confession that he 
had limited experience with some of the examples 
he gave. Fractures of the humerus generally had a 
good prognosis; he claimed: “There is one very 
striking thing about fractures, and that is that 
most cases eventually recover pretty good use of 
their shoulders in spite of any kind of treatment” 
[8] (p. 331). The worst prognosis was given to a 
rupture of the supraspinatus tendon close to the 
insertion at the greater tuberosity—without osse-
ous involvement, this injury posed a severe prob-
lem to the surgeon. The joint fluid could pass 
freely into the bursa, and the lesion would never 

7.5  The Four-Part Classification



74

heal; disability and pain would persist on account 
of the friction. Most extracapsular fractures 
united readily because of the contact between the 
raw bony parts and the absence of joint fluid.

Codman had a particular interest in depres-
sion fractures of the greater tuberosity. These 

injuries involved the supraspinatus tendon, and 
the biceps tendon, held toward the shaft by the 
pectoralis major, was often entrapped (Fig. 7.2). 
While these injuries look trivial and inconspicu-
ous on radiographs, they are disabling fractures 
with a worse prognosis than surgical neck frac-
tures: after 3–6  months, it was an injury that 
“causes incapacity because the callus about the 
fragment impinges on the acromion as the arm 
is raised” [8] (p. 327). This fracture pattern was 
not accessible for surgery: “Even if you could 
raise the depressed fragment, the callus would 
impinge even more on the acromion” [8] 
(p. 327).

According to Codman, the fragments of the 
tuberosities usually remained in a state reflect-
ing their original continuity. The musculotendi-
nous cuff and the capsule held together the four 
parts, merging with the periosteum of the proxi-
mal humerus. In surgical neck fractures, the 
intracapsular structures were undamaged except 
for substantially displaced fractures or in 
neglected cases of anchylosis. The bursa was 
directly implicated in intracapsular fractures 
and might fill with blood [8]. The articular sur-
face could escape, while the tuberosities 
attached to the short rotators did not tend to 
escape. In complicated cases, the subdeltoid 
portion of the bursa was often damaged. Codman 
stressed that healing of bone and tendons could 
not be expected with joint fluid present between 
the healing parts.

a b

c

d

Fig. 7.1  The four parts of the proximal humerus. Anterior 
view of a right humerus, (a) greater tuberosity, (b) lesser 
tuberosity, (c) humeral head with articular surface, (d) 
humeral shaft

Fig. 7.2  Depression fracture of the greater tuberosity 
with entrapment of the biceps tendon and leakage of 
joint fluid [8]. (With permission from Wellcome 
Collection). Comparable lesion in a 50-year-old female 

with a hairline fracture of the greater tuberosity but per-
sistent subacromial pain. An MRI scan after 5 months 
revealed delayed union and bone edema. The rotator 
cuff was intact
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7.6	� Early Surgical Interventions

The following section highlights operative inter-
ventions for shoulder fractures in the first decade 
of the twentieth century. Although it is not 
recorded if Codman operated on bone in shoulder 
fractures, the scene was certainly set for invasive 
procedures in closed shoulder fractures. In the 
1902 edition of Scudder’s textbook, Codman 
contributed the chapter On the Röntgen ray and 
its relation to fractures [9]. In the same book, 
Scudder presented a case with a silver wire fixa-
tion of a surgical neck fracture (Fig. 7.3).

The Belgian surgeon, instrument maker, and 
artist Albin Lambotte (1866–1956) was a pioneer 
in osteosynthesis. The term “osteosynthesis” 
appears in the title of his book L’intervention 
opératoire dans les fractures récentes et anci-
ennes envisagée particulièrement au point de vue 
de l’ostéo-synthèse avec la description de 
plusieurs techniques nouvelles in osteosynthesis 
[11], which included a collection of fracture 
cases treated operatively using internal fixation: 
he worked with various implants, including 
screws, plates, wires, staples, and nails (Fig. 7.4); 
in oblique fractures, screw and cerclage were 
combined (Fig.  7.5). Each case in the book is 
accompanied by sketches and patient informa-
tion, attesting to the care with which he planned 
his surgeries. Fifty of his surgical drawings have 

been published posthumously [12]. He also per-
formed osteotomy in malunited fractures of the 
proximal humerus. Lambotte relied on Kocher’s 
classification of shoulder fractures and used 
Kocher’s posterior approach to reduce 
fracture-dislocations.

The dispute between supporters of surgical 
and non-surgical treatment is by no means new. 
Should osteosynthesis only be offered in the 
event of failed nonoperative treatment, or should 
it be used as a primary treatment? The president 
of the British Orthopaedic Society, the Welsh sur-
geon Sir Robert Jones (1857–1933), commented 
on the euphoria accompanying the new surgical 
options in a presidential address in 1912:

I am, however, very confident that the question is 
not “Must we prepare ourselves to admit that pri-
mary operation is to become the recognized rou-
tine?” There are two very real questions  – first, 
“Can we improve our nonoperative technique so as 
to remove the discrepancies which are in some 
instances glaringly apparent?” and, secondly, “Can 
we lay down any laws to guide us when we ought 
to operate at once?” [14] (p. 1389)

Jones pointed toward the increasing challenge 
of fracture patients insisting on surgical treat-
ment. Importantly, he stated that the choice of a 
non-surgical solution was not evidence of neglect 
on the part of the treating surgeon: “The moment 
the public is brought to believe that a fracture 

Fig. 7.3  Early methods 
of internal fixation of 
surgical neck fractures 
with (a) silver wire [4] 
(p. 10) and (b) staples 
[10] (p. 99). (With 
permission from 
Wellcome Collection)
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Fig. 7.4  Early fixation methods with crampon, suture, and intramedullary screw [11] (pp. 81–2). (With permission 
from Wellcome Collection)

Fig. 7.5  Crossed screw osteosyntheses and combined cerclage and screw osteosynthesis in an oblique fracture [13] 
(p. 409–10). (With permission from Wellcome Collection)

which is not operated upon is evidence of neglect, 
the peace of mind of the doctor is at an end” [14] 
(p.  1394). Non-surgical treatment was recom-
mended unless there was extreme deformity:

In fractures through the anatomical neck it is never 
necessary to do more than place the wrist in a sling 
and allow the arm to hang by the side. The same 
treatment may be employed in fracture of the sur-
gical neck when deformity is not extreme. The 
abducted position is best, however, when it has 
been necessary to correct extreme deformity by 
extension in the abducted plane. Passive movement 
should not be begun too early-certainly not before 
the fourth week [14] (p. 1393).

I will conclude this brief overview of the 
early history of shoulder fracture surgery with 
Robert Jones’s commentary on the debate over 
whether surgical or non-surgical treatment was 
appropriate for fractures of the surgical neck. 
His statement, speaking from the past to the 
present, is astonishing in its freshness more 
than a century later: “Statistics do not seem to 
throw much light on the vexed question whether 
or not it is better to operate on fractures of the 
surgical neck of the humerus, for the percent-
age s of good results are nearly equal by each 
method” [14] (p. 1393).
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7.7	� Perspectives

Ernest Codman’s contribution to shoulder sur-
gery is not fully acknowledged. He was contro-
versial in his time for emphasizing the importance 
of systematic follow-up on all patients—a pro-
posal which, were it to be adopted, could lead to 
the early detection of unnecessary or harmful 
treatments in shoulder surgery, ultimately bene-
fiting both patients and society. Codman’s four-
part approach was originally not intended as a 
fracture classification; it began, rather, as an 
account of the biomechanics of rotator cuff 
pathology, including the fractured bony part 
attached to the tendons of the rotator cuff. His 
focus on greater tuberosity avulsions and depres-
sions, along with entrapment of the long tendon 
of the biceps and involvement of bursae and ten-
dons, may lead to a better understanding of the 
often-poor association between radiographs and 
clinical symptoms in this patient group. His soft 
tissue perspective on shoulder fractures may add 
a more functional approach to the strong focus on 
bone pathoanatomy in modern traumatology.
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8Why Do We Classify Shoulder 
Fractures?

8.1	� Introduction

Naming, describing, and classifying diseases and 
their symptoms have been integral to medicine 
since ancient times. Doctors and schools of medi-
cine have debated whether to describe symptoms 
or seek underlying causes since the Hippocratic 
writings (fifth and fourth century BCE). In this 
section, I will briefly present the classical discus-
sion that provides a conceptual framework for 
understanding aspects of classifying shoulder 
fractures.

The Cnidian School of Medicine, primarily 
known from commentaries in the Hippocratic 
corpus and the works of Galen, was founded in 
the ancient Greek city of Cnidus, on the west 
coast of what is today Turkey. It was known for 
its rivalry with the Coan School of Medicine on 
the Greek island of Cos, particularly in the field 
of disease classification. Although the theoretical 
differences between the two schools are indis-
tinct [1], their approaches to the classification of 
diseases are relatively clear and demonstrate a 
tension between the Coan School, which pre-
ferred to classify diseases broadly, and the 
Cnidian School, which preferred to classify them 
more precisely. For the writers of the Hippocratic 
texts, the nature of the disease should be under-
stood before any treatment could be considered. 
The morbid phenomena observed were used to 
determine the causes of the disease and to predict 
patient outcomes; the purpose of disease classifi-
cation was to most accurately determine the cor-

rect prognosis. The Cnidian doctors, on the 
contrary, focused on describing each case in its 
peculiarity.

In Regimen in Acute Diseases (III), the 
Hippocratic writer states that “though [the 
Cnidians] wished clearly to set forth the number 
of each kind of illness their account was incor-
rect. For the number will be almost incalculable 
if a patient’s disease be diagnosed as different 
whenever there is a difference in the symptoms, 
while a mere variety of name is supposed to con-
stitute a variety of the illness” [2].

Galen further referred to the Hippocratic criti-
cism of the Cnidians for their ignorance of the 
specific and generic differences between diseases 
[1]. The core question in the ancient discussion 
was whether morbid phenomena should be given 
in their specificity, remaining as disparate and 
individual cases, or grouped according to general 
principles.

In line with the Cnidian position, a detailed 
radiographic description can be more accurate 
than a classification using predefined categories 
when describing a shoulder fracture. In the con-
text of modern fracture classification, the core 
question is whether we should describe the indi-
vidual case thoroughly from imaging material or 
attempt to classify the fracture in a predefined 
category. The topic prompts philosophical con-
siderations questioning whether fractures can be 
held to be discrete categories, natural kinds wait-
ing to be discovered, and the possibility of arriv-
ing at such categories. Can a human construct 
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like a fracture classification reflect natural kinds 
to any degree, and do fracture categories have a 
distinct natural history?

The ensuing epistemological questions 
include whether we can know if we have arrived 
at such natural kinds and, if classification fails, 
whether the failure is due to human perception or 
inherent weaknesses in the classification. While 
it is impossible to deeply consider these philo-
sophical questions in this book, they will frame 
the discussion that follows below on the chal-
lenges of classifying shoulder fractures. Focusing 
on the desired properties of a fracture classifica-
tion in clinical practice and research, I will advo-
cate for an instrumentalist approach to 
classification, meaning that classifications are 
more or less useful depending on the specific 
activities and objectives of their use.

8.2	� Morphological Fracture 
Classification

Technical terms for upper arm fractures are found 
in the oldest known surgical text (Chap. 4). In the 
Hippocratic corpus, the author distinguished 
fractures of the metaphysis, the diaphysis, and 
the epiphysis of the humerus, aiming at an accu-
rate prognosis. Galen described the gross anat-
omy of the humeral neck and the epiphysis with 
the tuberosities as anatomical landmarks. In late 
Roman sources, distinct morphological patterns, 
including transverse, oblique, and overriding 
fractures, were distinguished. Specific prognoses 
were ascribed to the pathological categories. 
Pathoanatomical studies in the early nineteenth 
century brought more detailed fracture morphol-
ogy into the classifications (Chap. 6). In the mid-
nineteenth century, most categories found in the 
later Neer and AO classifications were already 
present in Thudichum’s pathoanatomical classifi-
cation [3]. By the end of the nineteenth century, 
biomechanical studies on cadaver bones brought 
a variety of new fracture species into the classifi-
cations [4]. Thus, the imaging-based classifica-
tion systems we use in clinical practice were 
established before Röntgen published On a New 
Kind of Rays in 1896 [5] (Chap. 7).

Fracture classification is based on fundamen-
tal assumptions about the categories included and 
their mutual ordering, although these assump-
tions are not always explicitly stated or reflected 
upon. Displacement can be considered a contin-
uum assessed from imaging or peroperative find-
ings. Fracture classifications convert continuous 
data into categorical data. For instance, displace-
ment can be defined as more than 1 cm between 
two or more of the four anatomical segments of 
the proximal humerus. The cutoff point used to 
distinguish between the two categories of dis-
placed versus minimally displaced fractures is 
arbitrary but still clinically useful, as patients in 
the minimally displaced category are not consid-
ered for surgery. The cutoff point of 1 cm of dis-
placement has been used for over 50  years for 
clinical and academic purposes, notably as a cri-
terion for surgical intervention; in this regard, 
however, no association with patient outcome has 
been demonstrated.

Fracture classifications are either categorical 
(nominal) or ordinal. Categorical classifications 
name a fracture morphology, while ordinal clas-
sifications order categories by severity. Severity 
can refer to the patient’s outcome or the expected 
difficulties encountered during surgery. The 
prognostic distance between categories may vary 
within a classification system. This violates the 
assumption that the classification system repre-
sents an interval scale with equal prognostic dis-
tance between each category. When validating 
fracture classifications, it is crucial to consider 
that not all steps between categories have equal 
clinical significance. As explained in Chap. 10, 
statistical methods can be used to adjust for the 
different distances between the categories.

In contrast with classification systems for 
fractures of other bones, most proximal humerus 
fracture classifications combine fracture dis-
placement and fracture parts when defining the 
categories. Classification involves a quantitative 
assessment of the displacement of fracture lines 
and a qualitative evaluation of the involvement of 
the tuberosities or the articular surface.

Our expectations about the prevalence of cer-
tain patterns affect our choice of categories. If we 
assume a particular fracture pattern to be 
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common, we tend to use the category more often. 
The reported prevalence of displaced fractures 
has varied widely in the epidemiological litera-
ture, ranging from 15% to 85% [6] (Chap. 2). 
However, the prevalence of 15% displaced frac-
tures, persistently reported in the literature, has 
not been found in any epidemiological study in 
the last 50 years. This both calls into question the 
usefulness of displacement as a criterion for sur-
gical intervention and calls for better studies of 
prevalences. Despite the lack of evidence-based 
cutoff values, focusing on the displacement of the 
four anatomical parts provides a convenient bio-
logical and biomechanical frame.

8.3	� Clinical Properties 
of a Fracture Classification 
System

A classification system for shoulder fractures 
should ideally meet the criteria outlined in 
Table 8.1. It should identify clinically meaning-
ful categories, guide treatment, and estimate the 
prognosis and risk of complications. The goal is 
to identify different fracture patterns relevant to 
specific interventions and enable comparison of 
outcomes of various interventions for each frac-
ture pattern. An ideal fracture classification 
should provide a unique treatment approach for 
each category to support clinical 
decision-making.

A fracture classification system should pos-
sess certain internal properties to be clinically 
useful. The classification should be exhaustive in 
that it should classify all fractures and be exclu-
sive—meaning that each fracture can be classi-
fied in only one distinct category. Further, it 
should be logically satisfactory and easy to 
remember. A comprehensive classification may 
meet coding and outcome analysis requirements 
but should not be too complicated to support clin-
ical decision-making.

A classification should further be validated 
according to therapeutic and prognostic rele-
vance and against other established classification 
systems. Ideally, it should be possible to translate 
between classifications for clinical and academic 

purposes (Chap. 10). A classification should be 
reliable in pointing out the relevant categories 
and be reproducible between and within observ-
ers using the instrument. It should distinguish 
fractures that require therapeutic approaches and 
estimate the patient’s prognosis.

8.4	� Implications of Radiology-
Based Classifications

The Neer classification (Fig. 9.4) [7] combines 
categorical and continuous data. The extent of 
displacement is first determined from continuous 
data and, if displaced, followed by an evaluation 
of the fracture configuration. This combined pro-
cess may affect the cognitive process of interpret-
ing an image and assigning it to a specific 
category. In fracture classification, the extent of 
long bone displacement is often considered to 
reflect injury severity and to predict the patient’s 
outcome. This has not been demonstrated for 

Table 8.1  A non-exhaustive list of desirable properties 
of a classification of shoulder fractures

Clinical properties Clinically meaningful
Guide treatment
Estimate prognosis
Predict specific complications
Logically satisfactory
Easy to remember

Communication Precise definitions
Enhance clinical communication
Translatable to other systems
Useful for didactic purposes
Suitable for databases
Suitable for research
Allow comparison between studies
Allow for pooling of data
Suitable for clinical audit
Quality assessment
Reimbursement

Internal properties Exhaustive
Exclusive
Reliable
Reproducible
Validated

“Natural history” A distinct natural history
Relate to etiology (mechanism)
Relate to morphology
Biomechanical meaningful

8.4  Implications of Radiology-Based Classifications
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shoulder fractures. The Neer classification was 
designed as an ordinal system to assign a worse 
prognosis to higher categories. It was also meant 
to distinguish between minimally displaced and 
displaced fractures to identify patients who 
would benefit from surgery. However, more cur-
rent studies have shown that displaced fractures 
are more common than previously expected, 
which could lead to unnecessary surgical proce-
dures based on the Neer classification.

Older people can usually tolerate considerable 
displacement of the surgical neck (Fig. 3.5), 
while a hairline fracture of the greater tuberosity 
can cause long-lasting subacromial pain in 
younger individuals (Fig. 7.2). Evaluating a 
radiograph with a ruler does not necessarily allow 
us to predict functional outcome or any associ-
ated soft tissue injury. In cases of a two-part ante-
rior fracture-dislocation after closed reduction 
(spontaneous or assisted), the radiographs may 
show a minimally displaced fracture with greater 
tuberosity appearing in the near anatomical posi-
tion. Extensive soft tissue damage, however, is 
present. The treatment prioritizes regaining sta-
bility. This injury can be understood as a gleno-
humeral dislocation accompanied by a total 
rotator cuff tear with a bony fragment attached. 
This view was proposed by Ernest A.  Codman 
(1869–1940), who provided the foundation for 
the Neer classification (Chap. 7). A shift toward 
an excessive focus on radiological bone morphol-
ogy later followed.

The extent to which the criterion of 1 cm of 
displacement within the Neer classification 
applies to the tuberosities is still uncertain. This 
uncertainty may also explain the various indica-
tions for surgical intervention for greater tuberos-
ity fractures in the literature. The deforming 
forces continuously act on the fractured parts, 
and the initial radiographs are snapshots of the 
deforming forces and the bone quality. Fracture 
morphology is subject to change post-injury, 
which can result in a shift in categories. For 
instance, a minimally displaced surgical neck 
fracture in osteoporotic bone can displace into a 
varus, or the humeral head can collapse, as shown 
in Fig. 1.3. This change does not necessarily war-
rant a change in treatment approach, however—

rather, a change in the classification category. 
Open reduction and internal fixation aim to 
reduce the displaced fracture into an anatomical 
(non-displaced) position and provide stable fixa-
tion. This procedure often fails in osteoporotic 
bone, resulting in a new pattern of displacement 
and failure of the osteosynthesis (Fig. 12.6).

The AO classification is another popular 
imaging-based classification used in clinical 
practice and research (Chap. 9). Of the system, 
one of the group’s co-founders, Maurice Müller 
(1918–2009), wrote: “A classification is useful 
only if it considers the severity of the bone lesion 
and serves as a basis for treatment and for evalu-
ation of the results” [8].

The AO classification system is an example of 
an ordinal and hierarchical classification. Triads 
divide the fractures into three types, with 9 groups 
and 27 subgroups. The severity of the injury is 
indicated in the diagram in Fig. 8.1. Setting out 
the ordinal reasoning behind the classification, 
the authors stated: “In the classification the nine 
groups are organized in order of increasing sever-
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Fig. 8.1  The general principle for classification of long 
bone fractures. The categories are ordered according to 
increasing severity [8]. (With permission from Springer 
Nature)
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ity, based on their morphological complexity, the 
difficulty of treatment and their prognosis. The 
order of the colors green, orange and red, as well 
as the increasing darkness of the arrows, indicate 
the increasing severity” [8].

The AO system classifies long bone fractures 
according to a generic classification and aims at 
a standard description for all fractures of the 
human skeleton. However, it became clear that 
certain anatomical regions, among them the 
proximal humerus, required unique and specific 
descriptions. Some aspects of the generic clas-
sification remained, such as the hierarchic tri-
ads. As discussed in Chap. 10, introducing 
advanced imaging technologies like CT, three-
dimensional CT, and three-dimensional printing 
models has resulted in new descriptions and 
classifications.

The AO classification was developed in the 
context of fracture management utilizing osteo-
synthesis. The classification focuses on varus and 
valgus malalignment, impaction, and metaphy-
seal comminution, highlighting the expected dif-
ficulties of open reduction and internal fixation. 
In joint replacement, fixation of the tuberosities 
to the humeral stem is a major concern for 
postoperative function, and the involvement of 
the tuberosities is included in the classification. 
In classifying shoulder fractures, several treat-
ment options may be relevant for a specific cate-
gory: for example, open reduction and internal 
fixation or non-surgical treatment in displaced 
surgical neck fractures. On the other hand, a par-
ticular treatment option can be relevant for sev-
eral categories: non-surgical treatment of two-, 
three-, and four-part fractures in older people, for 
example. Some categories only apply to specific 
surgical practices. Adopting evidence-based 
practices can necessitate modifications to the 
classification systems.

The alphanumerical construction of the AO 
classification with 27 subgroups translated into a 
five-digit code appears logically satisfactory in 
data collection, audit, and research but needs an 
abbreviation for clinical use. Developing a frac-
ture classification that can be used for clinical 
decision-making and research purposes is chal-
lenging. The AO classification system is often 

simplified to nine groups or three types. This 
results in losing information from a research per-
spective and makes comparisons between studies 
questionable (Chap. 10). Therefore, it has been 
suggested that every fracture should be classified 
into two separate systems: one for clinical use 
and one for research. However, this approach 
may represent an obstacle for clinicians in per-
forming clinical research.

8.5	� Telling a Fracture

A fracture classification system should facilitate 
communication between clinicians, researchers, 
and administrators. However, striking a balance 
between providing detailed information for 
research purposes, enabling effective communi-
cation between clinicians, and supporting the 
extraction of data for clinical audit or reimburse-
ment are challenging. In this section, I will dis-
cuss some didactic aspects of fracture 
communication.

New residents unfamiliar with the classifica-
tions given in textbooks usually learn about them 
in a clinical setting, where, typically, imaging 
material is presented during the morning rounds 
and a senior surgeon decides whether to operate 
on the patient based on their clinical experience. 
Afterward, a fracture category is assigned to the 
radiograph to justify the treatment decision and 
further guide the treatment and prognostics. 
Although textbooks and platforms recommended 
for residents are organized according to fracture 
categories, treatment decisions are not. 
Classifications developed to guide treatments are 
often used to justify a direction already taken. 
Applying a specific category to a case is a 
dynamic process that includes, among many fac-
tors, the experience and capability of the surgeon, 
as well as personal preferences, traditions, hard-
ware availability, costs, and industry recommen-
dations. Consider two examples of clinical 
reasoning with subsequent classification:

Example 1: “This fracture needs a prosthesis. It is 
severely displaced, and the bone quality is 
poor. I think it is a four-part fracture.”

8.5  Telling a Fracture



86

Example 2: “This is a perfect case for a locking 
plate. The fracture is unstable. The humeral 
head is intact, but there is metaphyseal com-
minution. It is an A3.3. Do we have the long 
plates in stock and a backup if conversion to a 
prosthesis is needed? I suspect several fracture 
lines extending to the humeral head. We may 
find a head-split.”

In a culture of acting, the immediate assign-
ment of a procedure to a radiograph is appreci-
ated. However, the value of senior surgeons’ 
prompt and confident statements about when a 
shoulder fracture needs surgery can be ques-
tioned. Current practice often overlooks that 
most displaced proximal humerus fractures can 
be treated non-surgically—but this decision 
requires knowledge of the last decade of clinical 
research. Surgeons unfamiliar with this evidence 
may rely on dogmas established half a century 
ago.

There is a risk of the patient getting lost in the 
classification. Important patient-related factors 
can disappear in our attempts to capture all infor-
mation in an image-based classification. Focusing 
solely on radiographic appearance and assigning 
an implant based on a radiographic pattern may 
not benefit the patient. Recent evidence is often 
neglected, and patient-related factors, including 
treatment preferences, are frequently overlooked. 
In most patients with shoulder fractures, the 
treatment can wait to allow for shared decision-
making in an outpatient setting after 1–2 weeks, 
when pain has diminished and the patient is ready 
to receive information about the benefits and 
harms of the treatment options. At this point, 
classification can be a valuable tool for treatment 
planning, whether surgical or non-surgical. Few 
shoulder fractures need acute intervention, with 
fracture-dislocations being the most prominent 
example.

8.6	� Philosophical Considerations

Indications for surgery drift with the ever-
changing preferences for procedures and 
implants. This drifting may challenge the 

assumption of fractures ordered in static catego-
ries. For example, the group of fractures not ame-
nable to surgery rapidly decreased with the 
introduction of locking plate technology. Moving 
from non-locking to locking plates can hardly be 
ascribed to changes in the properties of the frac-
tures. The similarities and differences in fracture 
classifications are bound to human abilities in 
handling morbid phenomena.

Does a classification category have a distinct 
underlying natural history, and how can we 
determine a match? On his classification, Neer 
stated in 2002: “A system has scientific validity if 
the categories within it have their own unique 
natural history, prognosis, and treatment require-
ments” [9].

How can we identify a mismatch when a clas-
sification is not working? The discussion can be 
interpreted as a variant of the discussion on taxo-
nomic realism regarding morbid phenomena. 
Does classification of morbid phenomena (in our 
case, fractures) seek to arrive at distinct entities 
(natural kinds) that exist regardless of our 
attempts to capture and classify them? If it does, 
a classification can be more or less accurate in 
pointing out any preexisting categories. This 
position conflicts with the dynamic view on clas-
sification as formed by changing surgical com-
munities set out above. It may also clash with 
arbitrarily set distinctions like converting contin-
uous data (displacement) into binary categories 
(displaced versus minimally displaced).

