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ANOVA	Analysis of variance
AO	 Arbeitsgemeinschaft für Osteosynthesefragen
ASA	 American Society of Anesthesiologists (physical 

status classification system) 
CI	 Confidence intervals
CS	 Constant-Murley Shoulder Score
CT	 Computerized tomography
DSSAK	Danish Society for Shoulder and Elbow Surgery
DSR	 Danish Shoulder Arthroplasty Registry
EQ-5D	 EuroQol (standardized measure of health status)
HA	 Hemiarthroplasty
NRS	 Non-randomized studies
ORIF	 Open reduction and internal fixation
OSS	 Oxford Shoulder Score
OTA	 Orthopaedic Trauma Association
RCT	 Randomized clinical trial
RSA	 Reverse shoulder arthroplasty
SD	 Standard deviation
SECEC	Société Européenne de Chirurgie de l’Epaule et du 

Coude 
SF-36	 Short Form-36
3D	 Three dimensional

Abbreviations Definitions

•	 ‘Complex fractures’ designates displaced four-part fractures 
or fracture-dislocations within the Neer classification and 
Type C fractures within the AO/OTA classification.

•	 A ‘prospective, observational, comparative study’ is a study 
that prospectively collects data and compares outcome 
in patients treated with the intervention under study with 
patients treated with a control intervention.

•	 A ‘retrospective, observational, comparative study’ is simi-
larly defined as a study in which outcome is collected ret-
rospectively, for example based on a clinical database or a 
registry.

•	 A ‘case series’ designates a study of outcome in a series of 
patients treated with an intervention, but without compari-
son with patients receiving a control intervention.
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’Via sanationis, partim ad naturam attinet, quæ callo frac-
turam agglutinat; partim ad medicum qui impedimenta sub-
movet, & ossa componit.’ Vidus Vidius (1596)2

Fractures of the proximal humerus are common injuries. They 
comprise about 4% of all fractures3, 4. The incidence is approx-
imately 70 per 100,0005, 6 and it will probably increase due 
to the association with age and osteoporosis7-10. In women 80 
years and older the incidence is third only to fractures of the 
proximal femur and the distal radius11. Women aged 60–79 
years who had suffered a fracture of the proximal humerus 
have a residual lifetime risk of sustaining a hip fracture of 2.5 
(1.3–3.6, 95% CI)12.

Introduction

Within the last two decades several observer studies have 
reported low agreement among doctors classifying according 
to the Neer or the AO systems20-29 prompting a debate about 
the scientific and clinical merits of the two classification sys-
tems30-34. Lack of consistency in classification is one possible 
reason for the discrepancies in reported outcome after treat-
ment of proximal humeral fractures. With no gold standard 
for fracture classification, observer studies may serve as an 
indirect evaluation of reliability and accuracy of classification 
systems. However, high levels of observer agreement do not 
necessarily mean high accuracy as observers can agree on a 
wrong diagnosis. Low levels of observer agreement preclude 
a high accuracy since observers, if they cannot agree with each 

Figure 1. The 16 categories of the Neer classification. A fracture is considered displaced 
if one or more of the four anatomical segments (greater tuberosity, lesser tuberosity, the 
humeral head, or the humeral shaft) are displaced more than 1 centimeter or angulated 
more than 45°. Modified from Neer (1970)15 with permission from JBJS Am, Rockwater 
Inc.

The management of fractures of the proxi-
mal humerus has challenged medical prac-
titioners since the beginning of recorded 
medical history. Controversies on the prin-
ciples for classification and management can 
be found in written sources from Greek and 
Roman Antiquity13. Changing approaches 
have appeared at all times, and there is still 
no consensus on the management of those 
injuries. The principles for pathoanatomi-
cal and pathophysiological understanding of 
proximal humeral fractures were laid down 
in the preradiographic era, especially in the 
18th and 19th century14. I have been unable 
to identify any studies on the changing his-
torical approaches to proximal humeral frac-
tures.

Fracture classifications are used to guide 
treatment, estimate prognosis, and predict 
the risk of complications. Ideally, a fracture 
classification should be clinically useful, 
categorization should be possible from pre-
operative images, and it should demonstrate 
observer agreement on an acceptable level. A 
fracture classification should further serve as 
a tool for reporting in the scientific literature, 
assist documentation in clinical databases, 
and enable pooling of data across studies. The 
most frequently used classification systems of 
proximal humeral fractures are the classifica-
tions proposed by Charles Neer (1917–2011) 
in 197015 (Figure 1), revised in 197516 and 
200217, and the AO/OTA classification pro-
posed by Maurice Müller et al. (1918–2009) 
in 199018 and revised in 2007 (Figure 2)19.
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Figure 2. The AO/OTA classification consists of three types, nine groups, and 27 subgroups hierarchically organized according to prognosis. Type 
A fractures are unifocal and extraarticular, type B are bifocal and extraarticular while type C fractures are intraarticular. Reprinted from Marsh 
(2007)19 with permission from J Orthop Trauma, Copyright Clearance Center.

other and themselves, they cannot all be right. The clinical 
implications of low observer agreement are unclear.