Constructivist medical philosophers have 
questioned the claim that classifications are static 
and ahistorical. The Polish microbiologist and 
philosopher of medicine Ludwik Fleck 
(1896–1961) proposed that we should understand 
medical taxonomy as a sociocultural phenome-
non belonging to a certain period, determining 
the selective attention and omissions necessary to 
establish categories [10]. From a constructivist 
perspective, it is not meaningful to debate 
whether classifications possess true categories 
with a distinct natural history. As the categories 
that make up a classification cannot be validated 
through observation and experimentation, they 
are better understood by comprehending their 
historical and sociocultural preconditions. I have 
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argued elsewhere that Fleck was convinced that it 
was possible to arrive at entirely different classi-
fications based on morbid phenomena [11, 12].

Fracture classifications are shaped by their 
sociocultural context. But the constructivist posi-
tion becomes rather radical when applied to clas-
sifying broken bones. Our experience and 
intuitions strongly support the idea that broken 
bones exist. Although the surgical neck is not a 
well-defined anatomical landmark, we agree that 
this is the most common fracture site. It is not a 
social construct that hits patients who suffer a 
shoulder fracture—but both their experience and 
the caregivers’ perceptions are tied to a certain 
context. Irrespective of the circumstances, a 
patient undergoing surgery based on a classifica-
tion assignment will experience the result of dis-
tinct binary decision-making and the process of 
an irreversible surgical procedure. A balanced 
perspective could acknowledge that some 
unknown categories may exist regardless of our 
perception or interpretation. However, it is chal-
lenging to differentiate between failures due to 
violating underlying categories and errors caused 
by observer variability, measurement errors, or 
other properties bound to the classification 
system.

8.7	� Perspectives

The connection between classification categories 
and treatment options is dynamic and bound to a 
particular surgical tradition. Although changes in 
classification are often linked to changes in treat-
ment options, this does not necessarily guarantee 
the classification’s relevance for the clinical out-
come. Identifying pathoanatomical details rele-
vant to operative planning of locking plate 
osteosynthesis seems less important if locking 
plates are not superior to non-surgical treatment, 
or even harmful. The increasing involvement of 
patient-related factors in clinical decision-making 
may also diminish the impact of classification as 
a tool for clinical decision-making. For decades, 
it was assumed in orthopedic practice that treat-
ment decisions could be meaningfully made 
exclusively from imaging material. In such a set-

ting, the choice of classification category played 
a pivotal role. In more recent orthopedic practice, 
numerous patient and surgeon-related factors are 
included in the treatment decision.

Implementing evidence-based guidelines for 
treating shoulder fractures is expected to reduce 
the number of surgeries required. Consequently, 
there may be a greater emphasis on identifying 
the specific categories where surgery is still jus-
tified and categorizing cases with different 
prognoses following non-surgical treatments. 
The development of new imaging techniques 
and models should be calibrated with the clini-
cal need for classification, and they should 
demonstrate value for decision-making and 
patient outcome before implementation. 
Imaging-based fracture classification is insuffi-
cient for high-quality clinical decision-making 
because it neglects important patient-related 
factors, including osteoporosis, comorbidity, 
history of falls, smoking, sarcopenia, and other 
factors essential for bone healing and rehabili-
tation. A decision-making process based solely 
on imaging fails to integrate the three crucial 
elements of evidence-based practice: the best 
evidence, clinical expertise, and patient prefer-
ences [13].
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9Imaging-Based Shoulder Fracture 
Classification Systems

9.1	� Introduction

Fracture classification systems are closely tied to 
a specific period and represent the interests and 
capabilities of the orthopedic community of their 
time. In the case of shoulder fractures, several 
classification systems have been developed in an 
attempt to create a comprehensive and definitive 
classification that surpasses all previous systems. 
We have learned from orthopedic history that this 
is unlikely to be achieved. However, some clas-
sification systems are more useful in clinical 
practice and research. This chapter discusses the 
two most commonly used classification systems, 
the Neer classification and the AO classification, 
within their historical contexts and outlines the 
main concerns associated with these 
classifications.

9.2	� Historical Context

In the 1940s, a notable shift in focus occurred 
when prominent surgeons began questioning the 
relevance of anatomical classification to the 
mechanism of injury. They suggested classifica-
tions that directly linked the trauma mechanism 
to the radiographic appearance. Ernst Dehne 

(1905–1983) proposed an etiological classifica-
tion that included three mechanisms of injury, 
namely, lateral, dorsal, and central, linking the 
mechanism of injury to pathoanatomy, radio-
graphic appearance, and clinical properties [1].

The mechanisms, thought to have distinct 
clinical implications, were diagnosed through 
specified radiographic views. Dehne argued 
that the anatomical classifications were limited 
because the cleavage line did not align with the 
anatomical landmarks. He proposed that cleav-
age lines were determined by the direction of 
the traumatizing force, thus permitting a more 
accurate classification [2]. Reginald Watson-
Jones (1902–1972) took this concept further, 
suggesting that the mechanism of injury could 
be inferred from the radiographic appearance. 
Consequently, he believed that anatomical clas-
sification had limited value in determining 
treatment for surgical neck fractures: “The cus-
tomary subdivision of fractures of the neck of 
the humerus … bears no relationship to the 
mechanism on injury, and is of no value in 
determining treatment” [3]. Watson-Jones dis-
tinguished three varieties of surgical neck frac-
tures: contusion crack fractures, impacted 
adduction fractures, and impacted abduction 
fractures.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93604-3_9&domain=pdf
https://doi.org/10.1007/978-3-031-93604-3_9#DOI
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Fig. 9.1  A chest-arm 
plaster applied with the 
shoulder in 60° of 
flexion to counter 
angular deformity 
caused by anterior 
translation of the 
humeral shaft [4]. (With 
permission from 
VISDA)

At that time, the treatment options included 
non-surgical treatment, closed reduction, intra-
medullary nail, or arthrodesis. Ingenious immo-
bilization regimens were developed to counter 
the mechanism of injury (Fig. 9.1).

Other classifications directly associated frac-
ture morphology with the direction of the fall [5].

Charles Neer (1917–2011) entered the schol-
arly discussion on shoulder fracture classification 
in 1953 by reporting 20 fracture-dislocations 
treated at the Columbia-Presbyterian Medical 
Center in New York between 1929 and 1952. He 
realized that the terminology was unclear, with 
poorly defined terms like fracture subluxation, 
abduction fracture-dislocation, and fracture with 
dislocation of the shaft. He aimed to correlate ter-
minology and pathology before going on to the 
details of treatment and results [6]. Neer adopted 
the four anatomical parts defined by Codman to 
account for the muscular forces acting on the 
fracture. He explained Codman’s framework for 
the mechanism of injury, where the humeral head 
was locked in a pivotal position against the acro-
mion (Chap. 7). Depending on the inflicting force 
and the quality of the bone, this mechanism led to 

a surgical neck fracture, a simple dislocation, or a 
fracture-dislocation. He also added that a sub-
stantial number of fractures might have been dis-
located but spontaneously reduced, leaving a 
major soft tissue injury.

Neer found humeral head resection to be the 
best treatment for unimpacted fracture-
dislocations. Alternatively, in cases with major 
injuries of the humeral head, he suggested that “a 
recently devised articular replacement currently 
being investigated” later known as the monob-
lock Neer hemiarthroplasty could be considered. 
Neer defined fracture-dislocations as fractures 
with the humeral neck outside the capsule. The 
dislocation could be anterior (subcoracoid) or 
posterior (subspinous). Anterior fracture-
dislocations were further divided into impacted 
and unimpacted [6].

In 1955, Neer published a paper on the indica-
tions for using his newly designed hemiarthro-
plasty in fractures. He emphasized that 
replacement surgery was only indicated in cases 
where resection was needed intraoperatively. In 
acute cases, a replacement could be used in only 
three situations: “fracture dislocation with extru-
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sion of the anatomic head; ‘impression’ fracture 
involving more than 50% of the articular surface; 
and ‘head-splitting’ fracture” [7].

Between 1953 and 1967, Neer gathered 
patient cases treated under anesthesia at his 
institution. He selected 300 cases with two 
radiographic views available (anterior-posterior 
and lateral) and correlated them with intraoper-
ative findings. This process revealed distinct 
anatomical categories, leading to a new classifi-
cation [8].

9.3	� The First Neer Classification 
(1970)

Neer developed his classification system in 
response to the inadequacy of existing systems in 
identifying fractures that required specific treat-
ment. Contemporary literature suffered from 
confused terminology and a lack of useful guide-
lines. Neer aimed to combine pathoanatomical 
patterns with biomechanics; most importantly, he 
introduced a definition of displacement. 
Displacement was present, he proposed, if there 
was more than 1  cm of displacement or 45° of 
angulation between two or more of Codman’s 
four parts. Interestingly, the arbitrary definition 
of displacement was not part of Neer’s original 
submission, being suggested by the editor of the 
Journal of Bone and Joint Surgery [9].

Previous anatomical classifications grouped 
fractures with different treatment requirements. 
With Neer, fractures were grouped based on dis-

placement. He abandoned terms like abduction 
fracture and adduction fracture because different 
radiological configurations could be obtained by 
rotating the arm. The displacement criteria 
allowed all minimally displaced fractures to be 
grouped together regardless of the fracture lines. 
Thus, fractures were initially divided into mini-
mally displaced and displaced.

Neer further considered the humeral head’s 
vascular supply, the articular surface condition, 
and traction from the muscles attached to the 
parts. Neer defined six groups in 1970 [8] (hori-
zontal rows I–VI in Fig. 9.2). Group I included 
all minimally displaced fractures, regardless of 
the fracture lines. Group II included displaced 
fractures of the anatomical neck. Group III 
included displaced fractures of the surgical neck, 
further divided into angulated, separated, or com-
minuted. Group IV consisted of displaced frac-
tures of the greater tuberosity without or with a 
humeral neck fracture, resulting in two-part or 
three-part fractures. Group V consisted of dis-
placed fractures of the lesser tuberosity with or 
without a humeral neck fracture, also resulting in 
two-part or three-part fractures. Groups IV and V 
merged into the displaced four-part fractures 
involving the humeral neck and both tuberosities. 
Group VI included fracture-dislocations further 
divided into anterior or posterior dislocations. 
Depending on the parts involved, they could 
appear as two-, three-, or four-part fractures. 
Group VI also included fractures of the articular 
surface, divided into impression or head-splitting 
fractures (Fig. 9.2).

9.3  The First Neer Classification (1970)
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Fig. 9.2  The first Neer classification from 1970 [8]. The groups (Roman numbers) were removed from the classifica-
tion in 1975 [10]. (With permission from Wolters Kluwer)
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9.4	� Early Criticism of the Neer 
Classification (1993)

The original Neer classification had some inher-
ent weaknesses. First, the 16 main fracture pat-
terns in the scheme were based on interpretations 
of anterior-posterior radiographs. Assessment of 
fracture angulation, however, includes lateral 
views. Second, whether the anatomical or surgi-
cal neck was involved in three- and four-part 
fractures was unclear. Third, the groups were not 
mutually exclusive, as four-part fractures could 
be classified as both group IV and V. Finally, the 
six groups were not logical and did not follow a 
prognostic order. For example, a displaced frac-
ture of the anatomical neck (Group II) was 
expected to have a worse prognosis than a dis-
placed surgical neck fracture (Group III) due to 
the risk of vascular compromise. In some cases, 
two-part anterior fracture-dislocations (Group 
VI) could be treated using closed methods and 
had a better prognosis than some four-part frac-
tures (Group IV/V). Neer recognized the limita-
tions of his grouping in his first classification 
system and simplified it in 1975 [10]. The six 
Roman numerals were removed, and the category 
definitions were restated to make the classifica-
tion easier to understand and remember. In a per-
sonal communication, he later emphasized that 
the classification was not intended for simple 
reading of radiographs; “the 4-segment classifi-
cation system has always used interpretative 
decision making to confirm the category of com-
plex and borderline cases and has not been based 
on x-rays alone” (C.S. Neer, Personal correspon-
dence with Stig Brorson, 8 May 2003).

It should be mentioned that groups have not 
been part of the Neer classification for 50 years. 
The continued use of Roman numerals and 
groups in clinical and research settings adds to 
the confusion.

A more substantial criticism of the Neer 
classification appeared in the Journal of Bone 
and Joint Surgery in 1993–1994. Two observer 
studies had been published demonstrating low 

agreement between and within observers using 
the Neer classification [11, 12]. An editorial by 
Albert H.  Burstein raised concerns about the 
classification, questioning its reliability in 
guiding treatment and prognostication due to 
this lack of agreement [13]. The criticism of the 
Neer classification as a poor tool caused a back-
lash from the surgical community. Three senior 
shoulder surgeons argued that the lack of agree-
ment may not always pose a clinical problem; 
not all fracture categories, they pointed out, 
were equally important, and therefore failing to 
distinguish between a two-part and a three-part 
fracture did not have the same clinical implica-
tions as failing to distinguish between a one-
part fracture and a four-part fracture [14]. They 
argued that reliability was not the only measure 
of the clinical value of a classification, men-
tioning the delicate balance between a more 
comprehensive scheme allowing for greater 
prognostic stratification at the price of more 
variability. Interestingly, they stated that: “The 
Neer classification is designed to be somewhat 
arbitrary, leaving some room for discussion 
about different fracture patterns and their 
appropriate treatment” [14].

In his reply to Burstein’s editorial, Charles 
Neer argued that the confusion had arisen due to 
the bad use of a good tool. He further stated that 
displacement was a continuum, and there would 
be situations where the actual condition of the 
humerus head could only be determined intraop-
eratively. For Neer and his colleagues, the lack of 
agreement rose from a want of experience: 
“However, as to those of us who actually treat 
these difficult displacements, surgeons who know 
the anatomy, muscle attachments, and blood sup-
ply of the shoulder can interpret the radiographs 
much better than inexperienced surgeons and 
most radiologists” [15].

The editor-in-chief backed Albert H. Burstein 
in replying that if only shoulder experts had the 
necessary skills to use the classification system,  
it would diminish its value to the point of  
uselessness [16].

9.4  Early Criticism of the Neer Classification (1993)
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9.5	� Neer’s Second Response 
to His Critics (2002)

In 2002, Neer published the review article “Four-
Segment Classification of Proximal Humeral 
Fractures: Purpose and Reliable Use,” summariz-
ing over 30 years of experience with his classifi-
cation. He addressed criticism, clarified the use 
of his classification, and made several adjust-
ments to the categories [9]. He justified the scien-
tific validity of the categories by referencing their 
unique natural history, prognosis, and treatment 
requirements. The anatomical accuracy was 
proven through clinical use and direct observa-
tions in the operating room. He explained incon-
sistencies in the use of the classification by 
attributing them to the quality of radiographs and 
inexperienced observers. It is not necessary to 
agree on the treatment, he stated; but if progress 
is to be made, we must agree on the pathoanat-
omy of the lesion. He maintained the 16 catego-
ries because “a classification causes confusion if 
there are too few or too many categories” [9].

He also mentioned the prognostic distinct 
subcategory of the four-part valgus-impacted 
fracture pattern described a few years earlier 
[17], explaining that four-part fractures repre-
sent a range of lateral displacement of the articu-
lar part of the humeral head, which is separated 

from the tuberosities and its blood supply. 
Therefore, the valgus-impacted four-part frac-
ture was seen as a borderline precursor to the 
four-part fracture described in the 1970 classifi-
cation system. The medial periosteum remains 
intact in this lesion, leaving the humeral head 
with a lesser risk of avascular necrosis. In 
Fig. 9.3, I have interpreted Neer’s suggestion on 
a continuum of lateral displacement. The four-
part family ranges from minimally displaced 
hairline fractures between the four anatomical 
parts to the four-part fracture-dislocation. Neer 
discussed whether the four-part fracture with lat-
eral displacement should be classified as a frac-
ture-dislocation or a four-part fracture. He stuck 
to the displaced four-part fracture. A prosthetic 
replacement was recommended if the head had 
lost its soft tissue attachments.

Neer further divided the two-part surgical 
neck fracture into three clinical types: impacted, 
unimpacted, and comminuted. Closed reduction 
with percutaneous pinning was the preferred 
treatment. He did not add to his previous expla-
nation of observer disagreement and ascribed low 
agreement to inexperienced observers or poor 
quality of radiographs (C.S. Neer, Personal cor-
respondence with Stig Brorson, 8 May 2003). 
Both assumptions were later questioned  
(Chap. 10).

Minimal displacement

Increasing displacement - increasing severity

Valgus-impaction Lateral displacement Fracture-dislocation,
anterior or posterior

Fig. 9.3  The four-part family interpreted from Neer [9]. The categories can be considered as dividing a continuum of 
displacement into ordinal categories

9  Imaging-Based Shoulder Fracture Classification Systems
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9.6	� The AO Classification System 
(1990, 2007, and 2018)

A globally accepted parallel to the Neer classi-
fication, the AO (Arbeitsgemeinschaft für 
Osteosynthesefragen) classification was pub-
lished in French in 1987 [18]. The English ver-
sion was first published in 1990 [19], with 
substantial revisions in 2007 [20] and 2018 

[21]. The AO classification is a morphological 
classification that adapted specific pathoana-
tomical patterns of the proximal humerus to the 
general AO classification system, which pro-
vides standardized definitions for long bone 
fractures. Fractures of the proximal humerus 
can be divided into three types, with 9 groups 
and 27 subgroups (Fig. 9.4). Fractures are clas-
sified by combining the part of the bone with 

a

a1 a2 a3

b1 b2 b3

c1 c2 c3

b

c

Fig. 9.4  The three types and nine groups of the proximal humerus, including the original description of the groups 
[19]. (With permission from Springer Nature)

9.6  The AO Classification System (1990, 2007, and 2018)
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Fig. 9.5  The structure of the five-digit coding within the AO classification system [22]. (Copyright by AO Foundation, 
Switzerland. With permission)

the specific fracture morphology. The fracture 
patterns are divided into hierarchical triads. For 
each fracture, three questions must be answered: 
which type, which group, and which subgroup. 
Once these questions are answered, the fracture 
can be coded according to a five-digit alphanu-
meric system that includes the name of the 
bone, part of the bone, type, group, and sub-
group. This system is illustrated in Fig. 9.5.

The AO classification was intended to be ordi-
nal, at least at the group level: “In the classifica-
tion, the 9 groups are organized in order of 
increasing severity, based on their morphological 
complexity, the difficulty of treatment, and their 
prognosis” [19].

The AO group originally developed the sys-
tem to document cases of surgical treatment in a 
unified way, starting in 1958. The classification 
provided a standardized language aiming at 
translating any verbal description into a five-digit 
code ready for documentation and research, thus 
allowing for multicenter collaboration, retrospec-
tive assessment of treatment outcome, and 
complications.

The AO classification, planned to be revised 
every 10  years, was unique in its capacity to 
respond to both criticism and continuing clinical 
research. In 2018, the codes were reviewed for 

usage and accuracy. The intention was to include 
the Neer classification in the sense that the frac-
ture designations two-part, three-part, and four-
part were applied: “The Neer classification has 
been integrated into the fracture description for 
proximal humeral fractures to facilitate the clini-
cian’s comprehension of the terms unifocal and 
bifocal fractures” [21].

One important feature of the Neer classifica-
tion, the displacement criteria, was explicitly 
excluded; however, it was considered to be too 
subjective and served to hinder consistent cod-
ing [23]. Displacement became a universal 
modifier but was not defined. The Neer parts 
were added to AO types A, B, and C. Some cat-
egories were removed because they were better 
described using modifiers and qualifications. 
This created gaps. The 2018 revision reduced 
the original 27 subgroup classification into 3 
types, 6 groups, and 13 subgroups (Fig.  9.6). 
The missing categories were merged into other 
categories and replaced by universal modifiers 
and qualifications. Group A3 remained without 
subgroups.

The changes included in the 2018 revision 
were not validated because “the validation pro-
cess was expensive and not practical, so a deci-
sion was made to not validate all edits” [23].

9  Imaging-Based Shoulder Fracture Classification Systems
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a b c

Fig. 9.6  The three types and six groups from the 2018 revision of the AO classification [23]. (Copyright by AO 
Foundation, Switzerland. With permission)

9.7	� Criticism of the AO 
Classification System

The AO classification was developed and used 
within a surgical community for whom displaced 
long bone fractures should be reduced to anatom-
ical position and fixed; in this regard, the shoul-
der was considered no different from the hip and 
the humerus no different from the femur. The 
classification was developed to support surgical 
decision-making and to predict the risk of chal-
lenges during osteosynthesis. The hierarchy of 
severity was based on the energy of injury and 
the complexity of treatment. This does not apply 
to shoulder fractures in older people, where 
severely displaced or even dislocated fractures 
can follow a simple fall from standing height.

The AO classification and the Neer classifica-
tion have some similarities and shortcomings. 
Both systems try to organize nonhierarchical 
fracture patterns hierarchically. The AO 
classification aims to categorize fractures of four 
anatomical structures into triads. In clinical prac-
tice, the intended hierarchical structure may not 
always be applicable. For instance, while an A1 
fracture may require surgery, A2 fractures can 
typically be treated non-surgically. Not all the 
numerous subgroups are in use, and not all cate-
gories guide treatment. Several categories not 
found in the Neer classification are present in the 
AO classification and vice versa (Chap. 10).

Unfortunately, neither classification has suc-
cessfully demonstrated observer agreement at a 
clinically acceptable level, creating challenges 

9.7  Criticism of the AO Classification System
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for communication, coding, and documentation. 
Certain choices made during the AO five-digit 
coding process could result in errors being aggre-
gated. It is currently unclear what the 2018 revi-
sion has added to clinical decision-making. The 
changes made to the classification system, 
including redefining, merging, and omitting cat-
egories, may have altered the psychometric prop-
erties of the system. Additionally, the clinical 
relevance of these categories needs to be demon-
strated. It is important to note that validation after 
surgery does not necessarily validate the system 
for the majority of patients who can be treated 
without surgery. With a growing trend toward 
evidence-based and non-surgical approaches for 
shoulder fractures, the AO classification may 
need to be revised to better support the manage-
ment of shoulder fractures in the future.

9.8	� Perspectives

Charles Neer’s classification reflects his assump-
tions that 85% of all proximal humerus fractures 
are minimally displaced, and displaced fractures 
should be operated. Both assumptions have been 
questioned (Chap. 2). While the categories in the 
Neer classification reflected the diagnostic and 
therapeutic options available at his time, Neer 
contributed substantially by rethinking previous 
pathoanatomical classifications and disregarding 
contemporary etiological classifications. He 
introduced a definition of displacement that 
allowed for capturing clinically relevant catego-
ries and proposing prognostic groups. The clas-
sification improved communication between 
clinical decision-makers and facilitated the col-
lection and reporting of outcome data.

The main challenge with the Neer and AO 
classifications has been the lack of agreement 
within and between observers using them (Chap. 
10). The Neer classification includes standard 
radiographic views in the decision process. The 
introduction of modern imaging technology such 
as three-dimensional CT scans has substantially 
increased the amount of data available for classi-
fication. This has not necessarily resulted in 
improved patient outcome. Most randomized tri-

als on interventions for proximal humerus frac-
tures are based on the Neer classification and 
exhibit both its advantages and disadvantages.
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10Why Do We Disagree When 
Classifying Shoulder Fractures?

10.1	� Introduction

Poor observer agreement on radiology-based 
classifications of shoulder fractures has been 
known and discussed for nearly a century. In this 
quote from JAMA in 1932, the American surgeon 
Sumner M. Roberts highlighted the challenge of 
consistently interpreting shoulder radiographs:

Doubtless, many who reviewed our series of roent-
genograms would shift some of the cases from one 
group to another. Many of these fractures are com-
minuted in type, and even with the best of roent-
genograms, it is a matter of personal opinion just 
where the fracture lines run and which are the pri-
mary ones. [1]

Without a gold standard to determine the 
accuracy of fracture classification, observer 
agreement may serve as an indirect measure. If 
two observers classify the same fracture differ-
ently, they cannot both be right. Two observers 
can, however, very well agree on something 
wrong. Numerous papers on the agreement 
between and within observers using the Neer and 
AO classifications have been published. Most 
reports have shown disappointing results and 
questioned the value of classifications in clinical 
practice and research. In Chap. 9, I focused on 
obstacles to using fracture classification systems. 
In this chapter, I will review the landscape of 
observer studies, comment on some of the cogni-
tive processes involved in determining a classifi-
cation category, and suggest which stages of the 

processes are prone to errors. Although observer 
studies of fracture classification systems have 
grown in number, the impact of poor observer 
agreement on clinical decisions and patient out-
come remains little studied.

10.2	� Classification in Everyday 
Clinic

Before focusing on the agreement on fracture 
classification systems, I will briefly consider their 
role in everyday clinical decision-making. While 
the organization may vary by institution, there 
are common traits. Imagine attending the morn-
ing rounds in a large orthopedic department. The 
team on duty presents the patients admitted, and 
treatment plans are determined. The radiographs 
are reviewed, and the senior surgeon summa-
rizes: “This fracture is a comminuted fracture of 
the proximal humerus. It requires a prosthesis. 
Let’s prepare the OR for replacement surgery and 
check if the 12-millimeter fracture stems are in 
stock. We have a surgeon who can fix it 
tomorrow.”

In this case, the clinical decision does not 
involve considerations of classification 
categories.

The following case has a different radio-
graphic fracture pattern. Again, the senior con-
sultant surgeon’s treatment plan is stated after a 
review of the radiographs: “This fracture fits per-
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fectly to a locking plate. Without surgery, the 
fracture will never heal. This is a standard case 
for the trauma guys. Let’s schedule the case for 
osteosynthesis.”

Do we need a classification to arrive at surgi-
cal decisions? Many decisions and surgeries on 
shoulder fractures are performed without formal 
classification, even in preoperative planning.

Imagine two surgeons in conversation in the 
coffee room before the operation: “This is a com-
minuted fracture in a young person. Let’s go for 
an osteosynthesis. The clinically most important 
part of the fracture complex is the greater tuber-
osity. It appears that the greater tuberosity is dis-
placed posteriorly. To get optimal access, we can 
approach the tuberosity through a deltoid split.”

In these examples, the decision-making pro-
cess is not dependent on classification. Often, the 
description of the fracture pathoanatomy is not 
provided until the postoperative note. We do not 
entirely understand the direction of our clinical 
reasoning, but the examples demonstrate that 
important decisions are made from radiology-
based pattern recognition rather than classifica-
tion categories.

As clinicians (and as human beings), we rely 
heavily on pattern recognition to make decisions. 
The clinical experience and training, personal 
preferences, and the preferences of the surgical 
community inform clinical decisions. Evidence 
is not always considered when making initial 
decisions unless the decision-maker has up-to-
date knowledge in the relevant field. Few shoul-
der fractures require immediate action, however 
allowing time to reflect and incorporate updated 
evidence.

Observer agreement depends on the observ-
ers’ ability to master the assessments required to 
differentiate between categories. The process of 
reading and classifying fractures can be divided 
into two phases. First, the radiographs are inter-
preted to form a three-dimensional mental image 
of the fracture. Second, the three-dimensional 
image is translated into a category. It is unclear at 
which point the agreement is lost. Charles Neer 
underlined that a mental image of the fracture 
pattern should be created before arriving at a 
category:

The 4-segment classification is not meant to be a 
numerical classification that is oversimplified or 
patterned for easy roentgen classification, but 
rather is a “concept” or mental picture of the actual 
pathomechanics and pathoanatomy of displaced 
humeral fractures and the terminology to identify 
each category. [2]

The Neer and AO classifications involve trans-
forming continuous data into binary data during 
the classification process. In the Neer classifica-
tion, displacement is first transformed into mini-
mally displaced or displaced. There will 
inevitably be measurement errors and borderline 
cases. Minor differences in the placement of the 
cursor or goniometer or a slight rotation of the 
patient’s arm could lead to a change in classifica-
tion. It is unlikely that new classifications involv-
ing displacement will solve this problem. 
Furthermore, conducting several assessments 
increases the risk of magnifying errors.

Studies on the stepwise classification process 
have been conducted for lower extremity frac-
tures. An observer study on tibial plafond frac-
tures revealed that the agreement on the adequacy 
of radiographs was lower than the agreement on 
fracture classification. Having observers mark 
articular fragments did not affect interobserver 
agreement. However, pre-marking the articular 
fragments improved agreement on the classifica-
tion [3].

Recently, printed, handheld three-dimensional 
models have been accessible to clinicians for sur-
gical planning and teaching. It has been sug-
gested that models of proximal humerus fractures 
could improve agreement among residents and 
attending surgeons [4, 5]. Theoretically, these 
models could help the cognitive process of trans-
lating two-dimensional images into a three-
dimensional fracture pattern. However, there are 
conflicting reports on whether this is effective 
[6].

10.3	� Measures of Agreement

Most studies of the Neer and AO classifica-
tions use Cohen’s kappa, Cohen’s weighted 
kappa, or intraclass correlation coefficient to 
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report the level of agreement [7]. The intra-
class correlation coefficient is used in continu-
ous data: displacement measured in 
millimeters, for example. Kappa is a measure 
of agreement between paired observations of 
categorical data, such as two observers classi-
fying the same fracture or the same fracture 
classified by the same observer on two occa-
sions. Kappa statistics (κ) adjust the observed 
agreement (p0) for the expected agreement by 
chance (pe):

	
κ =

−
−

p p

p
0

1
e

e 	

Kappa ranges from 1 (perfect agreement) to −1 
(perfect disagreement) via 0 (agreement by 
chance). In binary categories, such as minimally 
displaced versus displaced, a kappa value of 0 
indicates the agreement expected by chance 
(tossing a coin). A kappa value of 0.5 means the 
agreement is halfway between tossing a coin and 
perfect agreement. When dealing with ordinal 
data, where the level of severity increases with 
higher categories, assigning weights to kappa can 
help account for the differences between the cat-
egories. For instance, the distance between a two-
part surgical neck fracture and a three-part greater 
tuberosity fracture is smaller than between a 
minimally displaced fracture and a four-part 
fracture-dislocation. The interpretation of 
weighted kappa presupposes reporting the 
assigned weights. Kappa statistics can handle 
most classification categories. Exceptions are 
very rare categories where a lesser kappa can be 
expected.

Numerous qualitative interpretations of kappa 
have been used, leading to potential inconsis-
tency in reporting measures of agreement. 
Therefore, comparisons of interpretations should 
be approached cautiously [8]. Below, I refer to 
the interpretation of kappa for observer agree-
ment by Landis and Koch: ≥ 0.81, almost per-
fect; 0.61–0.80, substantial; 0.41–0.60, 
moderate; 0.21–0.40, fair; ≤ 0.2, slight agree-
ment [9].

10.4	� An Introduction to Observer 
Studies

Observer studies provide information about the 
inherent error in a classification system. The 
degree of agreement between different ratings 
determines the validity of the results obtained 
using the classification system. This agreement is 
a measure of the quality of the measurement and 
depends on various factors, such as the cases 
(typically imaging material) and the observers 
(usually doctors or other decision-makers).

Interobserver agreement refers to the level of 
agreement between different observers assessing 
the same case; conversely, intraobserver agree-
ment refers to the level of agreement within an 
observer evaluating the same case at different 
times. The agreement is not a fixed property of a 
classification system but, rather, of an interaction 
between the case, the observer, and the classifica-
tion system [7]. The agreement depends on the 
context, which includes the quality and quantity 
of images, the sampling of cases, the distribution 
of fractures, the experience of the observers, the 
number of categories and cases, and the modifi-
cations made to the classification system. While 
numerous observer studies have been conducted 
on the Neer and the AO classifications, compari-
sons across studies should be made with caution 
due to the potential confounding of the estimates 
[10].

Studies of fracture classification systems dif-
fer from studies of diagnostic tests in that they 
lack a gold standard against which to measure. In 
classification-based intervention studies, a proxy 
for a gold standard, such as more advanced imag-
ing, senior surgeon classification, radiologist 
assessment, consensus classification, or intraop-
erative classification, is often used. However, 
even intraoperative classification may change 
during the handling of the patient and tissue. Due 
to the lack of a gold standard, the specificity and 
sensitivity of the categorizations do not apply. 
The true fracture pattern remains unknown to the 
observer.

10.4  An Introduction to Observer Studies
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10.5	� The Landscape of Observer 
Studies

Studies on the classification of shoulder fractures 
first emerged in the late 1980s [11, 12]. The stud-
ies can be categorized into four groups: those 
focused on proposing and testing new classifica-
tions, those examining modifications of existing 
classifications, those investigating the impact of 
imaging material, and those investigating inter-
ventions on observers to improve agreement.

Several new classification systems for shoul-
der fractures have been proposed. Some of these 
systems have been validated in observer studies, 
including Duparc [13, 14], AST [15], Edelson 
[16], Carrera [17], Codman/Hertel/HGLS [18, 
19], Resch [20, 21], and Mayo-FJD [22]. In gen-
eral, these new classifications show good perfor-
mance in the hands of those who created them, 
possibly due to their familiarity with the classifi-
cation principles or to bias. Other studies have 
modified existing classification systems and 
tested the agreement. However, reducing the 
number of Neer categories into 13 [23], 6 [24], 5 
[12, 25], 4 [26], or 2 categories [27, 28] has not 
resulted in a markedly improved agreement 
between observers. Various subgroup analyses 
have been conducted, including the binary dis-
tinction of minimally displaced versus displaced 
fractures [29] and for two-part fractures [28] or 
four-part fractures [30] against all other catego-
ries. An observer study compared the agreement 
on the revised AO classification from 2018 (13 
categories) with the AO classification from 2007 
(27 categories) and reported an increased agree-
ment in the latest version. The agreement on the 
universal modifiers and qualifications was not 
tested, and the challenging assessment of dis-
placement was not addressed [31].

A considerable number of observer studies 
have been conducted in the hope of improving 
agreement through the addition of high-quality 
radiographs [32], two-dimensional CT scans 
[33], three-dimensional CT scans [34–40], and 
digital measurement tools [41]. Conflicting 
results have been reported, most with fair, slight, 
or moderate agreement. One study reported an 
increased rate of surgery when three-dimensional 

CT scans were used [42]. It is worth noting that 
although adding three-dimensional CT scans 
does not improve the agreement among observ-
ers, they may still be helpful for preoperative 
planning. However, the routine use of advanced 
imaging modalities in geriatric shoulder fractures 
should be revisited, except for the few patients 
considered for surgery. The amount of data rap-
idly increases—but we have no reason to believe 
that this leads to better clinical decisions regard-
ing improved patient outcomes. No imaging 
modality, no matter how advanced, can replace 
the consideration of patient-related factors or, 
most importantly, patient involvement in the clin-
ical decision-making process.

Several studies have examined the effect of 
training on improving observer agreement when 
classifying shoulder fractures. In a randomized 
trial, 185 observers were assigned to an online or 
no training module [27]. The observers were 
trained to distinguish between fractures involving 
the anatomical neck and those involving the sur-
gical neck. However, the agreement among 
observers was only fair to poor in both groups, 
with no statistically significant improvement 
after training. As a result, the authors concluded 
that simplifying classifications and training 
observers did not lead to an improvement in the 
interobserver reliability for the diagnosis of prox-
imal humerus fractures.

A study aimed to identify the reasons for dis-
agreement in the classification of shoulder frac-
tures. Three observers were asked to examine 
plain radiographs and CT scans to identify frac-
ture lines and displacement and recommend 
treatments. Following a discussion, ten learning 
points were defined and implemented, slightly 
improving agreement [43].

In a randomized trial, my colleagues and I ran-
domized 14 orthopedic doctors to either two 
training sessions in the Neer classification or no 
training [44]. The training used text and images 
from Neer’s original papers [45, 46], and the 
observers classified plain radiographs in two ses-
sions, 2 weeks apart. We reported a statistically 
and clinically significant improvement in interob-
server agreement, particularly in the specialist 
group, where mean kappa improved from 0.30 to 
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0.79. While this study suggested that training can 
improve agreement, it also raised questions about 
the value of a classification system that requires 
repeated training of specialists to achieve an 
acceptable level of agreement.

Interestingly, there seems to be a tendency to 
overestimate the severity of fractures in observers 
without training. In a secondary analysis of our 
randomized training study [30], the prevalence of 
four-part fractures in the study sample decreased 
from 10% to 2% after training. In most cases, the 
original diagnosis of a four-part fracture was 
changed to a two-part fracture, indicating that 
assessing fracture displacement in the tuberosi-
ties was challenging without experience. We also 
found an increase in the detection of minimally 
displaced fractures after training.

Charles Neer remained convinced that 
observer variation was due to a lack of experi-
ence. In a comment on our training study [44], he 
wrote: “I consider your work to be very impor-
tant because while other reliability studies have 
shown that interpretation without knowledge 
confuses the results and introduces inconsistency, 
your work has gone on to show that training of 
the interpreters markedly improves the above” 
(C.S.  Neer, Personal correspondence with Stig 
Brorson, 8 May 2003).

10.6	� Limitations of Observer 
Studies

Considering the population of observers and 
cases before comparing kappa values is impor-
tant. As a measure of agreement, kappa is tied to 
a certain population of observers and cases. To 
compare kappa values, the marginal distribution 
of the categories must be comparable. This means 
that kappa values from populations with a high 
prevalence of displaced fractures cannot be com-
pared to those from populations with a low preva-
lence of displaced fractures. Suppose the 
prevalence of a category is very high or very low. 
In these cases, the kappa value will decrease, 
making interpreting values for categories such as 
anatomical neck fractures or posterior fracture-
dislocations challenging. In addition, kappa does 

not account for the prognostic distance between 
categories. While weighted kappa can help with 
this, the weights used are not always specified, 
and assigning different weights to categories 
could make comparisons between studies diffi-
cult. The number of observers also influences 
kappa. As the number of observers increases, 
standard error decreases, and kappa stabilizes on 
a mean value [47], making the comparison of 
studies with markedly different numbers of 
observers difficult.

In experimental settings, images are often 
selected to optimize the data provided for the 
observers. Observer agreement may be overesti-
mated if the image material does not mimic the 
clinical setting. Observer studies commonly 
involve observers with a particular interest in 
shoulder fractures. This can result in overestimat-
ing agreement, and the findings cannot be gener-
alized to a standard situation.

The agreement on classification can differ at 
various classification levels, such as Neer parts or 
AO types, groups, or subgroups. A more straight-
forward classification is generally used for patient 
management. In the emergency room, the 
decision-making is often binary. In cases of mini-
mally displaced fractures, the patient is dis-
charged, while a more experienced doctor will 
reassess displaced fractures. In such cases, the 
final decision is not in the young doctor’s hands.

10.7	� What Are the Clinical 
Implications 
of Disagreement 
on Classification?

Answering this question requires empirical 
investigation through prospective studies that test 
individual factors involved in clinical decision-
making and their consequences for patient out-
come. While there are currently few such studies, 
we do have some indications of which factors can 
influence clinical decision-making beyond the 
classification category. Disagreement on classifi-
cation does not necessarily mean disagreement 
on treatment. Different classification categories 
may require identical treatments, while different 
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treatments can be relevant within the same 
category.

Clinical decision-making involves more data 
than radiographic images. It includes age, gen-
der, bone quality, fall history, comorbidities, con-
comitant injuries, trauma mechanism, patient 
preferences, local guidelines, usual care, surgeon-
related factors, and numerous other known and 
unknown factors. Observer studies that rely 
solely on images may underestimate agreement. 
A study on tibial plafond fractures found that 
while additional CT scans did not increase agree-
ment on classification, they did help determine 
the treatment plan [48]. In an observer study on 
hip fracture classification using the Garden clas-
sification, age was the defining factor for treat-
ment planning rather than the classification 
category [49].

To examine the possible inconsistency in 
agreement between classification and recom-
mended treatment, my colleagues and I invited 
five shoulder surgeons to categorize 193 radio-
graphs using the 16-category Neer classification 
on two occasions [50]. We also asked the observ-
ers to suggest one of three treatment options: 
non-surgical treatment, locking plate osteosyn-
thesis, or hemiarthroplasty. Information on the 
patient’s age was added in the second round. In 
36% of the ratings, the observer changed the cat-
egory between the first and second rounds. 
Agreement on treatment recommendations was 
higher to a statistically significant degree com-
pared to the agreement on fracture classification. 
The kappa values did not, however, exceed mod-
erate levels.

10.8	� Translation of Categories 
Between Classification 
Systems

Roughly half of the scientific literature on shoul-
der fractures is based on the Neer classification, 
while the other half is based on the AO classifica-
tion. This raises the question of whether the two 
classification systems are interchangeable or if 
we need to become equally competent in each to 
interpret the literature. Many authors translate 

Neer two-part to unifocal fractures (AO Type A), 
Neer three-part to bifocal fractures (AO Type B), 
and Neer four-part to intraarticular fractures (AO 
Type C). As discussed below, such translations 
have limited clinical or scientific value.

From a clinical perspective, the crucial dif-
ference between the classification systems is 
the absence of a definition of displacement in 
the AO classification and the absence of a 
varus/valgus distinction in the Neer classifica-
tion. In the 2018 version of the AO classifica-
tion, displacement has been added as a universal 
modifier but has not been defined [51]. The 
Neer classification has also adopted elements 
from the AO classification. In his 2002 revision 
[2], Neer acknowledged that the valgus-
impacted four-part fracture (AO C2.1) could 
not be classified, and he added this category as 
a precursor to the classical Neer four-part frac-
ture with lateral displacement of the articular 
surface (Fig. 9.5).

A rigorous approach to classification facili-
tates the conduct, reporting, and interpretation of 
clinical trials. Two partly incommensurable frac-
ture classification systems represent a challenge. 
In the AO classification, valgus-impacted frac-
tures can appear as subgroups A2.3, B1.1, C1.1, 
and C2.1, which could be translated to one-part, 
two-part, three-part, and four-part patterns within 
the Neer classification. The varus-impacted frac-
ture patterns can appear as the subgroups A2.2, 
B1.2, C1.2, C2.2, and C2.3, covering one-part, 
two-part, three-part, and four-part patterns within 
the Neer classification.

To analyze the actual use of the two classifica-
tion systems, my colleagues and I reviewed stud-
ies classifying shoulder fractures according to 
both classification systems [50]. After contacting 
the authors, we obtained primary classification 
data on 2530 cases. We then organized the clas-
sification data in a cross-table with the 432 com-
binations between the 16 Neer categories and the 
27 AO subgroups and assessed each combination 
as plausible (39%), problematic (34%), or not 
plausible (35%). Assessment of the plausibility 
of translations between Neer categories and AO 
subgroups for Type A fractures is shown in 
Fig. 10.1.
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Fig. 10.1  Assessment of the plausibility of translations between Neer categories and AO subgroups. Green indicates 
plausible; yellow indicates problematic, and red indicates not plausible. Only Type A fractures are shown [50]

Interpretation examples: Type A fractures (AO) 
are unifocal and cannot appear as three- or four-
part fractures (Neer). Anatomical neck fractures 
(Neer) are intraarticular and cannot be Type A (AO 
extraarticular). A fracture-dislocation (AO A1.3) 
cannot be minimally displaced (Neer). Through 
the retrieval of classification data, we found that 
Neer minimally displaced/one-part fractures could 
correspond to 15 different AO subgroups. In con-
trast, AO Type C fractures could appear as one-
part, two-part, three-part, or four-part fractures 
within the Neer classification. Clinically important 
information is lost in translation. Consequently, 
my colleagues and I found it necessary to perform 
two separate systematic reviews on locking plate 
osteosynthesis covering AO Type C and Neer four-
part fractures, respectively [52, 53].

10.9	� Perspectives

The pursuit of an ideal classification for shoulder 
fractures has resulted in many observer studies 
reporting lower levels of agreement than 

expected. Not surprisingly, the observer studies 
arrive at different kappa values. Differences in 
observers, cases, imaging material, modified 
classifications, and bias toward classification and 
treatment preferences can explain some discrep-
ancies. Instead of conducting more studies with 
doctors classifying images according to a classi-
fication sheet and calculating whether they per-
form better than the toss of a coin, more attention 
should be paid to the role of classification in 
clinical decision-making and patient outcomes 
after classification-based interventions. It is more 
urgent to understand agreement in clinical deci-
sions than to understand agreement on a classifi-
cation sheet in an experimental setting. The 
extent to which agreement on classification cate-
gories is essential for high-quality clinical 
decision-making and patient outcome is still 
unclear. Prospective studies are needed to 
determine the role of the various elements in the 
clinical decision-making process and their clini-
cal importance.
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11Interventions for Shoulder 
Fractures: The Evidence Base

11.1	� Introduction

Many orthopedic surgeons take the benefits of 
surgery for granted. If they conduct clinical 
research, they mainly study surgical procedures 
in uncontrolled case series or compare them with 
other surgical interventions. A bibliometric 
review retrieved 1051 publications on shoulder 
fractures from multiple databases [1]. Forty-eight 
percent of the identified studies were uncon-
trolled case series. The majority were retrospec-
tive. Only 3% of the sample were randomized 
trials. Other studies included basic science, prog-
nostic studies, and non-randomized comparative 
studies. By mapping the themes, 67% studied 
surgical treatments, 4% studied non-surgical 
treatments, and less than 2% studied rehabilita-
tion. Thus, the typical study of shoulder fractures 
is an uncontrolled, retrospective case series of 
surgical interventions. A strong belief in a par-
ticular surgical implant or procedure may lead to 
bias in studies. Industry involvement may further 
encourage certain positive conclusions. 
Commercial funding is notably absent in studies 
that include non-surgical comparators.

11.2	� Randomized Trials

Since 2003, Cochrane reviews have included  
evidence from randomized trials on shoulder 
fractures, following the Cochrane Handbook  
for Systematic Reviews of Interventions [2].  

The handbook outlines the methods and processes 
involved in conducting a review. It guides the 
reviewers through every step of the review pro-
cess, from formulating the research question to 
interpreting the final results. This includes plan-
ning the review, conducting a thorough search 
and selecting appropriate studies, collecting and 
analyzing data, assessing the risk of bias, per-
forming statistical analysis, and interpreting the 
results. In the two latest Cochrane reviews [3, 4], 
my colleagues and I used the Grading of 
Recommendations Assessment, Development, 
and Evaluation (GRADE) [5] to assess the qual-
ity of outcome data and the certainty of findings.

The Cochrane review has reported on five ver-
sions comparing surgical and non-surgical inter-
ventions. Table  11.1 provides details on these 
versions. The first randomized trial, involving a 
comparison of hemiarthroplasty using the Neer 
prosthesis and closed manipulation under anes-
thesia in 32 patients, was conducted in 1984 [6]. 
In 1988, another trial compared closed reduction 
and percutaneous pinning with closed reduction 
under anesthesia in 30 patients [7]. Although 
both treatments were common in the 1980s, they 
have been replaced by other procedures. In 1997, 
a trial compared internal fixation with tension 
band or cerclage wiring to non-surgical treatment 
in 40 patients [8]. Later, around the year 2000, 
the locking plate technology was introduced 
(Chap. 12), gaining popularity almost instantly. 
Subsequently, in 2010, locking plate osteosyn-
thesis was compared to non-surgical treatment in 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93604-3_11&domain=pdf
https://doi.org/10.1007/978-3-031-93604-3_11#DOI
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Table 11.1  Cochrane reviews 2003–2022 reporting surgical versus non-surgical interventions for shoulder fractures

Year

Studies and 
participants, 
overall

Studies and 
participants, 
non-surgical 
comparator

Interventions and 
comparisons (number 
of participants) Conclusions

2003 12 (578) 3 (102) Hemiarthroplasty 
versus closed 
reduction (32)
Pinning versus closed 
reduction (30)
Tension band versus 
non-surgical (40)

It is unclear whether operative intervention, 
even for specific fracture types, will produce 
consistently better long-term outcomes

2010 16 (801) 4 (155) Hemiarthroplasty 
versus closed 
reduction (32)
Pinning versus closed 
reduction (30)
Tension band versus 
non-surgical (40)
Locking plate and 
cerclage versus 
non-surgical (50)a

The very limited evidence available does not 
confirm that surgery is preferable to 
conservative treatment, and complications 
associated with surgery need to be considered

2012 23 (1238) 6 (270) Hemiarthroplasty 
versus closed 
reduction (32)
Pinning versus closed 
reduction (30)
Tension band versus 
non-surgical (40)
Locking plate and 
cerclage versus 
non-surgical (50)a

Locking plate versus 
non-surgical (60)
Hemiarthroplasty 
versus non-surgical 
(55)

It remains unclear whether surgery, even for 
specific fracture types, will produce consistently 
better long-term outcomes, but it is likely to be 
associated with a higher risk of surgery-related 
complications and requirement for further 
surgery

2015 31 (1941) 8 (567) Hemiarthroplasty 
versus closed 
reduction (32)
Pinning versus closed 
reduction (30)
Tension band versus 
non-surgical (40)
Locking plate and 
cerclage versus 
non-surgical (50)a

Locking plate versus 
non-surgical (60)
Hemiarthroplasty 
versus non-surgical 
(55)
Hemiarthroplasty 
versus non-surgical 
(50)
Surgeon’s choice 
versus non-surgical 
(250)b

There is high- or moderate-quality evidence 
that, compared with non-surgical treatment, 
surgery does not result in a better outcome at 1 
and 2 years after injury for people with 
displaced proximal humeral fractures involving 
the humeral neck and is likely to result in a 
greater need for subsequent surgery

(continued)
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a trial involving 50 patients [9]. In 2011, a trial 
compared locking plate osteosynthesis to non-
surgical treatment in 60 patients [10]. In 2011, a 
comparison was made between hemiarthroplasty 
and non-surgical treatment in 55 patients [11]. 
The following year, a similar comparison was 
made in 50 patients [12]. The ProFHER trial pub-
lished in 2015 [13] randomly assigned 250 
patients to either surgery by surgeon’s choice or 
non-surgical treatment. Of the 125 patients 
assigned to surgery, 109 underwent a procedure, 
with 90 receiving locking plates. The remaining 
19 patients in the surgery group received either 
hemiarthroplasty (n  =  10), intramedullary nails 
(n = 4), or other implants (n = 5). In 2018, reverse 
shoulder arthroplasty was compared to non-
surgical treatment in 62 patients [14], and in 
2019, locking plates were compared to non-
surgical treatment in 88 patients [15].

The 2022 update of the Cochrane review 
included 47 randomized trials with 3279 partici-
pants and 26 pairwise comparisons [4]. Out of 
these, 10 trials compared surgical and non-
surgical interventions; 12 trials compared nonop-
erative interventions; 23 trials compared 2 
methods of surgery, and 2 trials compared the 
timing of immobilization after surgery. Two-
thirds of the patients were female, with 66% suf-
fering three- or four-part fractures. Most trials 
had a lower age limit of 60 years. The only trial 
comparing reverse arthroplasty to non-surgical 
treatment had a lower age limit of 80 years [14]. 
Substantial changes in the preferences for 
implants were observed within the study period. 
Some treatments, such as closed reduction, per-
cutaneous pinning, monoblock hemiarthroplasty, 
cerclage, and tension band wiring, are no longer 
used. The popularity of reverse total shoulder 

Table 11.1  (continued)

Year

Studies and 
participants, 
overall

Studies and 
participants, 
non-surgical 
comparator

Interventions and 
comparisons (number 
of participants) Conclusions

2022 47 (3179) 10 (717) Hemiarthroplasty 
versus closed 
reduction (32)
Pinning versus closed 
reduction (30)
Tension band versus 
non-surgical (40)
Locking plate and 
cerclage versus 
non-surgical (50)
Locking plate versus 
non-surgical (60)
Hemiarthroplasty 
versus non-surgical 
(55)
Hemiarthroplasty 
versus non-surgical 
(50)a

Surgeon’s choice 
versus non-surgical 
(250)b

Reverse arthroplasty 
versus non-surgical 
(62)
Locking plate versus 
non-surgical (88)

There is high- or moderate-certainty evidence 
that, compared with non-surgical treatment, 
surgery does not result in a better outcome at 1 
and 2 years after injury for people with the large 
majority of displaced proximal humeral 
fractures. It may increase the need for 
subsequent surgery
The available evidence does not cover the 
treatment of two-part tuberosity fractures and is 
insufficient to draw conclusions on fractures in 
younger adults, on high-energy trauma, or for 
less common fractures, such as fracture-
dislocations and articular surface fractures

aThree patients excluded from the analysis
b125 treated surgically, locking plates in 90 patients
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arthroplasty has by far exceeded hemiarthro-
plasty. Implants are constantly being developed 
and modified. The extent of the Cochrane review 
has reached almost 400 pages. To make the cur-
rent review more accessible to clinicians, my col-
leagues and I have published a short version with 
the key messages [16].