Treatment modalities for proximal humeral fractures are 
ranging from non-operative management to primary HA or 
RSA and numerous methods of ORIF. However, only few 
randomized trials have been conducted35-39 and systematic 
reviews have reported a lack of reliable evidence for clinical 
decision-making40-46. The natural course of complex fractures 
of the proximal humerus is widely unknown. There is a lack 
of larger size studies of non-surgical treatment and only few 
series with conflicting conclusions have been published39, 

47-52. HA has been the treatment of choice in four-part frac-
tures, head splitting fractures, and fracture-dislocations at most 
centers. Several systematic reviews have analyzed data from 
studies of three- and four-part fractures treated with primary 
HA, and they have concluded that there is no strong scientific 
evidence to support the effectiveness of early HA in proximal 
humeral fractures41, 42, 46, 53. Even the decision to operate on 
these patients is not supported by high level evidence.

Within the last decade locking plate technology (Figure 3) 
has changed the approach to extremity fractures in elderly54-57. 

Figure 3. Locking plate for proximal humeral fractures (Philos). 
Reprinted with permission from Synthes.
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A recent randomized trial37 comparing outcome after locking 
plate osteosynthesis versus non-surgical management in 60 
three-part fractures reported a non-significant improvement 
in functional outcome in the surgical group. Additional sur-
gery was performed in 30 percent compared to non-surgical 
treated. Several authors of narrative reviews and clinical series 
have recommended fixation of displaced four-part fractures 
and AO/OTA type C fractures with locking plates58-66 and 
implant producers advocate them67-70. However, to my knowl-
edge, no systematic review on the benefits and harms of this 
new technology in four-part fractures or in AO/OTA type C 
fractures has been published.

In elderly patients with complex fractures and poor bone 
stock it may be impossible to obtain satisfactory anatomical 
fixation of the tuberosities to a HA. In such cases, primary 
insertion of RSA (Figure 4) has been suggested71-75. Pain 
relief and early mobilisation after RSA in acute fractures has 
been reported42 but only few long term results are available76. 
Long learning curves for RSA have been reported77, 78, revi-
sion surgery is challenging79, and the long term consequences 
of scapular notching are widely unknown. No systematic 
review studying outcome after RSA in acute fractures have 
been identified.

Figure 4. Reverse shoulder arthroplasty (DeltaXtend). Reprinted with 
permission from DePuy International Limited.
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The overall aim of the thesis is to establish an evidence basis 
for classification and treatment decisions in proximal humeral 
fractures. Secondary aims include:
a) to study historical approaches to proximal humeral frac-

tures (Paper I–IV)
b) to study the agreement on Neer-classification among doc-

tors at different levels of clinical experience (Paper V)
c) to study the effect of systematic training of doctors in the 

Neer classification (Paper VI)
d) to systematically review studies of observer agreement 

among doctors classifying according to the Neer classifica-
tion (Paper VII)

e) to study the agreement on the diagnosis of four-part frac-
tures (VIII)

f) to compare the agreement on classification with the agree-
ment on treatment recommendations (Paper IX)

g) to study patterns of ‘translation’ between the Neer and the 
AO/OTA classification (PaperX)

h) to systematically review clinical studies assessing outcome 
after osteosynthesis with locking plates in four-part frac-
tures or type C fractures (Paper XI–XII)

i) to systematically review clinical studies assessing outcome 
after reverse prosthesis in acute fractures (Paper XIII)

j) to design a protocol for future RCTs assessing outcome 
after surgical and non-surgical management of four-part 
fractures of the proximal humerus (Paper XIV)

Aims of the thesis
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’These cases [fracture-dislocations of the proximal humerus] 
should teach the members of our profession to be kind, gener-
ous, and liberal towards each other; and not to impute to igno-
rance or inattention that which is the result of a generally-
incurable accident.’ Sir Astley Cooper (1839)80

Ancient Egypt, Greece, and Rome (Paper I)