11.3	� A Failed Trial

Several incomplete randomized trials can be found 
by searching protocol databases. In 2009, my col-
leagues and I published a protocol for a national 
three-arm multicenter study [17]. The study com-
pared patient-reported outcomes after hemiarthro-
plasty, locking plate osteosynthesis, and 
non-surgical treatment in older people with four-
part fractures. The recruitment of participants was 
planned from ten different centers. Twenty-two 
patients were recruited for a study, but eight out of 
ten centers withdrew due to ethical concerns. The 
allocation of patients with four-part fractures to 
nonoperative treatment was then considered 
unethical. If the trial were conducted today, many 
surgeons would have ethical concerns about allo-
cating patients with four-part fractures to locking 
plates. In addition, total reverse arthroplasties 
would likely have replaced hemiarthroplasties in 
most centers. The example demonstrates that the 
success of randomized trials depends on the con-
text in which they are conducted. As technology 
evolves, so does the confidence in new treatment 
methods. From an ethical perspective, trials should 
ideally be performed when there is equipoise—a 
balance in pre-trial beliefs in the compared treat-
ments. However, pre-trial beliefs vary over time 
and between countries, orthopedic societies, cen-
ters, and individual surgeons.

11.4	� The Evidence Base 
for Rehabilitation 
Interventions

High-quality clinical trials are as essential for the 
documentation of outcomes after rehabilitation 
interventions as they are for documenting out-

comes after surgical interventions. Training is 
often assumed to be inherently beneficial, and 
there is a lack of evidence-based rehabilitation 
regimes for patients with displaced shoulder frac-
tures treated without surgery. A few trials indi-
cate that immobilization for 3 weeks is no better 
than immobilization for a single week [18, 19]. A 
randomized trial has further reported that super-
vised training is not superior to non-supervised 
home-based exercises [20]. We cannot provide 
patients with clear advice on whether training is 
better than no training. My colleagues and I con-
ducted a randomized study to determine whether 
training is superior to no training. We random-
ized 60 patients aged 60 or above with displaced 
shoulder fractures treated non-surgically to a 
single instruction in early return to ordinary daily 
life or usual training in the municipalities [21].

A great number of rehabilitation regimens 
have been derived from experiences with other 
shoulder conditions treated surgically, such as 
rotator cuff surgery or joint replacement. 
Restrictions in range of motion may delay recov-
ery in patients without surgical reconstruction or 
an implant needing specific protection. Surgeons 
familiar with secondary displacement after lock-
ing plate osteosynthesis tend to exaggerate the 
consequences of secondary displacement after 
early movement in non-surgically treated 
patients. Radiological changes can be expected 
during the consolidation and healing process. It is 
still yet to be demonstrated that radiological 
changes predict patient-reported outcomes in 
non-surgically treated patients. Despite being 
biomechanically justified, movement restrictions, 
braces, and bandages cannot neutralize the 
deforming forces acting on the fractured parts. 
Rehabilitation interventions should meet the 
same requirements for clinical documentation as 
surgical interventions.

11.5	� Systematic Reviews 
and Meta-analyses

Systematic reviews aim to identify, assess, and 
summarize the existing evidence. Suppose the 
trials included in the review are qualitatively and 
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statistically comparable (low heterogeneity). The 
performance of a meta-analysis can be feasible in 
this case, allowing for more statistically safe 
effect estimates. In the last decade, a number of 
meta-analyses on shoulder fractures have been 
published. Surprisingly, discordant conclusions 
can be found among studies based on the same 
primary studies. This highlights the need for a 
critical reappraisal of the meta-analyses. 
Historically, meta-analyses summarizing results 
from randomized controlled trials have been con-
sidered the highest level of evidence. However, 
following some basic methodological rules is 
essential if the reliability of the results is to be 
ensured.

While the results from the comparisons 
between surgical and non-surgical treatments 
have been consistent throughout all editions of 
the Cochrane review, the certainty of the findings 
(GRADE) has increased. The 2022 edition 
reports no significant difference in patient-

reported shoulder function between the surgical 
and non-surgical groups after 1 or 2  years of 
treatment (high-certainty evidence). Additionally, 
there was no clinically important difference in 
quality of life after 1  year of treatment (high-
certainty evidence). However, it was found that 
the surgery group had a higher risk that additional 
surgery would be required (low-certainty evi-
dence). Figure  11.1 reports the patient-reported 
shoulder function at 12 months. The mean differ-
ences were normalized to account for differences 
in outcome assessment instruments.

Confidence intervals for all trials cross the line 
of no difference. Figure 11.2 presents the risk of 
additional surgery after the initial surgery. We 
compared the risk of undergoing a new surgery 
with the risk of undergoing a late surgery after 
receiving non-surgical treatment initially. The 
outcome was binary, and a risk ratio was calcu-
lated. A risk ratio of 2  in favor of non-surgical 
treatment means that patients who opt for surgery 

Fig. 11.1  Surgical versus non-surgical treatment. Patient-reported shoulder function after 12 months (With permission 
from John Wiley and Sons)
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Fig. 11.2  Surgical versus non-surgical treatment. Risk of additional surgery within 2 years. (With permission from 
John Wiley and Sons)

have twice the risk of needing additional surgery 
compared to those who receive non-surgical 
treatment.

In summary, there was no high-certainty evi-
dence for the superiority of surgical treatment 
compared to non-surgical treatment. The only 
difference is a higher risk of additional surgery. 
No surgical treatment modality differs from the 
general pattern. Based on the existing body of 
evidence comparing surgical and non-surgical 
treatments, it seems reasonable to conclude that 
we have now moved from no evidence of a differ-
ence to evidence of no difference.

11.6	� Multiple Overlapping 
Meta-analyses

Summaries of data from studies on shoulder frac-
tures tell us that low-quality meta-analyses have 
limitations. Numerous overlapping or partially 
overlapping systematic reviews and meta-

analyses have compared outcomes after surgical 
and non-surgical treatments. Figure  11.3 com-
pares the number of randomized controlled trials 
and the number of meta-analyses published 
between 1984 and 2018. The number of meta-
analyses has by far exceeded the number of ran-
domized trials. Multiple overlapping 
meta-analyses raise methodological concerns.

In a meta-epidemiological study [23], my 
colleagues and I identified 21 meta-analyses 
comparing surgical and non-surgical treat-
ments of shoulder fractures, 19 pairwise meta-
analyses, and two network meta-analyses. The 
19 pairwise meta-analyses were based on up to 
eight randomized trials. Among the 19 meta-
analyses, 18 were critically low quality as 
assessed by the AMSTAR 2 tool [24]. The 
critically low methodological quality was 
mainly due to a lack of protocol (18 out of 19), 
no reporting of excluded studies (16 out of 
19), no reporting of the funding of the included 
studies (18 out of 19), and inappropriate sta-
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Fig. 11.3  The number of randomized controlled trials 
(brown) and meta-analyses (black) 1984–2018 [22]

tistical methods (16 out of 19). The conclu-
sions reported in the 19 meta-analyses were 
extracted for shoulder function, quality of life, 
and harm.

The studies came to discordant conclusions for 
all domains. Although four meta-analyses shared 
their research question and were based on the same 
six primary studies, they nevertheless reached dis-
cordant conclusions for all three domains. This 
finding raises concerns about the use of low-quality 
meta-analyses in guiding clinical decision-making 
and further challenges the position of meta-analy-
ses based on randomized trials as Level I evidence. 
Well-conducted meta-analyses serve important 
purposes by summarizing data and reducing statis-
tical uncertainty. Multiple overlapping meta-analy-
ses of critically low quality are, in the best case, 
redundant and, in the worst case, misleading. New 
meta-studies should await further primary studies, 
and editors should be more cautious in publishing 
meta-analyses without predefined and precise 
protocols.

11.7	� Methodological Flexibility

The consequences of multiple overlapping meta-
analyses of low quality can be approached empir-
ically. Methodological flexibility refers to the 
methodological options used to conduct a meta-
analysis. The analytical scenarios refer to the 
combination of the methodological choices 
taken. Without a protocol, the methodological 
flexibility is high, and different analytical sce-
narios can be obtained. The presence of a proto-
col specifying all steps of the meta-analysis 
markedly decreases methodological flexibility, 
thus limiting the risk of tilting the meta-analysis 
toward a certain conclusion. In another meta-
epidemiological study, we studied the impact of 
methodological choices and possible conclusions 
[25]. We identified 23 meta-analyses based on 24 
primary studies; some included non-randomized 
studies. Three protocols were identified by con-
tacting the authors of the meta-analyses. After 
extracting data from the 23 meta-analyses, mul-
tiple meta-analyses were simulated using the 
same data pool but under differing analytical sce-
narios. Meta-analyses based on all possible com-
binations of the methodological choices were 
conducted. The distribution of effect estimates 
obtained with and without a protocol was mapped 
to demonstrate the impact of a protocol. 
Figure  11.4 illustrates the possibility of getting 
statistically significant effect estimates in shoul-
der function with or without following a 
protocol.

Conflicting effect estimates and discordant 
conclusions can be obtained without a protocol, 
even at the standard level of statistical signifi-
cance (p < 0.05). Surgical or non-surgical treat-
ment could be favored and supported by data. 
This is the case for shoulder function, quality of 
life, and harm. Figure 11.5 illustrates the distri-
bution of effect estimates on harm outcomes with 
and without a protocol. Without a protocol, any 
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Fig. 11.4  The number of possible meta-analyses with statistically significant effect estimates for functional outcome 
without a protocol (brown) and with one of three protocols (A, B, C) [22]
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Fig. 11.5  Distributions of effect estimates for harm out-
comes (risk ratio) without a protocol and with (A, B, C). 
Estimates below 1.0 favor surgical treatment. Values 

below the dotted line are significant at the 0.05 level [25]. 
(With permission from Elsevier)

conclusion can be supported; by following a pro-
tocol, surgical treatment is seen to be inferior 
regarding harm outcomes. The absence of a pro-
tocol raises serious concerns about bias toward 
preconceived assumptions regarding effects.

11.8	� Network Meta-analyses

A substantial number of orthopedic interventions 
lack robust support from high-quality random-
ized trials. When the data pool is limited, meta-
analyses can summarize the existing evidence 
and provide more statistically safe treatment esti-
mates. Traditional meta-analyses are based on a 
pairwise comparison of effect estimates. Network 
meta-analyses can be used to estimate treatment 
effects when direct comparisons are absent or 
sparse. If two (or more) interventions share a 

common comparator, indirect comparison can be 
an option. This has raised hope for a stronger evi-
dence base for interventions where direct com-
parisons are sparse or lacking altogether—for 
example, in comparing reverse shoulder arthro-
plasty to non-surgical treatment.

A network meta-analysis extends the tradi-
tional pairwise meta-analysis by comparing more 
than two interventions. Indirect comparisons rely 
on two critical assumptions: transitivity and 
coherence. Transitivity refers to the comparabil-
ity of the studies included. Ideally, the included 
studies could all be part of the same imaginary 
multiarm randomized trial; this is only possible 
when potential effect modifiers such as age, gen-
der, indications, or procedures are shared. 
Coherence is a statistical term referring to the 
estimates obtained through direct and indirect 
evidence. In the last few years, network meta-
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analyses on treatments of shoulder fractures have 
gained popularity; unfortunately, however, the 
methodological quality of current network meta-
analyses is low. Substantial differences between 
the primary studies, including demographics, 
inclusion criteria, and differences between the 
interventions, make the conduct of network meta-
analyses spurious. None of the network meta-
analyses published so far had a predefined 
analysis plan, and they tend to favor surgical 
treatments.

The enthusiasm for the use of reverse shoulder 
arthroplasty in fracture cases has driven efforts to 
clarify the evidence base (Chap. 15). Until 2024, 
reverse shoulder arthroplasty in fractures was 
tested by only one randomized trial with 62 
patients aged 80 years or above [14]. This study 
reported no superiority of surgery. Other studies 
have reported direct comparisons in favor of 
reverse arthroplasty compared to locking plates 
[26] and hemiarthroplasty [27, 28]. These two 
surgical treatments have previously been studied 
by direct comparison to non-surgical treatment 
[10–12, 15, 29, 30]. Interestingly, despite no dif-
ference found in any primary studies, network 
meta-analyses tend to indicate the superiority of 
surgical treatments over non-surgical treatments. 
Reverse arthroplasty was preferred in two stud-
ies: “RSA is the optimum treatment method for 
elderly patients” [31]; “RSA offers satisfactory 
improvements in clinical and functional out-
comes when compared to other non-operative 
and operative treatment options” [32]. A third 
network meta-analysis was more reluctant to 
make conclusions [33].

All network meta-analyses were found to have 
considerable methodological flaws; none offered 
a publicly available protocol, and none reflected 
on transitivity. Given the differences in important 
effect modifiers, no network meta-analysis com-
paring the abovementioned treatment modalities 
can fulfill the transitivity assumption. 
Considerable age differences were found between 
patients receiving locking plates and patients 
receiving arthroplasty; similarly, the patients 
receiving surgical treatment differed markedly 
from patients receiving non-surgical treatment. 
Even the indications for surgery varied between 

the included studies. Incoherence was present 
due to the differences between direct and indirect 
comparisons. Network meta-analyses on shoul-
der fractures are likely to increase. Following 
guidance from network meta-analyses without a 
protocol or violating the assumptions of transitiv-
ity and coherence cannot be recommended.

11.9	� Perspectives

How do we proceed toward safer estimates of 
treatment effects to better inform evidence-based 
decision-making? For reliable effect estimates, 
we need to ensure comparability at baseline, 
which is best obtained by randomization. It has 
become increasingly clear from randomized tri-
als that two-, three-, and four-part fractures in 
older people should be treated without surgery. 
Evidence-based recommendations are still lack-
ing for important patient subgroups. It is often 
assumed that when evidence is lacking, surgery is 
indicated. While this may be true for some patient 
subgroups, further empirical support is required 
to confirm it.

Collaboration in national or international mul-
ticenter trials is needed if studies of uncommon 
fracture patterns or subgroups of patients are to 
be sufficiently robust statistically. Most trials 
before the ProFHER trial have been explanatory, 
with a few selected surgeons performing the pro-
cedures under standardized conditions. The 
drawback is the lack of applicability and general-
izability. Patients are rarely treated under ideal 
conditions. Pragmatic trials testing interventions 
under real-world conditions are, unfortunately, 
often considered unreliable and disregarded. The 
authors of the ProFHER trial [13], the first large 
pragmatic multicenter trial on shoulder fractures, 
reported no statistically significant or clinically 
important benefits of surgery for any outcome. 
The harsh criticism following the ProFHER trial 
was partly based on insufficient knowledge of the 
pragmatic design. One objection was that the 
study was unreliable because the surgeries had 
been performed by 66 surgeons from 32 hospi-
tals—but these were surgeons performing the 
surgery in clinics every day. Interestingly, when a 
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pragmatic trial reports no superiority of surgery 
in a real-world scenario, it is the study, not the 
treatment provided, that is criticized. The criti-
cism the ProFHER trial received for the inclusion 
of only 20% of potentially eligible patients, rais-
ing concerns of selection bias [34, 35], stemmed 
from data from a screening protocol completed 
by the investigators. Only a few orthopedic trials 
account for pre-randomization behavior—some-
thing which should be considered an indicator of 
the study’s quality. In the ProFHER trial, most 
patients were excluded due to predefined exclu-
sion criteria. Most remaining patients refused to 
participate because they strongly preferred non-
surgical treatment [36].

First, high-quality randomized trials should be 
conducted on patients younger than 60. The biol-
ogy in younger patients with good bone stock 
may allow for osteosynthesis with lower failure 
rates. However, younger patients may have 
higher demands and shorter implant survival. 
Age as a selection criterion for treatment options 
is not ideal. Older people are fitter than they have 
been, and younger patients, resembling members 
of the older group, may be frail. Inclusion accord-
ing to frailty assessment rather than age, for 
example, may offer a way of addressing the risk 
of combining data from these groups in future 
studies.

Second, we lack studies on the treatment of 
isolated greater tuberosity fractures. In younger 
patients, these fractures may resemble a total 
rotator cuff rupture with a bone avulsion, calling 
for a different clinical approach. Two-part ante-
rior fracture-dislocations are relatively common, 
and it is unclear whether the bony fragment 

should be fixed if it falls in place after closed or 
open reduction. Even severe greater tuberosity 
displacement or retraction may be well tolerated 
in older people (Fig. 3.15).

Third, the popularity of reverse shoulder 
arthroplasty as a primary fracture treatment 
should be justified. The combination of primary 
non-surgical treatment, followed by the option of 
secondary reverse arthroplasty in clinical fail-
ures, should be examined. The massive use of 
reverse arthroplasty in primary fracture cases 
may lead to overtreatment and challenging revi-
sion surgery.

Fourth, the optimal treatment of fractures with 
involvement of the articular surface has not been 
defined. In many cases, including the greater 
tuberosity, a substantial part of the articular sur-
face remains attached to the greater tuberosity. 
Seeing a part of the posterior surface visible on a 
CT scan, most surgeons are inclined to replace 
the articular surface—but strong data supporting 
the assumption of early posttraumatic osteoar-
thritis in these patients is, however, lacking. 
These patients often regain good function and 
pain relief despite a persistent step-off in the 
articular surface. If there is no pain, the insertion 
of an arthroplasty can be postponed until symp-
toms appear, preferably at an age where revision 
surgery is a lesser concern (Fig. 11.6).

Finally, limited patient flow at even the larg-
est centers presents a challenge to conducting 
the abovementioned trials. Registry-based stud-
ies with high coverage and completeness may 
narrow the evidence gaps, especially when 
patient-reported outcomes are available. 
Reporting revision rates and implant survival 

Fig. 11.6  Head-splitting fracture with a step-off in the articu-
lar surface in a 77-year-old female. The fracture healed in 

12 weeks, and pain-free function was regained. The step-off 
remained. Radiographs at 2 and 24 weeks. Photos at 24 weeks
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may provide helpful information for quality 
assessment [37], but it is an unreliable source of 
patient function, pain, and satisfaction [38]. 
Comparative studies of registry cohorts can be 
confounded by differences in diagnostics, popu-
lation characteristics, surgical practice, patient 
preferences, and other variables not captured by 
the regression analysis.
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12The Rise and Fall of an Implant: 
Locking Plates in Shoulder 
Fractures

12.1	� Introduction

By the turn of the millennium, a new implant for 
fracture fixation in osteoporotic shoulder frac-
tures had been developed and come to the mar-
ket. The principle behind it was the provision of a 
more stable fixation of the humeral head after 
anatomical reduction of the fracture. By locking 
multiple convergent and divergent screws into an 
anatomically shaped lateral plate, a powerful and 
stiff construct was created (Fig. 12.1). In the fol-
lowing two decades, the locking plate technology 
became popular among traumatologists and 
shoulder surgeons. In 2019, one of the leading 
manufacturers announced that they had sold over 
850,000 implants worldwide. It was estimated 
that every 7 min, a surgeon implanted the manu-
facturer’s locking plate [1]. The implementation 
of the implant was supported by the principles of 
anatomical reduction and stable fixation, first 
stated by the AO group (Arbeitsgemeinschaft für 
Osteosynthesefragen) in 1958 [2]. The surgical 
technique guide from the manufacturer repeated 
these principles, thus linking marketing to 
research: “Instruments and implants approved by 
the AO Foundation” [3].

Fig. 12.1  Proximal humerus locking plate
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a

b

Fig. 12.2  In non-locking osteosynthesis (a), stability is 
obtained by compression of the plate against the bone by 
bi-cortical screws. In locking osteosynthesis (b), the 
screws are locked into the plate [4]. (With permission 
from Elsevier)

Fig. 12.3  Test of varus bending. The arrow indicates the 
load application [6]. (With permission from Elsevier)

12.2	� The Biomechanical 
Properties of Locking Plates

Locking plate osteosynthesis aimed to provide an 
angle- and rotation-stable fracture fixation in 
osteoporotic bone. By transferring the biome-
chanical stress from the bone-plate interface to 
the locking mechanism of the screw into the 
plate, the traditional bi-cortical purchase of non-
locking screws and the compression of the plate 
toward the bone were no longer needed 
(Fig. 12.2). The screws in the humeral head were 
locked into the plate and could not toggle or back 
out. The increased angular and axial stability, 
intended to reduce the risk of loss of reduction, 
gave hope for better fixation, especially in dis-
placed fractures in osteoporotic bone.

The initial biomechanical testing of the lock-
ing plate technology yielded positive results. 
Cadaveric studies of the new implant showed 
superior biomechanical properties, including 

greater stiffness and higher varus bending load 
before failure (Fig.  12.3). However, while the 
axial load is of importance in lower limb recon-
struction and quadrupeds, the most important 
deforming forces in shoulder fractures are hori-
zontal and act on the tuberosities and the humeral 
shaft. The promising results from the laboratory 
gave support to a rapid clinical introduction of 
the implant: “We extrapolate that these improved 
biomechanical properties may prove advanta-
geous in future clinical investigation” [5].

The promising preliminary results did not lead 
to systematic clinical testing of the implant in 
randomized trials. With effective manufacturer 
marketing, and justified by superior biomechani-
cal properties, the use of locking plates sharply 
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a b

Fig. 12.4  Loading test demonstrating superior loading strength of a locking plate (a) compared with a non-locking 
plate (b) [7]. (With permission from Elsevier)

increased. Apart from small, uncontrolled clini-
cal series, however, the clinical evidence 
remained sparse. The biomechanical evidence 
was incorporated into the curriculum for orthope-
dic residents taking internal fixation courses at all 
levels. Figure 12.4 demonstrates the limited pur-
chase of non-locking screws in plate fixation of a 
fresh apple. A much better purchase is obtained 
when the fixation is performed with a locking 
plate. Unfortunately, we do not operate on fresh 
apples.

Regardless of the lack of supporting clinical 
evidence, biomechanical arguments were contin-
uously used as supporting evidence. A leading 
implant manufacturer promoted their product 
under the slogan “Continued Trust in Stable 
Fixation.” They advertised that their screw pat-

tern covered 155% more volume of the humeral 
head than a similar plate from a competing com-
pany [1], assuming that more screws contributed 
to the implant’s superiority. However, the 
implant’s stiffness, a key biomechanical property, 
proved a clinical drawback.

12.3	� How Does a Rigid Implant 
Work in an Osteoporotic 
Humeral Head?

In a surgical neck fracture in osteoporotic  
bone, some degree of humeral head collapse  
can be expected (Fig. 12.5). The progression typ-
ically ends with the bone healing in malunion. 
This process helps relieve the patient’s pain and 
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Fig. 12.5  The natural healing in an osteoporotic two-part 
surgical neck fracture treated non-surgically. Further 
impaction and partial humeral head collapse followed the 
initial varus displacement. Despite a fracture healing in 

malunion and shortening, the patient had excellent shoul-
der function and was pain-free. Radiographs were taken at 
0, 3, 6, and 24 weeks. Photos at 24 weeks

enables rehabilitation. Regardless of anatomical 
reduction and satisfactory postoperative radio-
graphs, changes in the humeral head will often 
proceed, leading to a cutout of the locking screws 
into the shoulder joint (Fig. 12.6). The osteopo-

rotic humeral head is not strong enough to resist 
the stiff implant. Reverse shoulder arthroplasty  
is still an option as a salvage procedure,  
but the outcome is inferior to primary arthro-
plasty [8].
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Fig. 12.6  Failure of a locking plate osteosynthesis. The 
humeral head has collapsed, and the screws protrude into 
the joint. The result is pain and damage to the cartilage 
and the glenoid bone

12.4	� Indications for Locking Plate 
Osteosynthesis

When an orthopedic resident on call faces a chal-
lenging clinical case, digital platforms are avail-
able and commonly consulted. One of the most 
popular platforms worldwide is the AO Surgery 
Reference [9]. If shoulder fractures are searched, 
the platform recommends locking plates in 
“selected 2-part, 3-part, and 4-part fracture 
patterns.”

In two-part fractures, osteoporotic bone is 
mentioned as a supporting indication. Another 
popular platform, Orthobullets, recommends 
locking plates in displaced two-part fractures 
[10]. If no colleague with up-to-date knowledge 
is available, the patient will be prepared for sur-
gery with a locking plate. Few residents will have 
the time to search for high-quality clinical 
evidence or have the stamina to choose a non-

surgical option for a patient with a displaced frac-
ture. When preparing the patient for surgery, the 
resident will look for the surgical technique guide 
from the implant provider to check if implants 
and instruments are in stock. Again, the indica-
tion for surgery with a locking plate is confirmed. 
One of the leading implant providers states that 
the indications for locking plates are “dislocated 
two-, three-, and four-fragment fractures of the 
proximal humerus, including fractures involving 
osteopenic bone” [3].

This message raises a new challenge. What is 
a dislocated fracture? In orthopedic lingo, a dis-
located fracture is used synonymously with any 
fracture not in anatomical position. In shoulder 
fractures, however, a fracture-dislocation has a 
distinct meaning. A fracture is dislocated if there 
is a complete separation of the humeral head and 
the glenoid accompanied by a fracture. This is an 
uncommon injury calling for immediate action. 
The confusion is more than semantic. If any 
shoulder fracture not in anatomical position is 
termed dislocated, it provides grounds for surgi-
cal treatment of all displaced shoulder fractures. 
Recently, the implant provider changed the indi-
cation found in the surgical technique guide to 
“fractures and fracture dislocations … particu-
larly for patients with osteopenic bone” [11]. 
This statement authorizes the use of locking 
plates in any shoulder fracture.

Another popular indication is fractures unsuit-
able for non-surgical treatment, indicating that 
non-surgical treatment is the treatment of choice. 
Still, the phrasing authorizes operative treatment 
of any fracture. Fracture instability is another 
common indication for surgical intervention and 
intuitively appeals to orthopedic surgeons: 
“Whereas stable fractures are generally and suc-
cessfully treated by closed means, the majority of 
unstable and displaced fractures require surgical 
treatment” [12].

An unstable fracture should be operated on. 
If you want to operate on a fracture, you term it 
unstable, which means it needs surgery: an 
unstable fracture is a surgical problem, and sur-
gical problems have surgical solutions. This 
rhetoric puts evidence-based arguments and 
patient preferences under pressure. Justifying 
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surgery by referral to fracture stability is a cor-
nerstone in orthopedic reasoning—but when is a 
shoulder fracture unstable? This is rarely 
defined; if it is specified, it may refer to the sta-
bility of the fracture when tested by manipula-
tion under fluoroscopy, meaning the patient 
needs to be anesthetized and prepared for open 
surgery to determine the stability. This is not a 
very useful criterion for determining indications 
for surgery. In clinical practice, a fracture is 
termed unstable if the position of the fragments 
has changed between two radiographic assess-
ments. In osteoporotic bone, however, displaced 
shoulder fractures settle to some degree before 
they heal. It is still possible to achieve solid heal-
ing and pain-free shoulder function without 
needing to fix the fracture.

12.5	� The Evidence Base 
for Locking Plates 
in Shoulder Fractures 
in Elderly

The first randomized trial comparing locking 
plate osteosynthesis to non-surgical treatment 
appeared in 2011 [13]. A Swedish group random-
ized 60 patients with three-part fractures and a 
mean age of 74. Follow-up was at 2  years and 
included range of motion, shoulder function 
(DASH and Constant Score), and health-related 
quality of life (EQ-5D). They reported 13% 
major reoperations and 17% minor reoperations. 
Screw penetration into the shoulder joint was 
reported in 17%. Re-displacement into varus was 
seen in 23% of the patients. Interestingly, the 
authors conclude:

The results of the study indicate an advantage in 
functional outcome and quality of life in favor of 
the locking plate as compared to nonoperative 
treatment in elderly patients with a displaced 
3-part fracture of the proximal humerus. [13]

A closer look at the data reveals that the pre-
defined level of statistical significance was not 
reached for any outcome. At the moment the 
study was conducted, belief in the superiority of 
locking plates was at its highest. The implant  
was unlikely to be no better (or even worse) than 

non-surgical treatment. This led the authors to 
report non-significant results indicating an 
implant advantage. They assumed that if the 
study had been better powered, it would have 
shown the benefits of surgery.

In 2012, a Norwegian group randomized 50 
patients aged 60 or above with three- and four-
part fractures to locking plate or non-surgical 
treatment. Shoulder function was assessed after 
1 year using Constant Score and ASES Score. As 
expected, the radiographic pattern was better in 
the surgical group, but no differences were found 
in shoulder function. They concluded:

… there is no evidence that ORIF with an angular 
stable device of severely displaced B2 and C2 
proximal humeral fractures in elderly patients 
using angular stable device [results] in better func-
tional outcome compared with conservative closed 
treatment. [14]

In a pragmatic British multicenter trial from 
2015, 250 patients (mean age 66) with mainly 
two- and three-part fractures were randomized to 
surgeons’ choice or non-surgical treatment [15]. 
Surgeons chose a locking plate in 83% of all 
operative cases. No between-group differences in 
shoulder function (Oxford Shoulder Score) or 
health-related quality of life (Short Form-12) 
were reported at 6 or 12 months or subsequently 
after 2 and 5 years [16].

A Nordic group randomized 88 patients aged 
60 or above with two-part fractures to locking 
plate osteosynthesis or non-surgical treatment. At 
2-year follow-up, no differences were found in 
function (DASH, Constant Score, Oxford 
Shoulder Score) or health-related quality of life 
(EQ-5D). The authors concluded: “These results 
suggest that the current practice of performing 
surgery on the majority of displaced proximal 
2-part fractures of the humerus in older adults 
may not be beneficial” [17].

In summary, the four randomized trials con-
ducted thus far have not shown locking plate 
osteosynthesis to be superior to non-surgical 
treatment (Fig. 12.7). As discussed in the follow-
ing section, it has become increasingly evident 
that complications specific to implants following 
locking plate osteosynthesis present a substantial 
challenge.
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Fig. 12.7  Forest plot summarizing the functional out-
come after 12 months in three randomized trials compar-
ing locking plates with non-surgical treatment. All 
estimates cross the vertical line of no difference. Data 
from the ProFHER trial are not included because the 

patients were randomized to surgeons’ choice, and base-
line differences could not be controlled. However, adding 
the data does not change the pattern of this figure and 
Fig. 12.8

Table 12.1  Risk factors for failure of locking plate 
osteosynthesis [24–29]

Lack of medial support
Low head-shaft angle
Varus collapse
Metaphyseal comminution
Osteoporosis
High age
Lack of anatomic reduction
Reduced humeral head height

12.6	� Failure of Locking Plate 
Osteosynthesis

Locking plates have been used in most shoulder 
fracture patterns. They have even been recom-
mended in Neer four-part fractures and AO Type 
C fractures. No results from randomized trials 
were available until 2011, but my colleagues and 
I reviewed the available clinical series and 
reported complication rates of 16–64% and reop-
eration rates of 11–27% in four-part fractures 
[18]. In Type C fractures, avascular necrosis was 
reported in 4–33%, screw perforations in 5–20%, 
loss of fixation in 3–16%, impingement in 
7–11%, and infections in 4–19% [19]. A review 
of 13 locking plate studies, including patients 
above 55 years, reported a complication rate of 
29.5% and a reintervention rate of 19% [20]. The 
most common complication reported was screw 
cutout linked to poor bone quality (Fig.  12.6) 
[21]. A review including 374 four-part fractures 
reported an overall complication rate of 49% 
[22]. More recently, a respected shoulder clinic 
reported a series of 173 shoulder fractures in 
older people treated with locking plates [23].  

The overall complication rate was 44%. The fail-
ure rate was 34%, defined as radiographic failure 
or need for reoperation.

Risk factors for clinical failure after locking 
plate osteosynthesis have been intensively stud-
ied to limit clinical failures. Table 12.1 summa-
rizes risk factors for failure. Ironically, the risk 
factors create a picture of a patient very similar to 
the average older person with a displaced shoul-
der fracture. Thus, this implant is probably not 
the optimal solution for displaced shoulder frac-
tures in older people.

The convincing biomechanical evidence and 
the concordance with the AO principles of ana-
tomical reduction and stable fixation have led to 
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a remarkable neglect of clinical failures. Faced 
with the failure of the trusted implant, orthopedic 
surgeons will often respond: “If the procedure 
fails, we need to improve the implant or perform 
the procedure differently.” The orthopedic com-
munity has had a hard time accommodating that 
this implant is simply not working well in this 
fracture in this population. Consequently, numer-
ous modifications have been proposed to decrease 
the clinical failure rate (Table 12.2).

In Chap. 11, I highlighted that the likelihood 
of undergoing additional surgery was twice as 
high after the initial surgery as opposed to non-
surgical treatment. Specifically, for locking 
plates, the risk of additional surgery is more than 
eight times higher for the locking plate group, as 
depicted in Fig. 12.8.

12.7	� The Locking Plate Epidemic

This section will analyze geographical trends in 
the use of locking plates during the first two 
decades of the millennium. Several companies 
adopted the new technology and introduced a 
number of almost identical implants to the market. 
Before public tendering, communication between 
surgeons and manufacturers was crucial for the 
promotion of new implants. However, this may 
lead to a focus on biomechanical properties at the 
expense of documenting patient outcome. The rap-
idly growing use of locking plates may have been 
influenced by factors beyond clinical evidence, 
such as effective marketing, lack of awareness 
about the scientific literature, and a strong belief in 
surgical skills and the advantages of surgery [30].

Access to reliable data on treatment outcome 
is scarce beyond the four randomized trials. 
While several national databases have been 
established to cover joint replacement surgery, 
data quality on joint-preserving techniques 
remains poor. Insurance companies have some 
data available, but implant companies are hesi-
tant to share it due to competition concerns. The 
most reliable data often comes from national 
administrative or reimbursement databases based 
on diagnoses and procedure codes.

In the Swedish Hospital Discharge Register, a 
12-fold increase in the overall rate of plate osteo-
synthesis was reported between 2001 and 2012 
[31]. The Finnish National Hospital Discharge 
Register reported a more than fourfold increase 
in locking plate osteosynthesis between 1998 and 
2009. The steepest increase was seen between 
2002 and 2009 [32]. The Danish National Patient 

Table 12.2  Examples of modifications to the procedure 
and implant for proximal humerus locking plates pro-
posed or implemented to reduce the failure rate

Minimally invasive techniques
Cement augmentation
Additional screws
Dynamic locking screws
Thinner plates
Carbon fiber plates
Supplemental medial blade
Supplemental anterior plate
Double plating
Combined nail and plate osteosynthesis
Fibular strut augmentation
Autologous iliac crest bone graft
Endosteal strut plate
Titanium cage in the medullary channel
Arthroscopically examination for screw penetration

Fig. 12.8  Risk of additional surgery after locking plate osteosynthesis
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Register reported a 13-fold increase in plate osteo-
syntheses between 2001 and 2011 [33]. A study 
based on the data from the Federal Statistical 
Office of Germany reported an increase in surgery 
of 39% between 2007 and 2016, with locking 
plates used in 48% of the surgeries [34]. In 
Portugal, the use of locking plate osteosynthesis in 
hospitalized patients increased from below 30% to 
above 45% between 2000 and 2016, according to 
the data from a national admission database [35].

While high-quality epidemiological data on 
implants are sparse outside Europe, similar trends 
have been reported. According to the Statewide 
Planning and Research Cooperative System data-
base in New York State, the use of locking plates 
increased from 47% to 59% of surgeries between 
2001 and 2010 [36]. Additionally, a sample from 
Medicare data reported a 29% increase in osteo-
synthesis between 2000 and 2005. A 20- to 
30-fold difference in surgery rates between hospi-
tals in the United States has been reported [37]. 
There have been limited studies on the epidemiol-
ogy of shoulder fractures in Asia, although the use 
of locking plates is extensive. According to the 
Korean Health Insurance Review and Assessment 
Service database, the surgery rate increased from 
25% in 2008 to 37% in 2016. In 2008, osteosyn-
thesis accounted for 72% of surgical procedures, 
while in 2016, it accounted for 86% [38]. 
According to two Australian national healthcare 
databases, there has been a reverse trend in the 
number of surgeries performed. Although the 
trend immediately after the introduction of lock-
ing plates in 2002 is not covered, a decrease in 
surgeries overall has been reported. Moreover, 
2008 surgeries accounted for 33%, while in 2017, 
the percentage decreased to 23%. Osteosynthesis 
accounted for 77% and 73%, respectively. The 
most significant decrease in surgery was observed 
between 2015 and 2017 [39].

In the Nordic countries, there has been a 
steady decline in the use of locking plates for 
osteosynthesis from the mid-2010s. While the 
registry-based studies cannot establish causal 
relationships, it is interesting to note that this 
trend coincides with the emergence of random-
ized trials [14–17] and meta-analyses [40, 41]. 
These studies have consistently reported that 
locking plate osteosynthesis is not superior to 

non-surgical treatment, which may, to some 
extent, explain the decline in the use of locking 
plates. A Swedish single center covering the 
period from 2011 to 2017 reported an overall sur-
gery rate of 23%. Additionally, locking plates in 
surgeries decreased from 47% to 25% [42]. 
Meanwhile, a Finnish study based on two national 
registries reported a 50% decrease in the use of 
locking plates between 2013 and 2019. The 
reduction was primarily observed in patients 
aged 60 years or older. In 2019, the overall sur-
gery rate was 13% [43]. In Denmark, my col-
leagues and I reported the percentage of surgeries 
for fractures decreased from 17% in 2013 to 11% 
in 2018 [33]. The rate of surgeries using locking 
plates remained steady at around 55%. In 2015, 
the Danish Orthopaedic Association published a 
national guideline recommending non-surgical 
treatment for two-, three-, and four-part fractures 
in older people.

In contrast to the Nordic trend, German prac-
tice seems unaffected by the clinical evidence. 
Locking plate osteosynthesis has remained the 
most popular procedure, with more than 35,000 
surgeries in 2016 [34]. The difference in practice, 
even between geographically and culturally close 
countries, is remarkable. German-speaking 
orthopedic communities, having a strong biome-
chanical tradition, may have placed less empha-
sis on conducting high-quality clinical trials to 
validate the biomechanical findings in relevant 
populations.

12.8	� Perspectives

Orthopedic surgeons have a strong inclination to 
bring broken bones together. This general 
approach does not, however, consider differences 
in upper and lower limb fractures, bone quality, 
the potential for spontaneous healing, functional 
demands, or the patient’s preferences and values. 
It is unclear why prominent orthopedic surgeons 
continue to carry out low-value procedures 
despite the availability of high-quality clinical 
evidence. While surgical traditions and a culture 
of acting could be contributing factors, commer-
cial interests, concerns over patient flow in pri-
vate clinics, ignorance of scientific literature, or 
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unquestioning confidence in one’s abilities may 
also be at play [30]. It is reasonable to assume 
that insurance companies, coming to an increas-
ing recognition of the lack of clinical evidence 
for the benefits of surgical treatment of shoulder 
fractures, will request less operative activity on 
older people. Healthcare administrators, politi-
cians, and patient associations are likely to come 
to the same conclusion.

Many surgical procedures currently being 
practiced do not align with evidence-based prac-
tice. Evidence-based practice involves the inte-
gration of the best clinical evidence with clinical 
expertise and the patient’s values and preferences 
[44]. For older people with shoulder fractures, 
locking plates are not the best option, despite the 
presence of clinical expertise in the operative 
procedure. This conclusion may be uncomfort-
able for some stakeholders. However, the de-
implementation of surgical treatment for the 
majority of shoulder fracture patients must not 
lead to indifference toward this large population 
of fracture patients. High-quality care for non-
surgically treated fracture patients is a core ortho-
pedic responsibility.
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13The Use of Reverse Shoulder 
Arthroplasty in Shoulder Fractures

13.1	� Reverse Shoulder 
Arthroplasty in Fracture 
Management

Paul Grammont (1940–2012) developed the 
reverse shoulder prosthesis in 1985 for the treat-
ment of advanced rotator cuff arthropathy. At 
that time, no treatment could be offered to these 
patients suffering severe pain and disability. The 
design appeared in the literature in 1993 [1]. 
Grammont also used his new prosthesis in an 
unpublished series of 22 patients with acute frac-
tures and fracture-dislocations between 1989 

and 1993 [2]. Grammont observed that the del-
toid’s function could be improved by medially 
and inferiorly shifting the center of rotation 
(Fig. 13.1). This adjustment created a new bio-
mechanical environment for the deltoid muscle, 
allowing it to compensate for the lack of or 
weakness in the rotator cuff muscles by increas-
ing tension and improving the lever arm for the 
deltoid abduction. Function is provided by 
recruiting anterior and posterior deltoid fibers to 
serve as abductors [3].

The device depends on the deltoid muscle for 
function, making it useful for patients with severe 

Fig. 13.1  The principle 
of medialization and 
distalization in the 
Grammont type of 
reverse arthroplasty. The 
design involves using a 
large glenoid 
hemisphere without a 
neck to articulate with a 
small humeral cup [4]. 
(With permission from 
Elsevier)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93604-3_13&domain=pdf
https://doi.org/10.1007/978-3-031-93604-3_13#DOI
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rotator cuff deficiency. While it was initially 
designed for patients with rotator cuff arthropa-
thy, older people with displaced shoulder frac-
tures face similar challenges. In three- and 
four-part fractures, the rotator cuff insertions are 
detached from the humeral head and need reat-
tachment to regain rotational movement. This can 
be obtained with or without surgical fixation. 
However, tuberosity healing often fails, whether 
to native bone or implants. Furthermore, many 
older people have preexisting rotator cuff insuf-
ficiency, rotator cuff tears during the trauma, or 
acute in chronic tears. This is the rationale for 
using reverse shoulder arthroplasty as the first-
line treatment in elderly with three- and four-part 
fractures and fracture-dislocations (Fig.  13.2). 
The procedure’s popularity or familiarity, how-
ever, is no guarantee of clinical benefit.

The popularity of reverse arthroplasty in frac-
ture management is remarkable, as it provides a 

nonanatomical solution. While osteosynthesis or 
anatomical prostheses aim to provide anatomical 
reconstructions, Grammont introduced a nonana-
tomical solution. Subsequent developments of 
reverse arthroplasty have focused on facilitating 
tuberosity fixation and ingrowth. The basic 
design, although biomechanically meaningful, is 
nonanatomical.

Some insights into the use of reverse shoulder 
arthroplasty can be obtained from the annual 
reports of national joint replacement registries. In 
the 2023 report from the British National Joint 
Registry, more than 600 reverse arthroplasties 
were implanted for fractures in 2022. The cumu-
lative number of reverse arthroplasties inserted 
since 2014 was 4380 [5]. The cumulative number 
of reverse arthroplasty for fractures in Australia 
since 2008 was 7648 [6]. Based on the data from 
the American National Inpatient Sample, an 
increase in reverse arthroplasty for fractures from 

Fig. 13.2  A 74-year-old self-reliant female suffering a 
painful two-part surgical neck fracture without bony con-
tact. A reverse arthroplasty was inserted, preceded by an 
osteotomy of the tuberosities. Subsequently, the tuberosi-

ties were fixed to the stem, and the rotator cuff was recon-
structed. Pre- and postoperatively radiographs. 
Peroperative photos of the humeral head removal and clo-
sure of the rotator interval
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2558 surgeries in 2012 to 8904 in 2017 has been 
reported [7].

Published reports on the outcome after reverse 
arthroplasty for shoulder fractures appeared in 
the mid-2000s [8]. In 2003, the American Food 
and Drug Administration approved reverse 
arthroplasty for “grossly rotator cuff deficient 
joint with severe arthropathy or a previous failed 
joint replacement with a grossly rotator cuff defi-
cient joint” [9]. Many series and reviews have 
been published. Reapplying the search string my 
colleagues and I used for a systematic review on 
reverse arthroplasty in fractures in 2013 [8] 
reveals an increase in PubMed references from 
190  in 2013 to 1578  in 2024. The procedure is 
now well-established globally as the preferred 
surgical treatment for displaced shoulder frac-
tures in older people. The abundance of research 
reports may add to the misconception that the 
clinical effect is firmly documented.

13.2	� The Evidence Base 
for Reverse Shoulder 
Arthroplasty in Fracture 
Management

Although many authors report treatment effects, 
only five randomized trials (<1%) have been con-
ducted and can provide reliable estimates of 
treatment effects [10–14]. This section focuses 
on the two randomized trials comparing reverse 
shoulder arthroplasty to non-surgical treatment 
[10, 11].

The first trial was published in 2019 [10]. In 
total, 62 patients aged 80  years or older with 
three- or four-part fractures were randomized to 
reverse arthroplasty or non-surgical treatment. 
The primary outcomes were the non-adjusted and 
adjusted Constant-Murley scores at 1 year. The 
predefined minimal clinically important differ-
ence was set at 8 points. A statistically and clini-
cally non-significant difference of 6 points in 
favor of surgery was found. The authors con-
cluded that reverse arthroplasty offers minimal 
benefits over non-operative treatment.

The second randomized trial appeared in 2024 
with the title Reverse Shoulder Arthroplasty or 

Nothing for Patients with Displaced Proximal 
Humeral Fractures [11]. As the title suggests, the 
options were reverse arthroplasty or nothing. 
Even their rehabilitation protocol seems included 
in “nothing.” The study is one of the few random-
ized trials in the field, which means a more diffi-
cult and time-consuming design than most 
observational studies. The protocol was regis-
tered in ClinicalTrials in 2018, while the publica-
tion was done in 2024. The conclusion in the 
abstract reads:

Treatment with reverse shoulder arthroplasty pro-
vides superior functional outcomes compared with 
conservative treatment for patients presenting with 
an acute proximal humeral fracture. The difference 
in CMS is close to the clinically significant thresh-
olds, and some harms are associated with the oper-
ative treatment.

Let us take a closer look at the data behind this 
puzzling conclusion. The study was a two-group 
multicenter, superiority, randomized trial that allo-
cated patients aged 70 to 90 with a three- or four-
part fracture to reverse shoulder arthroplasty or 
non-surgical treatment. The primary outcome mea-
sure was the unadjusted Constant-Murley score at a 
1-year follow-up. The primary analysis was the 
between-group difference in the overall Constant-
Murley score. The sample size calculation relied on 
a predefined minimal clinically important differ-
ence of 10 points in the Constant-Murley score. A 
mean difference of 8.84 points was reported.

Although the primary outcome was below the 
predefined threshold for clinical importance, sev-
eral outcomes turned out to be statistically signifi-
cant. In their discussion, the authors sought to 
justify a positive interpretation by considering the 
adjusted Constant-Murley score and breaking 
down the score for sub-analyses. They also 
referred to authors who had suggested a lower 
minimal clinically important difference for the 
Constant-Murley score. Their conclusion was that 
the clinical relevance of their findings was unclear:

Patients presenting a displaced proximal humeral 
fracture allocated to the RSA group obtained better 
outcomes than those assigned to nonoperative treat-
ment. However, the benefit was unlikely to be per-
ceived by participants. The risk of presenting a poor 
outcome based on the adjusted Constant-Murley 
score was higher in the nonoperative group [11].
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The strength of a randomized trial depends on 
a rigorous methodology and a clear interpreta-
tion. A treatment cannot be claimed to be supe-
rior if the average difference between the groups 
is less than the predefined minimal clinically 
important difference for the primary outcome. 
Drawing conclusions based on a misinterpreta-
tion of data is an example of spin: reporting prac-
tices that distort the interpretation of results and 
so mislead readers into viewing results in a more 
favorable light [15].

13.3	� The Limited Impact 
of a Negative Finding

Why was the enthusiasm for reverse arthroplasty 
for fractures not affected by the first trial, and 
why was the second trial’s data so challenging to 
interpret? Some answers can be found by exam-
ining the research activity in the 5 years between 
the two trials.

During this period, more than 200 observa-
tional studies and reviews were published; the 
majority of these were retrospective series or 
cohort studies with historical controls. The ques-
tion of whether reverse arthroplasty was better 
than non-surgical treatment was neglected to a 
remarkable degree. All studies shared the assump-
tion that reverse arthroplasty was superior in treat-
ing shoulder fractures. Observational studies with 
historical controls can be heavily confounded as 
patient selection and indications are rarely 
recorded and reported. Selection bias may occur 
if patients with specific pathologies and other 
patient-related factors are selected for surgery.

The numerous studies published on reverse 
shoulder arthroplasty during this period reported 
data on, among others, surgical approaches [16], 
the effect of tuberosity fixation [17, 18], the use 
of fracture stems versus conventional stems [19, 
20], the use of cemented versus uncemented 
stems [21, 22], suture techniques for tuberosity 
fixation [23], tension band technique [24], the 
impact of humeral inclination on tuberosity heal-
ing [25, 26], an offset modular system with bone 
graft [27], medialized or lateralized center of 
rotation [28], the effect of humeral inclination 

and lateral offset of the glenosphere [29], exci-
sion of the supraspinatus tendon [30], and reha-
bilitation after reverse arthroplasty [31, 32].

The perceived superiority of reverse arthro-
plasty for fractures was justified by comparison 
with cohorts of other indications for reverse 
arthroplasty, including elective indications [33, 
34], degenerative conditions [35], and rotator 
cuff deficiency [25]. A series of publications 
compared acute and delayed procedures [36, 37] 
and reported outcomes after reverse arthroplasty 
for failed osteosynthesis [38, 39].

To demonstrate the superiority of reverse 
arthroplasty, several network meta-analyses 
were conducted [40–42]. In Chap. 12, I dis-
cussed some of the problems of conducting net-
work meta-analyses for surgical interventions. 
Most importantly, the indirect comparison of 
more than two interventions relies on the 
assumption of transitivity. The study popula-
tions included should be comparable at baseline, 
like in an imaginary randomized multiarm trial. 
The studies included in the three network meta-
analyses varied substantially regarding indica-
tions, procedures, age, and gender. Moreover, 
none of the network meta-analyses seemed to 
follow a predefined protocol or analysis plan, 
which allowed for various analytical scenarios 
and conclusions. We need direct comparisons of 
reverse arthroplasty and non-surgical treatment 
in randomized trials to obtain reliable effect esti-
mates. Network meta-analyses are not applica-
ble to heterogeneous surgical populations and 
interventions.

At least three ongoing trials compare reverse 
arthroplasty with non-surgical treatment. The 
ReShAPE trial is a combined randomized and 
observational cohort study, including patients 
aged 70 or older with three- or four-part frac-
tures [43]. It aims to recruit 72 patients. The pri-
mary outcome is the American Shoulder and 
Elbow Society score at 1  year. The Nordic 
DeltaCon trial aims to include 154 patients aged 
65–85 with three- or four-part fractures [44]. 
The primary outcome is QuickDASH score at 
2 years. The ProFHER-2 trial is a three-arm trial 
aiming to include 380 patients aged 65 or above 
with three- or four-part fractures or 
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fracture-dislocations from 40 NHS hospitals in 
the United Kingdom [45]. The patients with 
three- and four-part fractures are allocated in a 
2:2:1 fashion to reverse arthroplasty, hemiarthro-
plasty, or non-surgical treatment. Patients with 
fracture-dislocations are allocated 1:1 to reverse 
arthroplasty or hemiarthroplasty. The primary 
outcome is the Oxford Shoulder Score at 2 years. 
The challenge of recruitment to orthopedic ran-
domized trials is illustrated in protocol registra-
tions of the three ongoing trials in 2016, 2018, 
and 2018. Designing a trial to determine the 
optimal time for surgery is challenging and 
requires a multicenter setup and a common core 
outcome set. If only about 5–10% of fractures in 
older people require surgery, the pool of eligible 
participants becomes restricted. A randomiza-
tion process would need to take place at base-
line. Some in the delayed surgery group may 
cross over to non-surgical treatment. Future tri-
als are required for evidence-based decision-
making in the most challenging cases.

13.4	� The “Red Wine Effect” 
of Fracture Prostheses

National arthroplasty registries with high com-
pleteness can provide reliable data on implant 
survival. By merging data from Nordic arthro-
plasty registries, my colleagues and I reported a 
satisfactory cumulative implant survival rate of 
96% for 6756 hemiarthroplasties and reverse 
arthroplasties in acute fractures [46]. However, 
we also found that implant survival did not mirror 
patient outcomes in hemiarthroplasty procedures 
for fractures. In 2719 patients from the Danish 
Shoulder Arthroplasty Register, the 10-year 
cumulative implant survival rate was 95%. Still, 
we found that 25% of the patients had less than 
50% of their patient-reported shoulder function 
left, and 11% had less than 30% left [47]. 
Revision of failed reverse arthroplasty can be 
challenging, and an unknown number of patients 
with failed reverse arthroplasties may not be 
offered revision or are not fit for surgery.

Surprisingly, following patient-reported out-
comes over time from registry data may seem 

like the patients’ outcomes are improving, akin to 
a red wine that improves with age. This may 
cause some enthusiasm among implant providers 
and wishful surgeons. However, the apparent 
improvement is not a property of the implant or 
procedure but a consequence of patients with a 
poor outcome, leaving the cohort in a population 
with high mortality [48].

13.5	� “The Surgeon’s Fallacy”

In this section, I will discuss a commonly used 
strategy for justifying the use of reverse arthro-
plasty in fracture patients. This reasoning is typi-
cally used at scientific meetings when presenting 
observational data on the benefits of reverse 
arthroplasty. Although there may be variations of 
this argument, it essentially goes as follows:

“Reverse arthroplasty is better than 
hemiarthroplasty.”

“Reverse arthroplasty is better than locking plates.”
“Let’s use reverse arthroplasty!”