In the earliest known surgical text, Edwin Smith Papyrus81, 

82, three cases of humeral fractures are described (Figure 5). 
Reduction by traction followed by bandaging with strips of 
cloth with alum, oil, and honey is described. The prognosis 
of closed injuries of the humerus is considered favorable. 
However, in compound fractures with bone penetrating the 
soft tissue and blood issuing from the wound the prognosis 
is considered hopeless. Well preserved healed fractures of 
the humerus have been excavated (Figure 6), but the results 
after the described treatments have not been recorded as no 
humeral fractures with bandages in situ have been found. In 
the Hippocratic Corpus (circa 440–340 BC) the author of On 
Fractures83, 84 distinguishes prognostically between proximal 
and distal fractures of the humerus. A fracture of the head of 
the humerus is considered milder than injuries near the elbow 
joint. A maneuver of reduction (Figure 7) is described. Ban-
dages of linen soaked in cerate and oil are applied followed 
by splinting after a week. Healing is expected in forty days. 
In The Alexandrian School of Medicine (third century BC)85 

fracture-dislocations of the proximal humerus are mentioned, 
and it is discussed whether the dislocation should be reduced 
before or after setting the fracture. In Celsus (25 BC to AD 
50)86 humeral shaft fractures are distinguished from proximal 
and distal humeral fractures. Pathoanatomical patterns includ-
ing transverse, oblique, and multi-fragmented fractures, their 
typical patterns of displacement, and the sensation of crepitus 
are described.

From the fall of the Roman Empire to the late 
eighteenth century (Paper II)

In Albucasis of Cordoba (936–1013)87 plasters of mill-dust and 
egg-white are applied after reduction. Provided no swelling or 
inflammation is present splints made from pine or palm tree 
are subsequently applied. Finally, the forearm is bandaged to 
the humerus, placing the hand open on the uninjured shoulder. 
Albucasis’ principle of bandaging can be found in the bandage 
later ascribed to Velpeau (1795–1867)88 (Figure 8). In his ana-

Historical review

Figure 5. The Edwin Smith Papyrus (copied c. 1600 BC). Column XII 
and XIII including three cases on humeral fractures. Reprinted from 
Allen (2005)81 with permission from The New York Academy of Medi-
cine Library.

Figure 6. Healed fracture of a 
left proximal humerus (posterior 
view). Young woman. First or 
middle part of New Kingdom (c. 
1539–1075 BC). Reprinted with 
permission from Laboratory of 
Biological Anthropology, Univer-
sity of Copenhagen.

Figure 7. Reduction of a frac-
tured humerus according to De 
Fracturis (c. 415 BC). Reprinted 
from É. Littré (1841)152.

A
ct

a 
O

rt
ho

p 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
D

an
m

ar
ks

 N
at

ur
-o

g 
on

 0
1/

05
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



12 Acta Orthopaedica (Suppl 351) 2013; 84

tomical drawings Leonardo da Vinci (1452–1519)89-91demon-
strates a thorough knowledge of the biomechanical properties 
of the shoulder. In Figure 9 the humeral head is withdrawn 
from the glenoid cavity and viewed from above. This view 
enables a common presentation of the osseous structures, the 
four muscles of the rotator cuff, the insertions of both heads of 
the biceps, and the structures attached to the coracoid process 
(short head of biceps, coracobrachialis, and pectoralis minor). 
French surgeons in first half of eighteenth century conduct 
human anatomical studies to understand the pathoanatomical 
and pathophysiological basis of fracture displacement. Joseph 
Duverney (1648–1730)92 distinguishes four different ‘species’ 
of fractures of the proximal humerus: transverse fractures, 
oblique fractures, fractures with splinters, and fractures with 
bone shivered to pieces. He further describes the pathophysio-
logical mechanism of the shortening seen in proximal humeral 
fractures. Pierre-Joseph Desault (1744–1795)93-95 character-

Figure 8. Velpeau’s bandage. Reprinted from Bergmann and Bruns 
(1901)153.

Figure 9. Leonardo da Vinci. The shoulder viewed from above (c. 
1510–13)91.

Figure 10. Desault’s three-layer bandage recommended for immobili-
sation of fractures of the clavicle and the proximal humerus. The ban-
dage was also used for immobilisation of glenohumeral dislocations. 
Reprinted from Desault (1805)95.

izes fractures of the proximal humerus according to trauma 
mechanism, anatomical level, pathoanatomical pattern, the 
state of the surrounding soft parts, and displacement of frag-
ments. Desault also mentions complicating factors in fractures 
including fracture-dislocations, compound fractures and frac-
tures followed by infection. Based on considerations upon 
the muscles acting on the fractured parts, Desault rejects the 
Hippocratic mode of extension repeated in written sources for 
more than two millennia. He proposes a more gentle proce-
dure of reduction by extension and counter-extension involv-
ing two assistants. The reduction is maintained by a three-
layer bandage (Figure 10).

Nineteenth century sources (Paper III)

The difficulties of distinguishing displaced or impacted frac-
tures of the proximal humerus from glenohumeral dislocations 
and fracture-dislocations are discussed by Sir Astley Cooper 
(1768–1841)96. He comments on the reduction of fracture-dis-
locations which he considers incurable. He states that the sur-

A
ct

a 
O

rt
ho

p 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
D

an
m

ar
ks

 N
at

ur
-o

g 
on

 0
1/

05
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Acta Orthopaedica (Suppl 351) 2013; 84 13

geon can do what he will, the head of the bone will probably 
remain in the axilla (Figure 11), and the upper motions of the 
arm will be in a considerable degree lost97. Several early nine-
teenth century authors propose pathoanatomical classification 
systems for proximal humeral fractures, among others, Astley 
Cooper, Robert William Smith (1807–1873)98 and, Joseph-
François Malgaigne (1806–1865)1, 99. In 1851, Johann 
Ludwig Wilhelm Thudichum (1829–1901)100 publishes a com-
prehensive classification based on the anatomic level of the 
fracture lines (Table I). Numerous bandages for fractures of 
the proximal humerus are developed in the nineteenth century. 
Robert Liston’s (1794–1847) bandage allows for a permanent 
valgus pressure (Figure 12)101. The bandage is extended to 
the forearm and hand to prevent soft tissue swelling. “Mid-
dledorpf’s triangle” (1824–1868) (Figure 13)102 fixes the 
upper arm in abduction. Hamilton’s (1813–1886) adhesive 
plasterbandage applies a permanent traction (Figure 14)103, 

Figure 11. Unreduced fracture-dislocation of the proximal humerus. 
Reprinted from Thudichum (1851)100.

Table I. Classification of fractures of the proximal humerus. Trans-
lated and modified from Thudichum (1851)

I.  Anatomical neck fractures
 	 A. intra-capsular fracture without impaction
 		  intra-capsular fracture
 		  intra-capsular fracture-dislocation 
 	 B. intra-capsular fracture with impaction
 		  intra-capsular fraction with impaction
 		  intra-capsular fraction with impaction and complicating 	
 		  tuberosity fracture
II. Fractures of greater tuberosity
III. Fractures of lesser tuberosity
IV. Epiphysiolysis
 	 A. epiphysiolysis
 	 B. fracture involving the epiphyseal line
V. Surgicalneckfractures
 	 A. extracapsular fractures without impaction 
 		  extracapsular fracture
 		  extracapsular fracture-dislocation 
 	 B. extracapsular fracture with impaction

and Bardenheuer’s (1839–1913) extension apparatus (Figure 
15)104 allows for differentiated traction during the immobilisa-
tion period. After Antonius Mathijsen (1805–1878) introduced 
the hard setting plaster of Paris bandage in 1852105-107, plaster 
bandages for fractures of the proximal humerus are developed. 
Hennequin’s (1836–1910) plaster bandage (Figure 16)102 uses 
the principle of the later hanging cast.

Early twentieth century sources (Paper IV)

Emil Theodor Kocher (1841–1917)108 proposes the last com-
prehensive pre-radiological classification system for frac-
tures of the proximal humerus in 1896, the same year as 
Roentgen’s (1845–1923) important work on ‘a new kind of 
rays’109. Kocher’s classification is pathoanatomically based 
and developed in analogy to his classification of fractures 

Figure 12. Liston’s bandage. Reprinted from Liston (1838)101.

Figure 13. Middledorpf’s triangle. Reprinted from Stimson (1899)102.
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Figure 14. Adhesive plaster bandage and 
permanent traction. Reprinted from Hamilton 
(1865)154.

Figure 16. Hennequin’s plaster splint. 
Reprinted from Stimson (1887)102.

Figure 15. Bardenheuer’s extension apparatus. 
Reprinted from Hoffa (1888)104.

of the proximal femur (Figure 17). To capture the patho-
anatomy and pathophysiolgy of proximal humeral fractures 
Ernest Amory Codman (1869–1940)110 suggests studying the 
involvement of four distinct anatomical segments along the 
lines of the epiphyseal union: the greater tuberosity, the lesser 
tuberosity, the humeral head, and the humeral shaft (Figure 
18). The four-segment approach is radiographically defined, 
but takes into account the muscular forces of the rotator cuff 
acting on the four segments. Codman’s approach profoundly 
influenced later classifications. Charles Neer first refers to 
Codman’s classification in 1953111. In his classification from 
197015 Neer integrates fracture anatomy, biomechanics, and 
the notion of displacement. It is built upon knowledge of the 
effect of muscles attaching to free segments, rotator cuff integ-

Figure 17. Kocher’s approach to classification of fractures of the proxi-
mal humerus and the proximal femur. Reprinted from Kocher (1896)108.