The first premise is an empirical claim that 
reverse arthroplasty is superior to hemiarthro-
plasty. Two randomized trials have investigated 
this question. A Swedish group randomized 99 
patients aged 70 or above with three- and four-part 
fractures to hemiarthroplasty or reverse arthro-
plasty [13]. The primary outcome was the unad-
justed Constant-Murley score at the final follow-up 
(minimum 2 years). The minimal clinically impor-
tant difference was predefined at 10 points. A sta-
tistically and clinically significant mean difference 
of 11.1 points was reported. The authors concluded 
that reverse arthroplasty provided better shoulder 
function than hemiarthroplasty.

Similarly, a Spanish group randomized 62 
patients aged 70 or above with three- and four-
part fractures, fracture-dislocations, and head-
splitting fractures to hemiarthroplasty or reverse 
arthroplasty [12]. The primary outcome was the 
unadjusted Constant-Murley score at 2 years of 
follow-up. The predefined minimal clinically 
important difference was set at 15 points. A sta-
tistically and clinically significant mean 
difference of 16.1 points was reported. It was 
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concluded that reverse arthroplasty resulted in 
less pain, better function, and a lower revision 
rate.

In a combined analysis of the two trials, 19 
complications were reported. These occurred 
more frequently in the hemiarthroplasty group 
(14 out of 81) compared to the reverse arthro-
plasty group (5 out of 79). Most reoperations (8 
out of 10) were performed on patients from the 
hemiarthroplasty group, with conversion to 
reverse arthroplasty. Therefore, data from these 
two randomized trials support the premise that 
reverse arthroplasty is superior to 
hemiarthroplasty.

The second premise is another empirical 
claim that reverse shoulder arthroplasty is supe-
rior to locking plate osteosynthesis. This ques-
tion was addressed in the multicenter DelPhi 
trial, which randomized 124 patients aged 
65–85 with AO B2 or C2 fractures to locking 
plate or reverse shoulder arthroplasty [14]. The 
primary outcome was the unadjusted Constant-
Murley score at the 2-year follow-up. The mini-
mal clinically important difference was 
predefined at 10 points. A statistically and clini-
cally significant mean difference of 13.4 points 
in favor of reverse arthroplasty was found. The 
authors concluded their data suggested an 
advantage of reverse arthroplasty over locking 
plate osteosynthesis in treating displaced proxi-
mal humeral fractures in older people. There 
were fewer complications in the reverse group 
(7/64) than in the locking plate group (11/60). 
Four reoperations were performed in the reverse 
group compared to seven in the locking plate 
group. Thus, the second premise of the superior-
ity of reverse arthroplasty over locking plate 
osteosynthesis is supported by data from a ran-
domized trial.

Now let us consider the conclusion that reverse 
arthroplasty should be used in shoulder fractures. 
While we found high-quality evidence to support 
its superiority compared to hemiarthroplasty and 
locking plate osteosynthesis, our findings are still 
compatible with the conclusion that reverse 
arthroplasty is less harmful than the other surgi-
cal options. In other words, we need to anchor 
our trials and demonstrate that any of these pro-

cedures are superior to no procedure. So far, ten 
randomized trials have reported no superiority of 
surgical procedures compared to non-surgical 
treatment. The studies have included hemiarthro-
plasty [49, 50], locking plate [51–53], hemiar-
throplasty or locking plate [54], surgeon’s choice 
[55], or reverse arthroplasty [10, 11]. Therefore, 
the conclusion is not valid. It might well be the 
case that reverse arthroplasty is superior to hemi-
arthroplasty and locking plate—but we still have 
to demonstrate that any of these implants is better 
than no implant.

13.6	� Perspectives

The question of acute versus delayed surgery can 
only be answered through randomization. 
Retrospective or prospective cohort studies can-
not answer the question as residual confounding 
at baseline cannot be controlled. It is unclear if 
the acutely operated share the same characteris-
tics as the delayed group. Patients who are not 
suitable for surgery or are hesitant to undergo 
surgery are not primarily operated on. However, 
if patients return with unbearable pain, they are 
more likely to undergo surgery. One might argue 
that if observational studies suggest acute surgery 
to be better than delayed surgery, why not per-
form acute surgery on all patients? Even if late 
surgery has a worse outcome than primary RSA, 
this does not justify that all patients should 
undergo acute surgery. This may lead to unneces-
sary surgeries and a substantial burden of revi-
sion surgeries. The trend toward operating on 
younger patients and less severe fractures and the 
steadily increasing number of implantations is 
concerning. Complications include dislocation, 
infection, hematoma, instability, nerve injury, 
reflex sympathetic dystrophy, acromion or scapu-
lar spine fractures, scapular notching, peripros-
thetic fractures, and baseplate failure. Revision 
surgery can be challenging, and excessive bone 
loss can be expected over time. Using a salvage 
procedure as the first-line treatment can have 
consequences for the patient. Current practice 
will be judged by the next generation of patients 
and surgeons.
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14Outcome After Shoulder Fractures

14.1	� Introduction

Agreeing upon the relevant measuring instru-
ments before collecting and comparing outcome 
data is essential. Should the instruments be objec-
tive, subjective, or a combination of both? 
Deciding who administers the instruments and 
determines the relevant domains and items is also 
essential. Over the years, surgeons have favored 
objective outcomes, which usually involve mea-
suring factors such as range of motion, strength, 
and radiographic assessments. The line between 
objective and subjective outcomes is not clearly 
defined, but could impact the risk of bias in clini-
cal trials [1]. Using composite outcomes like the 
Constant-Murley Score (CMS) may further chal-
lenge the assessment of the risk of bias in the 
measurement. Objective outcome measures influ-
ence how surgeons interpret the treatment results 
and can aid in assessing surgical quality. However, 
they may not necessarily align with patients’ val-
ues and preferences. To practice evidence-based 
surgery, we need to consider the clinical exper-
tise, the best available evidence, and the patient’s 
values and preferences [2]. Patients must be con-
sulted to know if our treatments are successful. If 
we rely only on the surgeon’s assessment of 
patient outcome, there is a risk of missing impor-
tant information from the treatment recipient. In 
this chapter, I will discuss the use of outcome 
instruments following shoulder fractures.

14.2	� The Landscape of Outcome 
Assessment Instruments

There is no agreed-upon core outcome set for 
patients with shoulder fractures. Current out-
come assessment measures have been adapted 
from other populations and contexts unrelated to 
fractures. Rheumatologists have attempted to 
identify all outcome measures used in random-
ized trials and prospective comparative studies 
for all shoulder conditions and have taken steps 
to establish a core outcome set for shoulder disor-
ders [3]. They have identified 31 unique outcome 
measures from randomized trials, including rat-
ings of complications, hardware problems, and 
CMS [4].

A systematic review identified 22 outcome 
measures in 74 research reports of outcome fol-
lowing shoulder fractures. A considerable vari-
ability in outcome choice was found [5]. The 
CMS was the most popular instrument (65%), 
followed by the Disabilities of the Arm, Shoulder 
and Hand (DASH) score (31%), pain visual ana-
log scale (27%), and the American Shoulder and 
Elbow Surgeons (ASES) shoulder score (18%).

My colleagues and I included 47 randomized 
trials in the latest Cochrane review [6]. Most tri-
als used a combination of instruments, commonly 
a shoulder-specific instrument and a generic 
health-related quality-of-life (HRQoL) instru-
ment. The CMS was the most popular instrument 
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used in 33 of 47 trials. Fourteen trials reported a 
DASH or QuickDASH score. Oxford Shoulder 
Score (OSS) was used in six trials, while five 
older trials used the Neer score. Three studies 
used the ASES score. Nine trials reported the 
generic HRQoL instrument EuroQol-five dimen-
sions (EQ-5D). Four studies used Short-Form 
(SF-12 or SF-36).

14.3	� Properties of Outcome 
Assessment Instruments

A few distinctions can be helpful before discuss-
ing the use of outcome instruments in shoulder 
fracture patients. Outcome assessment instru-
ments can be divided into physician-reported and 
patient-reported instruments. In patient-reported 
outcomes (PROs), the assessment comes directly 
from the patient without any interpretation. 
Although several PROs are used to evaluate 
shoulder fracture patients, no PRO has been 
developed specifically for shoulder fracture 
patients. Measuring instruments can be divided 
into patient-administered and observer-
administered instruments. The CMS is an exam-
ple of an instrument that includes patient-reported 
data (pain and activities of daily living) but is 
administered by the observer, usually the treat-
ment provider. Thus, the patient reports pain to 
the surgeon, who registers the pain and calculates 
the score. Outcome assessment instruments can 
further be condition-specific or generic. Although 
we have no shoulder fracture-specific instru-
ments, several have been developed for other 
shoulder conditions (OSS and ASES) or upper 
extremity-specific instruments (DASH). Generic 
instruments include questionnaires to assess 
health-related quality of life like EQ-5D or SF-36.

Finally, outcome-measuring instruments can 
be patient-derived or physician-derived. Most 
PROs are physician-derived: the physician 
decides what is important for the patient to report 
to them. Although the patient reports the out-
come, the extent to which the reported outcome 
captures areas of interest for the patient is less 
clear. In patient-derived PROs, the instrument is 
developed with the patient as an important col-

laborator. Typically, items are chosen and dis-
cussed in focus groups, and hierarchies of items 
are decided. A questionnaire is defined based on 
the selected items and subsequently validated in 
the relevant population. Patient-derived PROs 
have been developed in other medical specialties 
[7, 8] and can be expected to be introduced for 
orthopedic conditions.

14.4	� The Constant-Murley Score 
and Its Limitations

CMS is the most popular outcome instrument for 
assessing outcome in patients with shoulder frac-
tures. A PubMed search on (“Shoulder 
Fractures”[Mesh]) AND (constant score) 
revealed 844 studies referring to the Constant 
Score out of 4285 papers on shoulder fractures. 
The score was developed as a general tool for 
assessing shoulder function [9, 10]. CMS is an 
observer-administrated, composite outcome, 
including patient- and physician-reported items. 
The score ranges from 0 to 100, with 100 being 
the best. The instrument consists of four parts: 
pain (0–15, no pain = 15 p), activities of daily liv-
ing (0–20), range of motion (0–40), and strength 
(0–25). The questions cover the previous 
24 hours. Objective outcomes (65/100) outweigh 
subjective outcomes (35/100). The measuring of 
strength relies on a dynamometer. The total score 
can be modified (or normalized) according to age 
and gender or be compared with the opposite 
shoulder function [11, 12].

When using CMS to assess older people with 
shoulder fractures, it is essential to consider cer-
tain limitations:

•	 Biases from both patients and observers may 
influence observer-administered outcomes.

•	 The use of a dynamometer requires 
standardization.

•	 Testing strength three times on each side is 
time-consuming and challenging for patients, 
observers, and trial logistics.

•	 Covering every shoulder pathology makes 
distinguishing impacts from different or over-
lapping conditions challenging.

14  Outcome After Shoulder Fractures



153

•	 Pain measurement is poorly defined and often 
reported without reference to activity or time; 
assessing pain on a 0–15-point scale is unin-
tuitive, and low observer agreement has been 
reported [13].

•	 The range of motion and the amount of weight 
lifted at 90° of abduction may not be very 
important for older people with shoulder frac-
tures. For an elderly patient, having a pain-
free shoulder with less than 90° of arm 
abduction may be acceptable; having less than 
90° of arm movement automatically results in 
a deduction of 25 points; however, meaning a 
floor effect can be expected for strength 
assessment in older people. The instrument 
subtracts a disproportionate number of points 
for decreased range of motion and strength.

The patient in Fig. 14.1 illustrates a discrep-
ancy between outcome assessment with CMS 

and patient perception. The treatment aim, 
expressed by the patient at the first visit, was to 
hold her grandchild again. This aim was obtained 
after 12 weeks. The patient was pain-free and had 
a good sleep at night. She remained self-reliant 
with a flexion at 120°. However, abduction 
remained at 80°. The total CMS was 47/100, 
indicating that less than half of the shoulder func-
tion was left. This did not reflect the patient’s 
perception.

The relationship between objective and sub-
jective outcome assessment instruments has not 
been thoroughly studied in shoulder fracture 
patients. The common assumption that the 
appearance of shoulder fractures on radiographs 
can predict the patient’s condition must be revis-
ited, especially for older people. More knowl-
edge about the predictive value of radiographic 
findings in older people with shoulder fractures 
is needed. Pain may be a better predictor of fail-

Fig. 14.1  A 77-year-old female with a medially and ante-
riorly translated two-part surgical neck fracture. The frac-
ture healed in malunion, but a firm lateral callus bridge 

was formed. The patient was pain-free after 6  weeks. 
Radiographs at admission and 12 weeks. Clinical photos 
at 12 weeks
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ure than radiographic appearance. Treatment 
decisions should not be exclusively based on 
radiographs, except in rare cases of fracture-dis-
locations and head-splitting fractures. Even 
severe malunion can be compatible with pain 
relief and patient satisfaction. We need the 
patients’ expertise to arrive at qualified clinical 
decisions.

14.5	� Patient-Reported Outcomes

Several patient-reported and patient-
administrated outcome assessment instruments 
have been developed for shoulder and upper limb 
disability. Although these tools were not origi-
nally designed for patients with shoulder frac-
tures, being developed for chronic shoulder 
conditions rather than traumatic conditions, they 
have been used to assess cases of fracture patients 
since the 1990s. The instruments aim to reflect 
relevant aspects in the restoration of activities of 
daily living among shoulder patients.

OSS is a patient-administrated shoulder-
specific questionnaire. It was developed in 1996 
to assess results after elective shoulder operations 
[14]. It consists of 12 questions or items, each 
answered on a 5-category Likert scale referring to 
the last 4 weeks. The total score is 0–48, with 48 
being the best. Several other ways to report the 
total score have been used. Percentages of a full 
score can be calculated for comparison. Several 
studies have reported that OSS correlates well 
with CMS. Baker [15] reported 3- and 12-month 
outcomes using CMS and OSS in a population 
(mean age 61) with nonoperatively treated shoul-
der fractures. The Pearson’s correlation coeffi-
cient between OSS and CMS was 0.84 (0.77–0.87). 
A regression equation for predicting CMS from 
OSS was proposed. Correlation studies may jus-
tify the pooling of data from different outcomes, 
but outcome instruments often do not measure the 
same. Although they may appear identical if the 
reported scores correlate well, pooling data from 
a patient-reported outcome instrument and a com-
posite outcome like CMS is not recommended.

The DASH score from 1996 was designed for 
the assessment of disabilities of the upper extrem-

ity [16]. It is patient-administrated and contains 
30 items. The instrument has demonstrated good 
psychometric properties but is lengthy for the 
patients. The QuickDASH has comparable psy-
chometric properties and is shorter.

The ASES score from 1994 combines a patient 
self-assessment (pain) 50/100 with a cumulative 
assessment of activities of daily living 50/100 (10 
items, including 2 items for sports). The instru-
ment’s psychometric properties have not been 
tested.

Several other patient-reported questionnaires 
have been proposed and used but have not been 
validated in patients with shoulder fractures.

The Shoulder Pain and Disability Index 
(SPADI) was developed in 1991 to assess disabil-
ity and pain in patients with shoulder disorders, 
including rotator cuff tears, impingement syn-
drome, frozen shoulder, and instability [17]. The 
University of California-Los Angeles (UCLA) 
shoulder scale was developed in 1981 to assess 
the result after shoulder arthroplasty [18]. The 
Western Ontario Osteoarthritis of the Shoulder 
(WOOS) index is a questionnaire developed in 
2001 to measure the shoulder-related quality of 
life in patients with shoulder osteoarthritis [19]. 
It is used by the Danish and Swedish shoulder 
arthroplasty registries to evaluate patients with 
shoulder replacement, including fracture arthro-
plasties. My colleagues and I have tested WOOS 
using classical test theory [20] and item response 
theory using a Rasch model [21]. Recently, 
WOOS has been validated in fracture patients 
treated with shoulder arthroplasty [22]. The 
national joint registries in New Zealand, the 
United Kingdom, and Norway are collecting 
OSS for patients treated with fracture prostheses. 
To my knowledge, no national fracture register 
collects patient-reported outcome after osteosyn-
thesis or non-surgical management.

14.6	� Perspectives

Various outcome instruments with different prop-
erties are available to assess recovery following 
shoulder fractures. While no instrument has been 
specifically developed for this patient group, 
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some instruments designed to evaluate chronic 
shoulder conditions have been utilized. The 
absence of agreement on assessment instruments 
has several implications. Bias assessment relies 
on the outcome instruments when assessing and 
interpreting clinical research. Further, data from 
patient-reported outcomes and objective out-
comes cannot be quantitatively analyzed together. 
This is a challenge for summarizing clinical evi-
dence. The focus on range of motion, strength, 
and radiographic alignment may shift attention 
from the patient’s preferences to the surgeon’s 
preferences. But it is nevertheless essential to 
recognize that patients’ preferences vary, and the 
average preference may not apply to the individ-
ual patient. There is a need to involve the patient 
more in the assessment process to ensure that the 
treatment creates value for the patient.

Ideally, what qualities should an instrument 
possess to assess outcomes in older people fol-
lowing shoulder fractures? The tool should be 
based on patient input, including relevant ques-
tions and capturing values and preferences. It 
should be sensitive to symptoms specific to the 
condition, and its validation should be performed 
on the appropriate patient population.

Qualitative research can help capture social 
and psychological factors. A qualitative study 
reported semi-structured interviews with 15 older 
people with shoulder fractures. The authors iden-
tified seven main themes: pain, lack of sleep, 
shoulder function, emotional state, social support 
network, relationships with healthcare profes-
sionals, and relationships with healthcare institu-
tions [23]. They concluded that the ability to 
adapt is essential and suggested that adaptive 
behavior should be part of a future PRO.

For some time, I have been asking my shoul-
der fracture patients about their concerns at dif-
ferent stages of recovery. The responses included 
“Will I be able to hold my grandchild again?” 
“Can I take care of my husband, who has demen-
tia?” “Can I keep the silverware for my neigh-
bor’s 25th wedding anniversary?” “Will I be able 
to drive again?” “Can I do the vacuuming?” “Can 
I attend choir practice while wearing the sling?” 
Older people seem concerned about specific daily 
activities, particularly those related to emotional 

and social aspects of life. These activities require 
a certain level of movement and strength—but it 
is crucial to remain receptive and prioritize 
according to the patient’s concerns.
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15Complications After Shoulder 
Fractures

15.1	� Introduction

Consistent reporting of benefits and harms is cru-
cial for high-quality patient care and research, 
whether the interventions are surgical or non-
surgical. Not enough attention has been given to 
defining and specifying the various harmful out-
comes that may result from a given intervention. 
The fact that randomized trials comparing surgi-
cal and non-surgical interventions have been 
unable to identify the superiority of any treatment 
modality has increased the interest in possible dif-
ferences in harms. Balanced clinical decision-
making calls for valid harm data. This chapter 
introduces a consensus-based standardized termi-
nology for complication terms and definitions.

15.2	� Complications After  
Non-surgical Treatment 
of Shoulder Fractures

When recommending non-surgical treatment, 
concerns are raised about the potential complica-
tions that may arise without anatomical reduc-
tion, internal fixation, or joint replacement. There 
is a lack of validated definitions and terms for 
complications. Consistency in reporting is 
required to summarize harm outcomes across 
studies of interventions, whether surgical or non-
surgical. Many of the complications described in 

the literature concern surgical procedures and 
implants. This reflects a bias toward surgical 
treatment in the scientific literature. A bibliomet-
ric study reported that around 70% of the papers 
on shoulder fractures focused on surgical inter-
ventions. Non-surgical treatments accounted for 
less than 5% of the papers [1].

To identify and describe terms and definitions 
for complications arising after treating shoulder 
fractures, my colleagues and I conducted two 
systematic reviews [2, 3]. We identified over 700 
terms; some were synonymous, some were partly 
overlapping, and some were distinct. The terms 
and definitions reported after non-surgical treat-
ment were extracted, and complication terms 
associated with non-surgical management were 
analyzed qualitatively [2]. After excluding redun-
dant terms, we identified 67 distinct terms for 
unfavorable local events after non-surgical treat-
ments. We found no general definition of a 
complication.

The terms could be classified into seven broad 
event groups. The largest group, osteochondral, 
covered 39 terms, including malunion, delayed 
union, nonunion, osteonecrosis, tuberosity 
migration or resorption, secondary displacement, 
and arthritis. All terms in this group were radio-
logically defined. Twenty-one terms were 
grouped as soft tissue (deep), including impinge-
ment, rotator cuff problems, and joint stiffness. 
The remaining event groups included instability, 
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shoulder pain, nerve injury, and superficial soft 
tissue problems. Only seven terms were accom-
panied by a definition; six were radiologically 
defined, and one regarded loss of strength.

15.3	� Complications After Surgical 
Treatment of Shoulder 
Fractures

In the second systematic review, we reported 694 
local event terms for complications after surgical 
treatment, with 345 related to locking plates [3]. 
Only 36 of the 694 identified event terms were 
defined. Some event terms were specific to an 
implant—acromion fracture, scapular notching, 
and screw penetration, for example; others over-
lapped across treatment modalities: for example, 
infection, nonunion, and implant failure. Events 
related to the injured shoulder were classified into 
nine major event groups: osteochondral, implant/
device, infection, instability, pain, peripheral neu-
rological, vascular, soft tissue (deep), and soft tis-
sue (superficial). The events that occurred locally 
were categorized into 39 specific complications. 
Most of these terms were radiology-based, which 

included screw perforation/cutout, secondary 
fracture displacement, scapular notching, delayed 
union, and malunion. No overall definition of a 
complication was found, however. The most com-
monly reported complication terms were implant 
failure, infection, loss of reduction, impingement, 
pain, stiffness, dislocation, avascular necrosis, 
and malunion.

15.4	� Toward a Core Event Set 
for Complication Reporting

To promote consistency in reporting complica-
tions after head-preserving treatments, we gath-
ered an international panel of 231 clinicians 
experienced in treating patients with shoulder 
fractures [4]. Using a modified Delphi method, 
the participants reached a consensus (>90% 
agreement) on a core set of intraoperative, post-
operative, and nonoperative local event terms. 
Two iterations were performed before the pre-
defined level of consensus was reached. Three 
groups of intraoperative events and eight groups 
of postoperative and nonoperative events were 
defined (Table 15.1).

Table 15.1  Consensus-based event groups for reporting complications after head-preserving treatments for proximal 
humerus fractures

Event group Event terms (selected) Period
Intraoperative Device Instrument problem (breakage, failure)

Implant problem (breakage, screw penetration to 
joint)
Cementation problem (augmentation)

Between skin incision 
and skin closure

– Osteochondral Articular cartilage damage
Iatrogenic fracture

–

– Soft tissue Skin, muscle, tendon, joint, capsule, labrum
Blood vessels (bleeding requiring intervention)
Nerve damage

–

Postoperative/ 
nonoperative

Implant/device 
(surgical)

Mispositioning
Implant loosening (radiolucency)
Screw or bolt back out
Implant breakage
Implant migration

12 months

– Device 
(non-surgical)

Breakage of loosening of external device (bandage) During the use of the 
device

(continued)
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Event group Event terms (selected) Period
– Osteochondral 

(surgical)
–
(surgical and 
non-surgical)
–
–

New fracture around the implant
Screw or bolt cutout
Loss of fracture reduction
Bone formation/resorption
Tuberosity migration/resorption
Head necrosis
Delayed union/nonunion

24 months

– Shoulder instability Subluxation
Dislocation
Dynamic instability

12 months

– Peripheral 
neurological

Cervical or brachial plexus
Branch neuropathy
Autonomic (CRPS)

3 months

– Vascular Hematoma requiring evacuation
Thrombosis at the involved extremity
Ischemia requiring intervention

30 days

– Infection Fracture-related infection 24 months
– Soft tissue 

(superficial)
Requiring additional treatment
Early events: Edema, emphysema, burn, delayed 
wound healing, hypersensitivity, necrosis, bulla
Late events: Hypertrophic scar and keloid

30 days to 6 months

– Soft tissue (deep) External muscular envelope (deltoid, pectoralis major)
Subacromial/deltoid/coracoid bursa (space)
Rotator cuff tendon/muscle and biceps tendon
Capsule-synovium

12 months

Modified from [4]. A comparable core event set for complications after shoulder arthroplasty can be found in [5]

Table 15.1  (continued)

15.5	� Radiographic Monitoring

Standardized monitoring is essential for ensuring 
reliable and reproducible outcome reporting. 
Most follow-up protocols for shoulder fractures 
include radiographic monitoring. There is an 
ongoing debate about routine radiographic moni-
toring, whether after surgical or non-surgical 
treatment. The terms and definitions of com-
monly used radiological findings are not clear. 
Consequently, we expanded the consensus-based 
study on complication terms to include the tim-
ing and type of diagnostic images. Through an 
iterative process, my colleagues and I proposed a 

consensus-based list of definitions for imaging 
parameters and a monitoring protocol for sup-
porting the management of shoulder fractures 
(Table 15.2) [6]. The consensus terms and defini-
tions still require clinical validation.

The preferred imaging views and modalities 
differed between and within countries. Sixty-five 
percent of the participants would add an axillary 
view to the plain perpendicular anterior-posterior 
and scapular Y-views. Forty-one percent of the 
participants would add CT and 3D reconstructions 
to the monitoring protocol. Only about half of the 
participants would stop monitoring the patients 
when the healing of the fracture was confirmed.

15.5  Radiographic Monitoring
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Table 15.2  Consensus-based definitions of radiological monitoring parameters [6]

Parameter Definition and specifications
Fracture anatomical 
reduction (surgical)

Are greater tuberosity and head reduced anatomically?
Are greater tuberosity and shaft reduced anatomically?
Are greater and lesser tuberosities reduced anatomically?
Are lesser tuberosity and head reduced anatomically?
Are lesser tuberosity and shaft reduced anatomically?

Fracture healing Healing: the presence of mineralized callus visible on at least two orthogonal radiographs 
or CT
Delayed healing: the absence of bridging callus on at least one of four cortices on two 
orthogonal radiographs taken at 3 months after fracture
Nonunion: absence of bridging callus on at least one of four cortices on two orthogonal 
radiographs taken at 6 months after fracture

Bone resorption The progressive disappearance of bone from the proximal humerus (either medullary or 
cortical) in excess to that expected during normal fracture healing
Epiphyseal: humeral head avascular necrosis is one form of epiphyseal bone resorption
Metaphyseal: involvement of the calcar region and/or the tuberosities (greater or lesser)
Diaphyseal: involvement of endosteal or periosteal regions

Head necrosis Epiphyseal bone resorption compared to immediate postoperative or initial nonoperative 
radiographs. Divided into four stages

Bone formation The progressive apposition of bone on or within the humerus, more than that required for 
fracture healing
Orthotopic bone formation (ossification) is bone formation within the confines of the 
bone, including the periosteum (e.g., excessive callus formation)
Heterotopic bone formation (ossification) is excess bone formation within or between 
tissues that are not destined to be or become bone under normal healing or loading 
conditions

Varus/valgus of head Slippage of the head in varus or valgus position leading to a secondary cutout of the 
screws through the head

Tuberosity migration Any perceived migration, in comparison to initial radiographs

15.6	� What Is a Radiological 
Complication?