Figure 18. The four anatomical segments of the proximal humerus. 
Reprinted from Codman (1934)110 with permission from Krieger Pub-
lishing Company.

rity, the effect of the vascular supply to the humeral head, and 
the condition of the articular surface. Neer’s extension of Cod-
man’s four- segment approach was a breakthrough in classifi-
cation of proximal humeral fractures.
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‘Unfortunately, all these classification systems have failed to 
show that a fracture belonging to a particular group has a 
distinctly different prognosis, requires a different treatment, or 
has a different outcome.’ Christian Gerber (2005)112

The conduct of randomized clinical trials usually involves 
multiple centers for gaining sufficient statistical power, espe-
cially in complex fracture patterns. The conduct and inter-
pretation of multi-centre trials are facilitated by a rigorous 
approach to classification. It remains difficult to interpret and 
compare outcome, and obtain consensus on treatment recom-
mendations, when clear definitions and a common ‘fracture 
language’ is lacking.

Agreement on unselected radiographs in a 
clinical setting: an observer study (Paper V)

Previous observer studies have used a limited number of 
observers and cases, and the agreement on subgroups of cer-
tain fracture patterns and the importance of clinical experience 
of observers has been imprecisely estimated. I aimed to study 
inter-observer agreement within a large group of orthopae-
dic doctors using the Neer classification. The secondary aim 
was to study the inter-observer agreement between doctors at 
three levels of clinical experience. We conducted an observer 
study based on an unselected, consecutive series of proximal 
humeral fractures (n=42) including as observers the full medi-
cal staff (n=24) at the department of orthopaedic surgery in a 
Danish university hospital. The observers independently clas-
sified all sets of radiographs according to the 16 category Neer 
classification. To mimic the clinical situation no selection 
according to quality of images was allowed, and the observers 
were not informed about the study prior to the classification 
session. Mean kappa value for inter-observer agreement was 
0.27 (95% CI 0.26–0.28) with no clinically significant differ-
ence between orthopaedic residents, fellows, and specialists 
(Table II). Mean kappa values for inter-observer agreement on 

Classification

displaced versus non-displaced fractures were 0.41 (95% CI 
0.39–0.43) overall, and 0.50 (95% CI 0.45–0.56) within the 
specialist group. I concluded that all kappa values were dis-
satisfying from a clinical perspective, and means of improving 
observer agreement should be studied.

The effect of training of doctors: a randomised 
clinical trial (Paper VI)

I studied the effect of systematic training of doctors in the 
Neer classification. Fourteen doctors independently classified 
42 unselected sets of radiographs (same images as in Paper 
V) according to the 16 category Neer classification. Subse-
quently, they were randomly allocated to a training group or 
a control group. The training group was taught the Neer clas-
sification for 45 minutes based on material from Neer’s origi-
nal article15. Two weeks later, the training group received a 
second teaching session of 45 minutes, before all participating 
doctors were presented with the same sets of radiographs, but 
in a different order. The mean difference in kappa between 
the training and control groups was 0.30 (95% CI 0.10–0.50, 
p=0.006) (Table III). In the training group the mean kappa 
value for inter-observer agreement improved from 0.27 (95% 
CI 0.24-–0.31) to 0.62 (95% CI 0.57–0.67) (p = 0.006). The 
improvement was particularly notable for specialists in whom 
kappa increased from 0.30 (95% CI 0.23–0.37) to 0.79 (95% 
CI 0.70–0.88). The increase in agreement after teaching in 
the training group was equally distributed among all pairs 
of observers, while agreement among all pairs of observers 
in the control group remained distributed around baseline 
kappa. I concluded that when the Neer classification is used 
by untrained doctors it is too unreliable for clinical practice 
and research. Formal training in the Neer classification seems 
to be a prerequisite for its use in clinical practice and research.

Table II. Mean kappa values (95% CI) for agreement on 
the Neer classification at three levels of clinical experience
￼

Level of experience	 Number	 Mean kappa

All observers 24	 0.27 (0.25–0.28)
Residents 9	 0.26 (0.23–0.29) 
Fellows 6	 0.21 (0.16–0.25) 
Specialists 9	 0.33 (0.30–0.35)

Table III. Mean (95% CI) kappa values for classification according 
to Neer
￼￼
￼￼
￼￼  	 Control	 Training
￼
Baseline
 Overall (n = 7)	 0.28 (0.24–0.31)	 0.27 (0.23–0.31)
 Specialists (n = 4)	 0.30 (0.23–0.37)	 0.30 (0.23–0.37)
 Non-specialists (n = 3)	 0.19 (0.10–0.29)	 0.26 (0.16–0.36)
After training
 Overall (n = 7)	 0.33 (0.29–0.36) 	 0.62 (0.57–0.67)
 Specialists (n = 4)	 0.31 (0.24–0.39)	 0.79 (0.70–0.88)
 Non-specialists (n = 3)	 0.38 (0.28–0.47)	 0.51 (0.39–0.62)
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A systematic review of observer studies (Paper 
VII)

A systematic review of observer studies among doctors clas-
sifying proximal humeral fractures according to the Neer 
classification was conducted. The primary aim was to review 
studies of inter- and intra-observer agreement among doctors 
using the Neer classification. The secondary aim was to study 
factors that potentially could influence the level of agreement. 
I included observational studies in which doctors were asked 
to independently classify a series of proximal humeral frac-
tures according to the Neer classification, and randomized 
trials of interventions that could possibly influence the level of 
agreement. A predefined quality assessment of the individual 
observational studies and randomized trials was conducted. 
Based on eleven observational studies and one randomized 
trial I found that doctors disagree substantially when classi-
fying according to the Neer classification. The overall mean 
kappa-values for inter-observer agreement in studies report-
ing unweighted kappa-values ranged from 0.17 to 0.52 (Table 
IV). In the studies reporting weighted kappa-values for inter-
observer agreement mean kappa-values ranged from 0.30 to 
0.40. The five studies that reported intra-observer agreement as 

kappa values generally found it higher than the inter-observer 
agreement ranging from 0.34 to 0.72. No clear improvement 
by adding CT or 3D CT scans to plain radiographs was found. 
No improvement was found by simplification of the classifica-
tion to 2, 5, 6, 13 or 15 categories. Only one study reported 
kappa values for inter-observer agreement exceeding 0.60. 
This value was obtained in the randomized study testing the 
effect of standardized training of orthopaedic doctors (Paper 
VI).

Agreement on the diagnosis of displaced four-
part fractures: a review of observer studies 
(Paper VIII)

Displaced four-part fractures are challenging to diagnose, 
classify, and manage. These severe injuries have been reported 
to comprise 2–10% of all proximal humeral fractures113-115. 
I aimed to quantify observer agreement on classification of 
displaced four-part fractures. I extracted published and unpub-
lished data on four-part fractures and calculated mean kappa-
values for inter- and intra-observer agreement. Five observer-
studies were included. Mean kappa-values for inter-observer 

Table IV. Inter-observer agreement in 12 observer-studies (mean kappa and/or range of kappa)

	 Study characteristics	 Interobserver agreement	 Intraobserver agreement
		  (mean/range of kappa)	 (mean/range of kappa)
Study	 Cases	 Observers	 Neer-	 Non-displaced	 Radiographs only	 CT or 3D-CT	 Radiographs or radiographs
	 (n)	 (n)	 classes	 fractures			   and CT viewed together
			   (n)	  (%)			   on two occasions

Kristiansen1988	 100	 4	   5	 27	 0.30 (0.07–0.48) a

Siebenrock 1993	   95	 5	   5	 Ns	 0.40 (0.25–0.51)1 a		  0.60 (0.46–0.71) a

Sidor 1993	   50	 5	 16	 Ns	 0.48 (0.43–0.58)		  0.66 (0.50–0.83)
Sidor 1994	   50	 5	 16	 Ns	 0.39 and 0.49
Brien 1995	   28	 4	 13	 0	 0.48 (0.37–0.75)
Bernstein 1996	   20	 4	 16	 20	 0.52	 0.50	 0.72 (0.63-0.79)
Sallay 1997	   12	 9	   6	 20	 0.58 (0.41–1.00) b		
 					     0.35 (0.24–0.77) c

Sjöden 1997	   26	 10	 16	 12		  0.44	 0.34 (0.20–0.85)
Sjoden 1999	   24	 7	 16	 21		  0.47	 0.56 (0.27–0.73)
Brorson 2002a	   42	 24	 16	 21	 0.27
 			     2 d		  0.41 d

Brorson 2002b	   42 e	 14	 16	 21	 0.27	
 					     0.62 f

Schwartz 2003	   21	 11	 15	 Ns	 0.17	
Schrader 2005	 113	 3	 16	 Ns	 0.42 g and 0.47 f,g 	 0.34	 0.19–0.73 g