The concept of radiological complications 
assumes a link between radiological appearance 
and patient outcome. After surgical procedures, 
radiological measures play a role in the postop-
erative assessment as a quality marker of the 
quality of reduction and the implant position. The 
role of radiological monitoring after non-surgical 
treatment has yet to be defined, however. 
Monitoring after surgical procedures cannot be 
transferred to non-surgically treated patients. 
Radiologically defined complications favor sur-
gery as surgery aims to restore or replace the 

anatomy assessed by postoperative radiographs. 
Close to 100% of non-surgically treated displaced 
fractures result in radiological complications 
(malunion), whereas more than 30% of locking 
plates lead to radiological complications. 
Studying the link between radiological complica-
tions and patient outcome is crucial for informed 
decisions and patient-centered care. It is interest-
ing to note that most complications following 
non-surgical treatment are identified through 
imaging.

While surgeons typically refer to images when 
they suspect a complication, it is not always clear 
if these radiological findings correlate with the 
patient’s clinical condition, especially after non-
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surgical treatment in older people. A wide range 
of radiological abnormalities seem to be 
surprisingly well tolerated in older people. 
Radiologically defined complication terms reflect 
our interpretation of the underlying biology of 
the injury. For example, the greater tuberosity 
will point toward the acromion in displaced frac-
tures with varus rotation of the humeral head. 
Consequently, the distance between the inferior 
surface of the acromion and the humeral head at 
an anterior-posterior view is decreased, often 
interpreted as impingement. There is a widely 
accepted belief in orthopedics that if a patient is 
experiencing pain in the subacromial area, it is 
because the bony parts are impinging on the sub-
acromial bursa and the supraspinatus tendon. 
However, the pain experienced by the patient is 
poorly correlated with the distance between the 
bony parts, and subacromial pain remains to be 
satisfactorily explained. The subacromial space 
is a three-dimensional structure with several 
degrees of freedom, allowing the greater tuberos-
ity to pass under the acromion without collision, 
which should be considered when assessing the 
acromiohumeral distance radiologically (Fig. 
3.10). The clinical impact of several radiologi-
cally defined complication terms needs further 
consideration.

Avascular necrosis is an interpretation of 
pathology interpreted from radiological charac-

teristics. The radiological appearance is inter-
preted as a loss of perfusion and gradual avascular 
necrosis of the humeral head. The radiological 
changes are poorly related to patient outcome. 
The diagnosis is rarely verified, except in humeral 
head removal with subsequent pathological 
examination, which is not performed routinely.

While the term fracture union is frequently 
used, its relationship with patient outcome is 
unclear. It is defined as mineralized callus visible 
on at least two orthogonal radiographs. The min-
eralized lateral and posterior callus bridges are 
visible on radiographs; the endosteal callus is 
challenging to define but is visible on CT scans. 
Both are illustrated in the illustrations by Robert 
William Smith from 1847 (Figs. 3.9 and 3.10) 
[7]. In cultures where open reduction and internal 
fixation are the treatment of choice in varus dis-
placed fractures, much attention is paid to restor-
ing medial (calcar) support. However, lateral 
bone bridging and endosteal callus formation 
seem to compensate for the lack of calcar support 
in older people. A CT scan without medial heal-
ing is expected at that point. If the radiological 
union is not obtained, different degrees of patho-
anatomical changes are diagnosed, extending 
from delayed union to prolonged delayed union 
to nonunion. However, a lack of radiological 
healing can be found in patients after pain-free 
shoulder function has been regained (Fig. 15.1).

Fig. 15.1  An illustration of the discrepancy between the 
clinical and radiological outcomes in a 73-year-old 
woman with a medially translated surgical neck fracture. 
Radiographs were taken at admission and 6 months, along 

with photos at 6  months. Although the radiographs 
showed nonunion, the patient had a pain-free shoulder and 
normal shoulder function

15.6  What Is a Radiological Complication?
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Fig. 15.2  Radiological and clinical nonunion in an 
89-year-old female with a two-part surgical neck fracture. 
The patient had no pain and refused surgery. The case 
illustrates the shoulder’s mobility without bony continuity 

in the proximal humerus. The strength was limited, but the 
patient was satisfied. Radiographs and clinical photos at 
6 months

Some older individuals may prefer a reduction 
in strength to avoid surgery. Even when there is 
no bony contact between the humeral head and 
shaft, some level of shoulder function can be 
retained, as shown in Fig. 15.2.

Primary fracture displacement can be consid-
ered a continuum, with an arbitrary set cutoff 
value for defining the point at which displace-
ment is held to occur. Most radiologically defined 
complications can be viewed as a continuum con-
verted to a binary classification. Common com-
plication terms like varus or valgus displacement, 
humeral head collapse, tuberosity migration, and 
translation of the humeral shaft are arbitrarily 
defined categories used for clinical communica-
tion and decision-making. The extent to which 
they have prognostic value has yet to be demon-
strated. It was assumed in our radiological moni-
toring protocol that binary questions were less 
prone to observer variation [6]; this, however, 
also requires demonstration.

Previous studies on clinicians’ ability to deter-
mine an arbitrary cutoff in a continuum have 
been disappointing. In an observer study among 
24 orthopedic doctors classifying 42 pairs of 
plain radiographs, my colleagues and I reported a 
kappa value of 0.41 on the binary distinction 
between displaced and non-displaced [8]. We 
have no reason to believe that observer agree-
ment would be higher for other radiologically 
defined categories.

Head collapse is another radiologically 
defined complication defined from a continuum. 
It can be found in most head-preserving treat-
ments, whether surgical or non-surgical. The 
consequences for the patient are, however, very 
different. Penetration of locking screws into the 
glenohumeral joint is a devastating complication 
associated with pain, additional surgery, and poor 
functional outcome (Fig. 15.3).
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Fig. 15.3  Example of humeral head collapse with and without a head-preserving implant

15.7	� Malunion: Friend or Foe?

It was not easy to obtain consensus on the defini-
tion of malunion. Malunion means healing in a 
nonanatomical position. Malunion can appear 
after surgical and non-surgical treatment, but has 
different meanings and clinical implications. 
Etymologically, malunion is associated with neg-
ative connotations, as the prefix mal means bad or 
wrong. In contrast, osteosynthesis has positive 
connotations, as osteo refers to bone and synthesis 
refers to putting things together. It appeals to the 
intrinsic human trait of mending broken things.

Osteosynthesis aims to restore the anatomy 
and to provide stable internal fixation in anatomi-

cal position. After head-preserving surgery, mal-
union can occur due to poor reduction, secondary 
loss of reduction, or failed tuberosity fixation. 
With rigid implants (locking plates and locking 
nails), the consequence of malunion will often be 
penetration of the locking screws into the gleno-
humeral joint. After joint replacement, malunion 
of the tuberosities can occur. After non-surgical 
treatment of displaced fractures in adults, some 
degree of malunion is expected. Malunion seems 
well tolerated, especially in older people, where 
callus bridging and progressive mineralization 
can be expected, even in severely displaced frac-
tures (Fig. 15.4).

15.7  Malunion: Friend or Foe?
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Fig. 15.4  The natural healing of three successive dis-
placed humerus fractures involving the proximal humerus, 
the humeral shaft, and the distal humerus. The patient 
refused surgery but regained pain-free shoulder function 

below shoulder level. Vis medicatrix naturae (the healing 
power of nature) should not be underestimated in fracture 
management

15  Complications After Shoulder Fractures
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15.8	� Impairment of Rotational 
Mobility and Proprioception

Loss of mobility and strength can be expected in 
older people after shoulder fractures—but the 
literature does not discuss impairment of pro-
prioception that may also ensue. Despite suc-
cessful healing, for example, some patients 
cannot perform precise and targeted movements 
with their outstretched arm when pouring cof-
fee. Malunion may be linked to proprioception 
compromised on account of alterations in the 
anatomy of the proximal humerus. Regaining 
internal and external rotation requires proper 
healing of the tuberosities in anatomical posi-
tion. The greater tuberosity plays a vital role in 
balancing the shoulder joint. Posterior displace-
ment of the greater tuberosity is often followed 
by impairment of external rotation regardless of 
the treatment modality. The tuberosity may 
remain displaced posteriorly despite satisfac-
tory restoration on anterior-posterior radio-
graphs. The use of locking plates in 
osteosynthesis may have unwanted conse-
quences for patient mobility if greater tuberos-
ity displacement is not addressed during the 
procedure, regardless of the focus on restoring 
the medial cortex and the head-shaft angle.

15.9	� Perspectives

The surgical culture is decisive for determining 
when a complication occurs in a fracture patient. 
In a culture where treatment success is judged by 
radiographic alignment, bringing broken bones 
together and providing stable fixation is rational 
behavior. Treatments differing from usual care 
and resulting in fracture healing in a nonanatomi-
cal position are considered failures or neglected 
cases. However, without including the patient’s 
assessment, radiology-based assessments and 
decisions are blind. The missing link is the asso-
ciation between radiographic parameters and 
patient outcome. Until such links are empirically 

established, imaging modalities should not be 
used as the sole basis for clinical decision-making 
and outcome assessment.
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16Bridging the Evidence-Practice 
Gap in Shoulder Fracture 
Management

16.1	� Introduction

Many procedures and implants have been intro-
duced based on biomechanical reasoning, a lim-
ited number of clinical cases, and effective 
marketing, rather than on results from well-
conducted randomized trials. This presents a 
dilemma for the treating surgeons. On the one 
hand, new effective treatments should be avail-
able to patients without unnecessary delay; on 
the other hand, surgeons have a responsibility not 
to perform unnecessary or harmful treatments. 
The absence of results from randomized trials 
leaves patients and surgeons in an evidence gap. 
A new dilemma arises if randomized trials are 
subsequently conducted. If the new evidence 
does not align with established practice, an 
evidence-practice gap will emerge.

How do surgeons think and act when evidence 
from randomized trials does not conform with 
established practice? Surgeons familiar with cer-
tain implants and procedures are often reluctant 
to change their practice despite conflicting evi-
dence. This reluctance can result in a delay in de-
implementing unnecessary or harmful 
treatments.

In this chapter, I will first discuss obstacles to 
accommodating the increasing evidence of non-
superiority of surgical treatment for shoulder 
fractures. Second, I will both discuss what hap-
pens if we do not operate on older people with 
displaced shoulder fractures and present prelimi-

nary data from a large prospective cohort study of 
patients treated non-surgically; I will also pro-
pose systematic data collection to support sur-
geons in clinical decision-making and narrow the 
evidence-practice gap.

16.2	� Barriers to Accommodate 
Evidence

How have orthopedic surgeons responded to the 
message of the non-superiority of surgical inter-
ventions for proximal humerus fractures? The 
following four statements, each followed by a 
critical response, paraphrase reactions following 
our Cochrane review in 2015 [1].

Statement One: “If this is the evidence, the 
evidence must be wrong”
When deciding on treatments, the options we will 
consider are influenced by our prior beliefs. 
Suppose you firmly believe any displaced frac-
ture in a long bone should be reduced anatomi-
cally and fixed. In that case, you can hardly 
imagine a study leading to a change in your 
belief. If a treatment does not align with common 
practice, more supporting evidence is requested. 
This raises the question of how much evidence is 
needed to adopt or abandon a treatment. Are ten 
randomized trials finding no benefit from surgery 
sufficient to abandon surgical treatment, or do we 
need another ten? Who has the burden of proof? 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93604-3_16&domain=pdf
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The surgeons who establish a surgical procedure 
without high-quality evidence, or those who want 
to de-implement the same procedure based on 
results from randomized trials?

Another strategy is to wait for a study to report 
the superiority of surgery. Such a study can be 
expected for purely statistical reasons. With a 
conventional level of statistical significance 
(p  =  0.05), we will, on average, reach a false-
positive result in every 20 repeated trials. Such a 
trial can be interpreted as decisive, providing the 
first proper conclusion, superseding previous 
findings.

Finally, if the available data in existing ran-
domized trials do not support surgical treatment, 
the data can be misinterpreted in favor of the pre-
ferred treatment—spin occurs. This phenomenon 
can be found in several randomized trials on 
shoulder fractures [2, 3].

Statement Two: “The procedure works 
perfectly well in my hands, and I have very 
few complications in my clinic”
Orthopedic surgeons deliver timely and effective 
surgical interventions for musculoskeletal trauma 
and tend to have high confidence in their surgical 
capabilities. As surgeons, we are often aware of 
surgical failures at other institutions but may not 
recognize our own. We remember exceptional 
results and patients who complain, while those 
with outcomes between these extremes are for-
gotten if not systematically recorded. Very little 
is known about patients who receive non-surgical 
treatment outside of control groups in random-
ized trials. Therefore, it is crucial to systemati-
cally record outcomes for all fracture patients 
regardless of their treatment.

Statement Three: “If surgery is no better 
than no surgery, or the implant does not 
perform better than no implant, we need to 
improve the surgery or modify the implant”
Following dismal reports of outcomes after sur-
gery, a firm belief in the benefits of surgery may 
lead to a search for other surgical procedures or 
modifications of current procedures. In orthope-
dic lingo, statements like a surgical problem has 
a surgical solution are standard. Besides being a 

truism, this claim overlooks the possibility that 
some issues in orthopedic surgery may have a 
non-surgical solution. We still need to see a pro-
cedure that performs better than non-surgical 
treatment for shoulder fractures. Surgical devel-
opments should be demonstrated to be superior 
to no surgery and not only to a competing surgi-
cal procedure or implant.

The many attempts to modify locking plates to 
reduce failure rates demonstrate the strength of 
this belief (Table 12.2). Surgeons often overlook 
the possibility that the patient may be better off 
without an implant. Similarly, the steep increase 
in reverse shoulder arthroplasty in fractures lacks 
supporting high-quality evidence. We only have 
two small trials, reporting no clinically relevant 
benefits from surgery (Chap. 13). Ongoing trials 
may add new knowledge on the effect of reverse 
arthroplasty in fracture treatment. Until high-
quality supporting evidence is available, we must 
collect data on patient-reported outcomes and 
complications from all fracture patients treated 
with reverse shoulder arthroplasty.

Statement Four: “If two-, three-, and four-
part fractures in older people should not be 
operated on, then at least the rest should”
This statement assumes surgery to be the default 
treatment option for displaced shoulder frac-
tures—an assumption that has not been justified. 
Patients and fracture morphologies not covered 
by current evidence should be regarded as 
unsolved clinical questions and should be sys-
tematically followed up or, ideally, included in 
multicenter randomized trials. Injuries not cov-
ered by randomized trials include isolated tuber-
osity fractures, fractures in younger persons, 
fracture-dislocations, articular surface fractures, 
and high-energy trauma.

16.3	� Can Orthopedic Surgeons 
Change Behavior?

How many orthopedic surgeons have changed 
their treatment preferences and, ultimately, their 
practice to accommodate evidence from random-
ized trials? This question can be answered by sur-
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veying surgeons or by retrieving data on surgical 
activity before and after certain events. Important 
events in shoulder fracture management include 
the publication of the ProFHER trial in 2015 [4], 
the publication of the updated Cochrane review 
later in 2015 [1], and subsequent national guide-
lines based on these publications [5].

A survey was conducted among members of 
the British Orthopaedic Association and British 
Elbow and Shoulder Society, resulting in 265 
responses [6]. Approximately half of the respond-
ers reported changing their practice because of 
the ProFHER trial. Among those who did not 
change their practice, a third had already accom-
modated the evidence before the trial. The survey 
found that those who changed their practice 
tended to be slightly younger specialist shoulder 
surgeons rather than trauma surgeons. Overall, 
the respondents expressed support for evidence-
based practice.

A study conducted at a single British hospital 
looked at the treatment of shoulder fractures 
before and after the ProFHER trial [7]. The study 
reported that after the trial, fewer patients were 
sent to shoulder surgeons, and the rate of surgery 
decreased by half. Non-shoulder specialists were 
more likely to manage the patients without 
involving a shoulder specialist or resorting to 
surgery.

In a registry-based study of 137,436 shoulder 
fracture cases in the Danish National Patient 
Register, my colleagues and I found that the 
operation rates declined from 17% in 2013 to 
11% in 2018 [8]. Although causal associations 
cannot be derived from the registry data, there 
appears to be a chronological connection between 
the decline of surgery and the ProFHER study, 
the Cochrane review, and a national guideline 
informed by these sources [9].

16.4	� What Happens If We Do Not 
Operate?

Reporting outcomes following nonoperative 
treatment for displaced fractures is rare outside 
randomized trials. In randomized trials, non-
surgically treated patients are observed in an 

experimental setting. Over the past 15 years, 10 
randomized trials have included only 350 non-
surgically treated patients as controls [10]. 
Randomized trials are designed to establish base-
line comparability and reduce biases. While they 
can provide valuable information for clinical 
decision-making, their application to large, 
unselected patient populations is less known. 
Prospective cohort studies collecting patient-
reported outcomes can help validate evidence-
based recommendations in large populations. 
Surgeons tend to focus on evaluating the outcome 
of patients who have undergone surgery. 
Prospective cohort studies ideally encompass the 
entire population of fracture patients, regardless 
of the treatment methods used. A predefined pro-
tocol for this study should include a list of the 
variables that will be recorded and the planned 
analyses. It is essential to remember that prospec-
tive cohort studies are non-comparative because 
they cannot control differences in patients, sur-
geons, and indications at baseline. While regres-
sion models can help address known prognostic 
factors, residual confounding remains challeng-
ing. Prospective cohort studies can report patient-
reported outcomes and clinical failures based on 
shoulder function or quality of life following 
assessment in a nonexperimental setting. Below 
is a summary of cohort studies that report patient-
reported outcomes after non-surgically treated 
shoulder fractures.

16.5	� Previous Prospective Cohort 
Studies

Between 1992 and 1996, a cohort of 1027 con-
secutive patients with shoulder fractures from an 
urban population in Edinburgh were followed up 
prospectively for a year [11]. The patients were 
evaluated using a composite, observer-
administered outcome instrument (Neer Score), 
translated into a four-part ranking scale (excel-
lent, good, fair, or poor) and according to frac-
ture categories in a series of reports. A multiple 
regression analysis found that age and pre-
fracture ability determined the outcome [12]. In 
the minimally displaced group (n = 507), 88% of 
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the patients had an excellent or good result after a 
year. From the same cohort, 81% of 125 patients 
with impacted valgus fractures obtained excel-
lent or good outcome after nonoperative treat-
ment [13]. The authors concluded that operative 
fixation is unnecessary in this fracture pattern 
regardless of the degree of displacement.

A report enlarging the above cohort (n = 1027) 
by adding patient data from 2000 (n = 337) and 
2007 (n  =  516) investigated whether socioeco-
nomic status influenced the functional outcome 
measured by Constant-Murley Score (CMS). 
First, socioeconomically deprived patients were 
at increased risk of sustaining a shoulder fracture. 
Second, social deprivation was an independent 
predictor of worse CMS [14]. From the first 
Edinburgh cohort, 637 fractures in 629 patients 
aged 65 or above were retrospectively studied. 
The mean CMS was 64. They concluded that fac-
tors associated with social independence were 
more predictive of outcome than age [15].

Several prospective cohort studies on two-part 
fractures were performed in the late 1990s. 
Court-Brown and McQueen reported a cohort of 
232 two-part fractures and fracture-dislocations 
[16]. After a 1-year follow-up, the mean nonad-
justed CMS was 65. The most common two-part 
patterns, A2.2 (varus impacted) and A3.2 (trans-
lated), were reported separately [17, 18]. In 99 
varus-impacted two-part fractures, they noted 
that nonoperative treatment may increase varus 
angulation [18]. However, they also reported that 
decreased shoulder function was associated with 
increasing age but not with increasing varus 
angulation. All fractures united. After 1 year, the 
mean Neer score was 79% after omitting the 
radiographic sub-score. Interestingly, they failed 
to demonstrate the usefulness of physiotherapy. 
Moreover, 126 patients with translated two-part 
fractures were treated nonoperatively [17]. Half 
the patients had more than 66% of displacement 
on the initial AP radiographs. Twelve patients 
had a more than 100% translation of the humeral 
shaft. The results in these patients did not differ 
from those with less displaced fractures. Surgery 
did not improve the outcome, regardless of the 
degree of translation. They found no correlation 
between translation or angulation and the ability 

to return to daily activities. The nonunion rate 
was 5%. The authors suggested that nonoperative 
treatment should be the default position for treat-
ment of this group [16]. It should be mentioned 
that the study was conducted before the introduc-
tion of locking plates. In a review from 2007, 
Court-Brown and McQueen expressed their con-
cern about the rapidly increasing use of locking 
plates and suggested that “we must balance the 
understandable initial enthusiasm with proven 
success” [16].

Between 2014 and 2015, Goudie [19] fol-
lowed up 774 patients with shoulder fractures 
aged 18 or above in Edinburgh for a year using 
Oxford Shoulder Score (OSS) and quality of life 
with EQ-5D-3L.  The authors aimed to report 
functional outcome after nonoperative treatment. 
They studied a mixed population, including mini-
mally displaced fractures, young patients, and a 
relatively high prevalence of surgery. 
Furthermore, 22 fracture-dislocations and 11 iso-
lated tuberosity fractures were considered unsuit-
able for inclusion, while another 54 patients were 
excluded due to primary operative treatment. An 
additional 33 patients were treated operatively 
within the cohort within the first year due to com-
plications. Nonunion was radiographically 
defined as no radiographic consolidation, frac-
ture gap widening, scalloping, or progressive 
varus deformity. The primary conclusion was a 
considerable variation in shoulder function and 
quality of life. In a multivariate analysis, three 
negative predictors were identified: high levels of 
dependency, social deprivation, and mood disor-
ders. Social dependency and psychosocial factors 
had more influence than fracture-related factors. 
Younger patients were less satisfied despite 
higher OSS. Also, 31% had an OSS ≤ 24 (half of 
a total shoulder function), and 16% had a worse-
than-death EQ-5D-3L score. A ceiling effect was 
reported for both outcomes.

Patient-reported outcomes can be found in 
other prospective cohort studies of non-surgically 
treated patients. Table 16.1 summarizes outcome 
data from cohorts reporting OSS and 
EQ-5D-3L. Baker [20] prospectively followed up 
103 patients selected for non-surgical treatment. 
They were assessed at 3 and 12  months with 
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Table 16.1  Oxford Shoulder Score and EuroQoL 5D-3L after 6 and 12 months in prospective cohort studies of non-
surgically treated patients with shoulder fractures

Author
Nonoperative 
(n)

Age 
(mean and 
range)

Female/
male

Fx category 
(n and %)

OSS 
6 months 
(mean 
and %)

OSS 
12 months 
(mean and 
%)

EQ-5D 
6 months 
(mean)

EQ-5D 
12 months 
(mean)

Baker 
(2008)

103 61.4
(15–85)

80/23 1 part:33
2 part:39
3–4 part: 31

– 22.72a 
(76%)
SD 11.68
Range 
56–12

– –

Jayakumar 
(2019)

177 66
(18–95)

128/49 2-part: 70
3–4 part: 69
Greater 
tuberosity: 
38

34.8b 
(71%)
SD 11.3
Range 
14–48

– 0.75
SD 0.25
Range 
0.14–1

–

Goudie 
(2021)

774 66
(18–98)

571/203 Displaced: 
238
Surg. Neck: 
569

– 33.2b (67%)
(95% CI: 
32.2 to 34.2)

0.58
(95% CI, 
0.55 to 
0.61)

Brorson 
(2024)c

627 75
(60–101)
SD 8.5

493/134 1 part: 187
2-part: 279
3-part: 99
4-part: 26
Art surf: 18
Fx-disloc:14

35.7b 
(74%)
SD 8.8

37.3b (78%)
SD 10.0

0.77
SD 0.16

0.81
SD 0.15

a12–60 (12 best)
b0–48 (48 best)
c preliminary data

OSS. After 12 months, the mean OSS was 76% 
of full shoulder function. Health-related quality 
of life was not reported. Jayakumar [21] prospec-
tively followed 177 patients for 6 to 9  months, 
with 10% being treated surgically. The mean 
OSS was 71% of a full shoulder function. Several 
demographic, psychological, and social variables 
were recorded, and a multivariate regression 
analysis was performed. Kinesiophobia after a 
week was the strongest predictor for limitations 
at 6 months.

16.6	� The Danish Cohort

My colleagues and I prospectively followed up a 
cohort of patients referred to a Danish university 
hospital with displaced shoulder fractures using 
patient-reported outcomes for shoulder function 
(OSS) and quality-of-life (EQ-5D-3L). All 
patients aged 60 or above with displaced shoul-
der fractures followed a predefined protocol 

(Fig. 16.1) [22]. Questionnaires were completed 
after 6 and 12 months and collected by staff not 
involved in patient treatment. All patients were 
seen in the outpatient clinic within 3  weeks of 
injury. The fractures were classified by consensus 
according to the Neer classification (16 catego-
ries) and the AO classification (9 groups). 
According to Neer’s definition, patients with 
minimally displaced fractures were excluded for 
two reasons. First, among surgeons, it is widely 
agreed that these fractures can be treated without 
surgery. Second, we had ethical concerns about 
additional follow-up visits at the hospital without 
potential clinical consequences. Patients with 
concomitant fractures (most commonly hip, 
wrist, or spine) and pathological fractures (except 
for osteoporosis), and patients unable to answer a 
questionnaire were excluded. The cohort was 
validated annually by manually retrieving all 
patients with a discharge diagnosis of a proximal 
humerus diagnosis from the institution. Patients 
under 60 years were excluded.

16.6  The Danish Cohort
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Fig. 16.1  Flowchart for the Danish cohort, including patients aged 60 or above who were seen within 3 weeks of injury 
between January 1, 2021, and December 31, 2023. Data for the 6-month follow-up is shown

Table 16.2  Demographics and distribution of fracture 
patterns in the Danish cohort

Baseline
Number 627
Age (mean and SD) 75 (8.5)
Gender
Male 134
Female 493
Neer category
Minimally displaced 187
2-part 275
3-part 99
4-part 26
Fracture-dislocation 14
Articular surface 18
AO group
A1 70
A2 265
A3 74
B1 153
B2 7
B3 2
C1 6
C2 37
C3 8

All patients with displaced fractures were 
seen again in the outpatient clinic 6 weeks after 
injury. The chosen time points were not evidence-
based, but we found them practical. If the patient 
suffered severe pain and wished for surgery at 
6  weeks, a reverse shoulder arthroplasty was 
offered regardless of the fracture morphology. 
Operation within 6  weeks after injury was pre-
ferred due to the potential for tuberosity refix-
ation and rotator cuff reconstruction.