 					     0.45 g,h and 0.55 f,g,h

Brorson 2009	 21–42 i	 4–24	   2 j	 0–21	 0.16–0.48 g

a Weighted kappa
b Neck fractures
c Tuberosity fractures
d Displaced versus non-displaced
e Randomized trial
f After training
g Including some CT-scans
h Agreement on treatment recommendation
i Review of data on four-part fractures from five observer studies
j Four-part versus non-four-part
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agreement ranged from 0.16 to 0.48. In six out of eight clas-
sification sessions the observers agreed less on displaced four-
part fractures than on the overall Neer classification. Special-
ists agreed slightly more than fellows and residents. Advanced 
imaging modalities (CT and 3D CT) seemed to contribute 
more to agreement on classification of displaced four-part 
patterns than in less complex patterns. In a study involving 
training of observers (Study VI) the ‘prevalence’ of displaced 
four- part fractures decreased from 10 to 2% after training at 
all levels of clinical experience. Mean kappa-values for intra-
observer agreement on four-part fractures ranged from 0.26 to 
0.55 as compared with 0.51 to 0.56 for overall agreement on 
the Neer classification. I concluded that observers agree less 
on four-part fractures than on the Neer classification in gen-
eral, and low observer agreement may challenge the clinical 
approach to displaced four-part fractures and pose a problem 
for the interpretation and generalization of results from clini-
cal trials.

Agreement on treatment recommendations 
among shoulder surgeons: an observer study 
(Paper IX)

The clinical implication of low observer agreement among 
orthopaedic surgeons classifying proximal humeral fractures 
is unclear. I aimed to compare the agreement on Neer classifi-
cation with the agreement on treatment recommendations. We 
conducted a multi-centre observer-study among five experi-
enced shoulder surgeons assessing a large, consecutive series 
of unselected radiographs (n=193). The observers indepen-
dently assessed and classified all sets of radiographs accord-
ing to the Neer classification on two occasions three months 
apart. Subsequently, the observers were asked to recommend 
one of three treatment modalities for each case: non-surgical 
treatment, locking plate osteosynthesis, or primary hemiar-
throplasty. I recorded if changes in classification categories 
were accompanied by changes in treatment recommendation. 
At both classification rounds mean kappa-values for inter-
observer agreement on treatment recommendations (0.48 
and 0.52) were significantly higher than the agreement on 
Neer classification (0.33 and 0.36) (p<0.001 at both rounds; 
Table V). The highest mean kappa-values were found for 
inter-observer agreement on non-surgical treatment (0.59 and 
0.55). In 36% (345 out of 965) of observations an observer 
changed Neer category between first and second classifica-
tion round. However, in only 34% of these cases (116 out of 
345) the observers changed their treatment recommendation. 
I concluded that the low observer agreement on the Neer clas-
sification reported in numerous observer studies may have less 
clinical importance than previously assumed.

Translation between the Neer classification and 
the AO/OTA classification: Do we need to be 
bilingual to interpret the scientific literature? 
(Paper X)

The reporting of clinical trials of proximal humeral fractures 
is hampered by the use of two different fracture classification 
systems; the Neer classification (Figure 1) and the AO/OTA 
classification (Figure 2). I approached the problem empiri-
cally by ‘mapping’ patterns of translation between the two 
classification systems as they appear in the scientific litera-
ture. First, large clinical series containing data from both clas-
sification systems were systematically searched and analyzed. 
Second, discrepancies and problematic translations were qual-
itatively analyzed. Third, a table (Table VI) for cross-checking 
of fracture coding for reporting and interpretation of data in 
the scientific literature was proposed. Primary data from 2530 
cases from seven studies providing primary data from both 
classification systems were analyzed. Thirty-five percent (151 
out of 432) of the combinations were considered ‘not plau-
sible’ and thirty-four percent (149 out of 432) were consid-
ered ‘problematic’. Problematic combinations were discussed 
and a tentative table for cross- checking of fracture coding 
was proposed (Table VI). The assumption that AO/OTA type 
A fractures are 2- part fractures, type B are three-part frac-
tures, and type C are four-part fractures58, 116, 117 was not sup-
ported by our data. Intraarticular fractures (AO/OTA Type C) 
can appear as one-, two-, three-, or four-part fractures within 
the Neer classification. Thus, clinical important information is 
lost within both classification systems. Most importantly, the 
varus/valgus distinction is not found in the Neer classification 
and a clear definition of displacement is lacking in the AO/
OTA classification.