16.7	� Preliminary Outcome Data 
from the Danish Cohort

Within 36  months, 627 patients aged 60 and 
above received treatment at our clinic 
(Table  16.2). The average age was 75, with 
females accounting for 79% of the patients. Two-
part fractures were the most commonly reported 
pattern, making up 45% of the cases. Minimally 
displaced fractures accounted for 29%, which 
differs from the rates reported by Charles Neer 
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Table 16.3  Patient-reported outcome (OSS and 
EQ-5D-3L) after 6 months according to fracture category 
and age

Six months
OSS Mean (SD) % 
of full scorea

EQ-5D Mean 
(SD)b

(n = 276) 35.7 (8.8) 74% 0.77 (0.16)
Fracture 
category
2-part (n = 168) 37.2 (8.1) 78% 0.79 (0.16)
3-part (n = 77) 34.4 (9.4) 72% 0.74 (0.16)
4-part (n = 15) 28.2 (8.1) 59% 0.72 (0.08)
Fract.-disloc. 
(n = 11)

32.6 (10.1) 68% 0.73 (0.15)

Articular fract. 
(n = 5)

36.6 (6.8) 76% 0.82 (0.14)

Age groups
60–69 (n = 65) 36.6 (7.6) 76% 0.78 (0.16)
70–79 (n = 130) 36.0 (8.9) 75% 0.79 (0.14)
80–89 (n = 72) 34.5 (9.9) 72% 0.76 (0.18)
90–99 (n = 8) 36.8 (6.1) 77% 0.68 (0.10)
100+ (n = 1) – –

SD standard deviation
aNormal values for OSS in females aged 71–80: 82%, cal-
culated from [23]
bDanish population norm for EQ-5D-3L in females aged 
70–79: 0.82 [24]

Table 16.4  Patient-reported outcome (OSS and 
EQ-5D-3L) after 12  months according to fracture cate-
gory and age

12 months
OSS Mean (SD) % 
of full scorea

EQ-5D Mean 
(SD)b

(n = 202) 37.3 (10.0) 78% 0.81 (0.15)
Fracture 
category
2-part (n = 123) 39.2 (8.9) 82% 0.82 (0.14)
3-part (n = 58) 34.7 (11.2) 72% 0.79 (0.18)
4-part (n = 9) 30.6 (10.6) 64% 0.80 (0.16)
Fract.-disloc 
(n = 8)

34.6 (9.2) 72% 0.75 (0.11)

Articular fract. 
(n = 4)

37.5 (14.1) 78% 0.86 (0.18)

Age groups
60–69 (n = 42) 39.6 (8.1) 83% 0.83 (0.15)
70–79 (n = 102) 37.2 (10.3) 78% 0.82 (0.15)
80–89 (n = 51) 36.1 (10.2) 75% 0.79 (0.15)
90–99 (n = 56) 33.8 (13.8) 70% 0.79 (0.13)
100+ (n = 1) – –

SD standard deviation.
aNormal values for OSS in females aged 71–80: 82%, cal-
culated from [23]
bDanish population norm for EQ-5D-3L in females aged 
70–79: 0.82 [24]

[23] but is not far from later epidemiological 
studies (Table 2.1). In the AO classification, A2 
fractures accounted for 42%, followed by B1 
fractures at 24%.

A ceiling effect was observed for both outcome 
measures. At 6 months, the mean OSS was 74% 
(Table 16.3), increasing to 78% of the total score 
after 12 months (Table 16.4). The normal value for 
females aged 71–80 has been calculated to be 82% 
[23]. Patients with two-part fractures had the best 
shoulder function, achieving an OSS of 78% after 
6 months, which increased to 82% after 12 months. 
The mean value for health-related quality of life 
(EQ-5D-3L) in all patients was 0.77 at 6 months 
(Table  16.3), increasing to 0.81 at 12  months 
(Table 16.4). The population norm for EQ-5D-3L 
in females aged 70–79 was 0.82 [24]. Patients with 
two-part fractures had the highest score of 0.79, 
increasing to 0.82 at 12 months [25].

Treatment failure of nonoperative treatment 
was defined as the need for surgery, an OSS at 24 
or below, or an EQ-5D-3L below 0. Twenty-eight 
patients out of 627 (4%) needed surgery, while 26 

out of 202 (13%) of the patients with displaced 
fractures had an OSS  ≤  24 at 12  months. No 
patients had an EQ-5D-3L below 0.

Prospective cohort studies have strengths and 
limitations. While they can help evaluate the 
implementation of evidence and provide 
estimates for patient outcome, they cannot pro-
vide data to compare treatment effects between 
subgroups, treatments, or other cohorts. Another 
weakness is the lack of translatability between 
the Neer and the AO classifications in outcome 
reporting. For example, using the complete AO 
form for two-part fractures, six subgroups (A2.1, 
A2.2, A2.3, A3.1, A3.2, A3.3) cover most mor-
phologies, including varus and valgus impaction, 
angulation, translation, and comminution. 
However, without a definition of displacement, 
we cannot translate these patterns into Neer two-
part surgical neck fractures [26]. We have chosen 
the Neer classification for our reporting because 
we find the definition of displacement clinically 
useful. This choice is, however, at the cost of a 
detailed reporting of the morphology.

16.7  Preliminary Outcome Data from the Danish Cohort
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16.8	� Perspectives

Older people with displaced shoulder fractures 
seem to recover well after evidence-based treat-
ment. Mean values for patient-reported shoulder 
function and health-related quality of life are 
close to those of the background population after 
a year, with an overall operation rate of 4%. Non-
surgical treatment should serve as the default 
position in older people, with a few exceptions of 
fracture-dislocations and head-splitting fractures. 
Although follow-up schedules have not been 
tested in randomized trials, I have suggested fol-
low-up after 2 and 6 weeks. The Danish cohort 
reported that most patients undergoing delayed 
surgery had two-part surgical neck fractures 
without bony contact. We hypothesize that pro-
viding a joint replacement with a reverse arthro-
plasty in these patients after 6 weeks will reduce 
the number of symptomatic nonunions.

The optimal timing of reverse arthroplasty is 
unknown, and outcome reports from observa-
tional studies can be challenging to interpret. 
Patients are rarely comparable at baseline. The 
patients offered a primary reverse arthroplasty 
often differ from those offered a late reverse 
arthroplasty and are operated on different indica-
tions. Determining the ideal time for surgery in a 
randomized trial is challenging as a relatively 
small population can be randomized to early or 
late surgery. At baseline, we do not know if there 
will be an indication of late surgery. Moreover, it 
should first be demonstrated that reverse is better 
than no reverse. We are awaiting data from ongo-
ing studies [27, 28], adding to previous reports 
[3, 29].

The widespread use of early reverse prosthe-
ses may result in a good outcome if patients with 
high activity and independence are operated on. 
The drawback is the likely performance of unnec-
essary surgery and the revision burden in the long 
run. Differences in favor of early reverse arthro-
plasty reported from observational studies do not 
justify increased surgery rates. On the other hand, 
surgery performed months after the injury is 
demanding. It may still offer pain relief, but the 
rotator cuff has retracted, and the functional 
result is often disappointing,

I recommend restraint regarding early surgery 
in the elderly, except in a few cases of fracture-
dislocations and head-splitting fractures. As only 
a minor part of the fracture population needs sur-
gery after 6  weeks, the operation can be post-
poned to that time. The window for successful 
insertion of a fracture prosthesis has widened 
from about 2 weeks post-injury for hemiarthro-
plasty to about 6 weeks for reverse arthroplasty. 
This window can be utilized to decrease the num-
ber of redundant surgeries.

Systematic outcome collection from large 
cohorts of patients with shoulder fractures sug-
gests that an evidence-based and non-surgical 
approach in older people is safe and leads to a 
level of shoulder function and quality of life close 
to the background population, with an operation 
rate of about 4%. Data from large cohort studies 
covering all treatment modalities may contribute 
to bridging the evidence-practice gap among 
orthopedic surgeons hesitant to de-implement 
surgical interventions and help avoid unneces-
sary surgery.
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17Shoulder Fractures in Context: 
The Academic Bonesetter

17.1	� Introduction

The practice of bringing broken bones together is 
a human trait found throughout history. The prin-
ciple of restoring the anatomy has been passed 
down through generations. In recent decades, a 
growing number of randomized trials have been 
unable to demonstrate the superiority of surgical 
interventions for shoulder fractures in older peo-
ple. Surprisingly, this has not led to an adjust-
ment of the treatment recommendations but, 
rather, to an increase in surgeries and implants.

All surgeons wish the best for their patients—
but, unfortunately, evidence is not always part of 
clinical decision-making. Surgeons cannot 
assume surgery to be beneficial without system-
atic testing. Before routine use, new procedures 
and implants must undergo clinical testing in ran-
domized trials with non-surgically treated control 
groups to evaluate their benefits and harms. 
Without rigorous testing, there is a risk of multi-
ple biases taking over thinking and practice, 
potentially leaving patients with unnecessary or 
harmful treatments. The widespread use of lock-
ing plate osteosynthesis in osteoporotic shoulder 
fractures is a conspicuous example (Chap. 12). 
Randomized trials have unambiguously reported 
no clinical benefits from locking plates compared 
to non-surgical treatment. However, the implant 
is widely used despite failure rates of around 
30%, leading to pain, loss of function, and revi-
sion surgery with inferior outcomes [1, 2].

This chapter first introduces the historic bone-
setter, an important but poorly described practi-
tioner in historical populations and developing 
countries. Next, I will present some examples of 
historical writers’ accusations against unedu-
cated practitioners regarding the treatment of 
shoulder fractures. As an alternative to the his-
toric bonesetter, I will sketch some of the pre-
ferred qualities of the modern orthopedic surgeon, 
termed the academic bonesetter. Finally, I will 
propose potential avenues for future research and 
evidence-based treatment for patients with shoul-
der fractures.

17.2	� The Historic Bonesetter

A Bonesetter is an empirical practitioner who 
claims the power of diagnosing and setting frac-
tures, reducing dislocations, and relieving painful 
and stiff joints. The bone-setter differs from the 
cultist in that his craft is entirely empirical; bone-
setters have made no effort to elaborate on theory 
to support or justify their practice [3]

Bonesetters have played an important role in 
providing medical services in historical commu-
nities as part of folk medicine. In Europe, the 
Church prohibited clerics from performing sur-
gery from the eleventh and twelfth centuries, 
leading to several procedures being performed by 
illiterate folk practitioners [3]. Among these, 
bonesetting survived the changes in medicine, 
including the emergence of French hospital 
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medicine in the late eighteenth century (Chap. 5). 
Bonesetters have continued to practice even after 
educated medical writers abandoned the 
Hippocratic principles of forceful reduction of 
shoulder fractures. In countries without access to 
educated practitioners, bonesetting remains a 
common practice. The actual practice of boneset-
ting throughout history is not well-documented, 
however, and it may have differed substantially 
from the dogmatic tradition passed down in writ-
ten sources.

A few prominent bonesetter families from the 
eighteenth and nineteenth centuries have been 
recorded, like the Welsh family of Thomas and 
the Sweet family in the United States. Bonesetting 
was considered a natural and innate gift. The 
craft of bonesetting runs in families but has not 
been restricted to a profession, and the practitio-
ners have often been considered quacks. In low-
income countries or rural areas, they have 
represented an available and less costly alterna-
tive to fracture care by healthcare professionals. 
Traditionally, bonesetters have been poorly 
esteemed by academic writers, although their 
practice and contributions to public health may 
have been substantial.

The success of bonesetting has not been 
recorded, but it must have required some basic 
anatomical knowledge. A few practical hand-
books on anatomy have survived, including 
Waterman Sweets’ book, published in 1844, 
Views on Anatomy and Practice of Bone-Setting 
by a Mechanical Process Different from All Book 
Knowledge [4].

A fundamental principle in bonesetting is 
that aligning a fractured bone benefits the 
patient. This principle has been incorporated 
into modern orthopedics as the principle of ana-
tomical reduction. A substantial aspect of mod-
ern orthopedics and traumatology concerns 
aligning fractured long bones, followed by brac-
ing or internal or external operative fixation. In 
the first lecture on orthopedic surgery, aspiring 
orthopedic surgeons learn that anatomical 
reduction is the initial step in treating displaced 
long bone fractures and, conversely, that surgi-
cal intervention is necessary for nonanatomical 
conditions.

17.3	� Poor Practice and Iatrogenic 
Injury

Strong opinions regarding the proper treatment 
of shoulder fractures are not new. While there is 
almost no evidence of bonesetters and their treat-
ment results, there are written sources from 
learned medical writers who criticized their 
learned colleagues, surgeons, and uneducated 
practitioners for their poor practices. The key 
areas of disagreement included the technique for 
realigning the fracture, the amount of force 
applied, the proper tightness of bandages and 
splints, and ethical issues. In this section, I will 
sketch the historical controversy. A general intro-
duction to the historical sources can be found in 
Part II. It is important to note that the discussion 
between learned medicine and medical practitio-
ners is biased because only one side’s opinion has 
been preserved for posterity.

The forceful Hippocratic maneuver for reduc-
ing shoulder fractures and dislocations (c. 
415 BCE) (Figs. 5.5 and 17.1) remained remark-
ably unchanged for over two millennia with only 
minor modifications. Galen (c. 129–215  CE) 
added that reduction should be performed with 
the patient sitting in a high position. A patient sit-
ting high would be subjected to less damage than 
a patient sitting low because a change in position 
would only slightly impact the reduction [5] 
(pp. 422–6).

During the early eighteenth century, Jean-
Louis Petit (1674–1750) further developed the 
Hippocratic traction method, suggesting that an 
assistant should perform powerful counter-
extraction on the opposite arm. Samuel Cooper 
(1781–1848) condemned this method for causing 
harm by applying much more power than required 
for reduction:

This method is liable to three kinds of inconve-
niences. It fatigues and even pains the patient, it 
lessens the extensive power by bringing them near 
to the moveable point, it irritates such muscles as 
proceed from above to the lower end of the frac-
ture, and thus increases their disposition to con-
tract [7]. (pp. 298–9)

Not until the late eighteenth century was the 
Hippocratic method of reduction and bandaging 
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Fig. 17.1  Renaissance interpretation of the Hippocratic 
method for extension and reduction of the shoulder and 
upper arm [6]. (With permission from Bibliothèque natio-
nale de France)

substantially criticized. Pierre-Joseph Desault 
(1744–1795) argued that if reduction was done 
according to Hippocrates, it could cause ecchy-
moses and secondary displacement. His justifica-
tion was biomechanical:

These means, in general, besides being insuffi-
cient, are liable to a further objection, in conse-
quence of their acting on the edges of the pectoralis 
major, latissimus dorsi, and teres major, which 
being thus forced upwards, draw the fragments on 
which they adhere in the same direction, and 
thereby constitute an obstacle to the reduction [8]. 
(p. 75)

The Hippocratic application of bandages and 
splints is illustrated in Fig. 5.6. The Hippocratic 
writer described the adverse effects of bandages 
applied too tightly at the upper arm, causing pres-
sure wounds [9] (On Joints, XXVI). The Roman 
medical writer Celsus (25  BCE–50  CE) sug-
gested that multiple turns of a bandage were 
more effective than tightening it, as it could lead 
to gangrene [10] (VIII, 10). Paul of Aegina (c. 
625–690 CE) expressed concerns about applying 

splints over the shoulder. He also cautioned 
against excessive splinting on the inner side of 
the upper arm as it may lead to ulcers and inflam-
mation [11] (VI, 99). Early modern sources 
include the criticism of uneducated bonesetters 
and barber-surgeons applying bandages. William 
Salmon (1644–1713) recommended stretching 
the elbow every time dressings of the humerus 
were changed. By gentle loading of the injured 
arm, contraction could be prevented:

The shrinking of Tendons (which Barbers, and 
ignorant Chirurgeons call the Shrinking of the 
Nerves or Sinews,) may yet easily be cured in ten 
or twelve Weeks time, if you cause the Patient to 
carry every day, some fit or proportional Weight 
[12]. (p. 1266)

17.4	� Professional Ethics

Since the time of the Hippocratic writings, alle-
gations of malpractice can be found. The 
Hippocratic request on non-maleficence was 
bound to professional ethics. If there was a risk of 
doing more harm than good, the advice was to 
refrain from the intervention: “As to diseases, 
make a habit of two things – to help, or at least to 
do no harm” [13] (Epidemics I).

Less noble motives were expressed by the 
Arab surgeon Albucasis (936–1013), who advised 
fellow surgeons to refrain from treating difficult 
cases: “Use your utmost diligence; keep clear of 
entering upon a course with a dangerous out-
come. … For this will best ensure the continu-
ance of your prestige and safeguard your good 
name. God willing” [14] (p. 836).

Limiting the practice to the handling of easy 
cases alone was one method of preserving reputa-
tion and income. In cases of humerus malunion, 
Albucasis cautioned against refracturing the 
humerus, a practice discussed in Middle Ages 
sources. Referencing the practices of the 
Ancients, Albucasis criticized the methods 
employed by bonesetters:

What some ignorant bone-setters do is to break the 
bone again if at first the repair is not as it should 
and has mended crookedly. This operation of theirs 
is mistaken and dangerous; if it were right the 
Ancients would undoubtedly have spoken of it in 
their books and would have used it [14]. (p. 696)

17.4  Professional Ethics
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Fig. 17.2  Failed staple 
osteosynthesis of a 
surgical neck fracture 
[17]. (With permission 
from the Wellcome 
Collection)

Several nineteenth-century sources expressed 
concerns about professional ethics in treating 
shoulder fractures. In 1847, Robert William 
Smith (1807–1873) urged his colleagues to avoid 
misleading prognostic statements regarding 
shoulder fractures, writing that “the prudent sur-
geon will never omit to announce to the patient 
that a certain degree of impairment of the motions 
of the joint will be a permanent result of the 
injury” [15] (p. 190).

In 1839, Sir Astley Cooper (1768–1841) 
described fracture-dislocations of the shoulder as 
“a formidable accident” (Fig. 6.1). He acknowl-
edged the poor prognosis following fracture-
dislocations and reprimanded his colleagues 
collegially. Instead of blaming colleagues for 
failing to reduce the fracture-dislocation due to 
incompetence:

These cases should teach the members of our pro-
fession to be kind, generous, and liberal towards 
each other; and not to impute to ignorance or inat-
tention that which is the result of a generally incur-
able accident. It too often happens, that, when 
every trial has been made to restore the parts, and 
without success, the patient goes to some other sur-
geon, to whom he shews his arm, and points out its 
uselessness and want of motions. A jealous and 
illiberal medical man might say, “Yes, this is a dis-
location which has not been reduced. I wish I had 
seen it at first; but now it is too late for a successful 
attempt to replace it.” However, any intelligent 
well-informed surgeon will now confess, that no 
knowledge, or exertion of skill, could have pre-
vented the deformity and loss of the natural motion 
which results from this formidable accident [16]. 
(p. 277)

The introduction of internal fixation of shoul-
der fractures in the early twentieth century (Chap. 
7) opened the door to various new complications 

and treatment failures. The pioneer of osteosyn-
thesis, Albin Lambotte (1866–1955), reported 
very few failures after osteosyntheses. However, 
in 1907, he presented a failed osteosynthesis of 
the proximal humerus (Fig. 17.2) [17]. The fail-
ure was attributed to the patient leaving the clinic 
too early: “Only stupid indocility made the 
patient leave the bed and leave the clinic on the 
fifth day” [17] (p. 84).

This is probably not the only time a patient has 
been blamed for a failed osteosynthesis.

17.5	� The Academic Bonesetter

The conflict between learned medicine and clini-
cal practitioners can be found in the Greek phi-
losopher Philo of Alexandria (c. 10  BCE–c. 
40 CE), who unflatteringly described the compe-
tencies of the medical practitioners of Alexandria: 
“those who are clever with words, excellent 
expositors of the signs, causes, and therapies that 
make up the art of medicine, but who are hope-
less at assisting the sick” [18].

The modern bonesetter is no longer illiterate. 
Academia is an integral part of the orthopedic 
curriculum. However, there is a widespread belief 
that surgeons with strong academic backgrounds 
may not be skilled practitioners. At the same 
time, those with excellent surgical skills may not 
feel the need to follow the evidence. Modern 
orthopedic surgeons must excel in both disci-
plines and build bridges between them. Evidence-
based practice is an integrative process that 
includes clinical experience (including surgical 
skills), the best evidence available, and patient 
values and preferences [19].
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When advancing modern orthopedics, the 
main obstacle is not the development of surgical 
skills, procedures, or implants. The real chal-
lenge lies in the tendency of surgeons to focus on 
minor differences between almost identical 
implants and procedures, often ignoring clinical 
evidence. The companies funding clinical ortho-
pedic research have a legitimate interest in maxi-
mizing their profits—but surgeons have an 
unlimited responsibility to create value for 
patients now and in the future. Craftsmanship 
and evidence-based practice are perfectly com-
patible. Poorly performed surgery on the right 
indications does not add value to patients, nor 
does well-performed surgery on the wrong indi-
cations. If we continue performing surgical 
procedures without considering the evidence, we 
cannot differentiate ourselves from uneducated 
bonesetters and quacks. We can improve by re-
evaluating our current surgical practice by includ-
ing the best evidence and the patient’s preferences 
in clinical decision-making.

17.6	� Future Directions

In this section, I will suggest a few directions to 
improve the treatment of future patients with 
shoulder fractures.

As an essential initial step, we must revisit the 
principles governing the management of long 
bone fractures in osteoporotic proximal humerus 
fractures. We need to recognize that the shoulder 
differs from the hip, and the humerus differs from 
the femur. The differences in weight-bearing and 
the ability to tolerate nonanatomical healing 
require unique approaches. We should not per-
form surgery on older people with shoulder frac-
tures based solely on findings of nonanatomical 
conditions on radiographs; this is contrary to the 
best available evidence, and, often, it is not to the 
patient’s preferences. In the future, we need to 
involve patients more actively in clinical decision-
making and the assessment of treatment 
outcomes.

Patient-reported outcomes should be collected 
for all patients regardless of the treatment pro-
vided. Using appropriate qualitative methods, we 

must develop and validate patient-derived, 
condition-specific outcome-measuring tools 
(Chap. 14). A future core outcome set should be 
determined and validated to improve clinical rel-
evance and comparability of research and quality 
assessment.

To ensure completeness and coverage of col-
lected outcomes, national arthroplasty registries 
could be broadened to include data on patients 
treated with head-preserving surgical techniques 
or without surgery. Alternatively, and in accor-
dance with Codman’s end result idea, large con-
secutive prospective cohort studies should gather 
outcome data, including complication data, for 
quality assessment (Chap. 7). The outcome col-
lection should include the suggested core event 
set for treatment complications (Chap. 15).

To minimize research waste, future clinical 
research should concentrate on populations and 
treatments not addressed in previous randomized 
trials. Key areas for consideration include the 
treatment of isolated tuberosity fractures, high-
energy trauma, and fractures in younger individ-
uals. Although such trials are currently underway, 
there is an urgent need for trials examining the 
benefits and harms of reverse shoulder arthro-
plasty in fractures.

Future trials evaluating surgical treatments 
should include a non-surgically treated control 
group. While industry-sponsored studies investi-
gating minor modifications in implants already 
on the market may offer research funding, they 
may provide limited patient benefits until surgi-
cal procedures are proven superior to non-
surgical treatment. The surgeon’s armamentarium 
may be composed of advanced surgical proce-
dures and implants—but they do not necessarily 
benefit patients. We need to focus more on patient 
value than surgeon or company value. From a 
global perspective, performing redundant surgery 
is not an option.

17.7	� Perspectives

A century ago, surgical treatment of shoulder 
fractures was not a common practice and was 
only offered to a select few patients. A century 

17.7  Perspectives
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later, in the first two decades of the twenty-first 
century, there was an increase in the popularity of 
osteosynthesis, leading to a substantial increase 
in surgery rates. Using reverse arthroplasties in 
fracture cases further allowed surgeons to 
broaden the indications for surgery. In some 
countries, surgery has been offered to almost 
every patient with a displaced fracture, with only 
a few unfit for surgery being excluded. But the 
growing disparity between the best available evi-
dence and the actual practice has led to a ques-
tioning of the benefits of surgery. Surgery has 
been found to be no more beneficial than non-
surgical treatment and has high failure rates. In 
that case, the default position should be non-
surgical, and surgery should only be considered 
in exceptional cases.

It is essential to collect outcomes systemati-
cally in medical practices. It is questionable 
whether Codman’s end result idea of systemati-
cally following up on outcomes for all patients 
treated at a hospital has ever been implemented 
for shoulder fractures. More than a century later, 
most patients with shoulder fractures do not have 
their outcomes collected, except those involved 
in a few clinical trials or recorded in national 
arthroplasty registries. The surgeon’s responsibil-
ity does not end with the postoperative radio-
graph. A systematic follow-up of all patients, 
regardless of their treatment, could have reduced 
the suffering of older people with shoulder 
fractures.

Surgery is often the easy choice in patients 
with displaced shoulder fractures. The surgeon 
demonstrates the power of action, adheres to 
basic surgical principles, acts as a peer, and 
often provides improved radiographs. But in 
most cases of shoulder fractures, surgeons and 
patients have time to think twice and to recon-
sider the treatment options. After 2 weeks, the 
fracture is still accessible for surgery, pain is 
under control, muscle spasms have decreased, 
and swelling has subsided. Patients and care 
providers are ready for reflection and shared 
decision-making. Few older people strongly 
wish to undergo surgery, especially if con-
fronted with the evidence. The easy part of sur-
gical decision-making is assigning an implant to 

a radiograph. The challenging part is assigning 
the appropriate treatment to the patient.

In this book, I have argued for reintegrating 
non-surgically treated fracture patients into 
orthopedic care. In line with the Hippocratic 
writer, we should refrain from intervention if 
there is a risk of doing more harm than good. 
Leaving the majority of shoulder fracture 
patients without orthopedic care because they do 
not benefit from surgery, however, is not proper 
practice.

Evidence-based practice does not neglect sur-
gery; too often, surgeons neglect the evidence.
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