Table V. Mean kappa-values (95% CI) for interobserver agreement 
between five shoulder surgeons
￼￼￼
￼
 Neer classification	 Treatment	 Adequacy of
 	 recommendations	 images

First round	
 0.33 (0.29–0.38)	 0.48   (0.43–0.54)	 0.29 (0.22–0.38)
 	 0.59 a (0.52–0.66)
 	 0.38 b (0.31–0.46)
 	 0.42 c (0.35–0.49)
Second round d	
 0.36 (0.31–0.42)	 0.52   (0.45–0.58)	 0.24 (0.18–0.31)
 	 0.55 a (0.48–0.63)
 	 0.53 b (0.44–0.61)
 	 0.42 c (0.34–0.49)
￼
a Non-surgical treatment
b Locking plate osteosynthesis
c Hemiarthroplasty
d Patients’ age known to observers
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1-part 2-part 3-part 4-part Articular 
surface

Neer categ. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

AO/OTA
subgroups

 

Yes No ? Yes ? ? ? No No No No No No No No No

Yes No ? Yes ? ? ? No No No No No No No No No

No No ? Yes ? Yes ? No No No No No No No No No

Yes No Yes ? ? ? ? No No No No No No No No No

Yes No Yes ? ? ? ? No No No No No No No No No

Yes No Yes ? ? ? ? No No No No No No No No No

Yes No Yes ? ? ? ? No No No No No No No No No

? No Yes ? ? ? ? No No No No No No No No No

? No Yes ? ? ? ? No No No No No No No No No

Yes No Yes Yes ? ? ? Yes ? ? ? No No No No No

Yes No Yes ? Yes ? ? ? Yes ? ? No No No No No

Yes No Yes Yes ? ? ? Yes — ? ? No No No No No

Yes No Yes Yes Yes ? ? Yes Yes ? ? No No No No No

Yes No Yes Yes Yes ? ? Yes Yes ? ? No No No No No

Yes No Yes Yes Yes ? ? Yes Yes ? ? No No No No No

Table VI. Plausibility of combinations between the Neer- and the AO/OTA-classification
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1-part 2-part 3-part 4-part Articular 
surface

Neer categ. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

AO/OTA
subgroups

 

No No ? ? ? Yes — ? ? — — No No No No No

No No ? ? ? Yes ? ? ? Yes Yes No No No No No

No No ? ? ? ? — ? ? Yes Yes No No No No No

Yes — ? ? ? ? ? Yes — ? ? Yes ? ? — —

Yes — ? ? ? ? ? Yes — ? ? Yes ? ? — Yes

Yes Yes ? ? ? ? ? — — ? ? — ? ? — —

? Yes ? ? ? ? ? Yes Yes ? ? Yes ? ? Yes Yes

? Yes ? ? ? ? ? Yes Yes ? ? Yes ? ? Yes —

? Yes ? ? ? ? ? Yes Yes ? ? Yes ? ? Yes Yes

No ? ? ? ? Yes Yes ? ? Yes — ? Yes Yes Yes Yes

No ? ? ? ? Yes — ? ? Yes Yes ? Yes Yes Yes —

No ? ? ? ? — — ? ? Yes Yes ? Yes Yes Yes Yes

Table VI continued

Yes: Combinations appear in our data and are considered ‘plausible’
No: Combinations are considered ‘not plausible’
?: Combinations are considered ‘problematic’
—: Combinations do not appear in our data
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’There is one very striking thing about fractures of the 
humerus, and that is that most cases eventually recover pretty 
good use of their shoulders in spite of any kind of treatment.’ 
Ernest Amory Codman (1934)110

Benefits and harms of locking plate osteo
synthesis in displaced four-part fractures: a 
systematic review (Paper XI)

A systematic review of clinical studies reporting outcome 
after osteosynthesis with locking plates in displaced four-part 
fractures was conducted. Clinical studies, randomized trials, 
comparative studies (prospective or retrospective), and case 
series were included. Fourteen studies representing 374 four-
part fractures were identified. There were no randomized 
trials, one prospective observational comparative study, three 
retrospective, observational, comparative studies, and ten case 
series. Unclear reporting in all 14 studies hampered the assess-
ment, and small studies with a high risk of bias precluded reli-
able estimates of functional outcome. Mean non-adjusted CS 
for four-part fractures ranged from 57 to 76. High rates of 
complications (16% to 64%) and re-operations (11% to 27%) 
were reported. The major harm was primary and secondary 
screw penetration. I concluded that the empirical foundation 
for locking plates in displaced four-part fractures of the proxi-
mal humerus is weak with a considerable risk of bias.

Benefits and harms of locking plate osteo
synthesis in intra-articular fractures (AO/OTA 
Type C): a systematic review (Paper XII)

A systematic review of clinical studies assessing outcome 
after osteosynthesis with locking plates in intraarticular frac-
tures (AO/OTA Type C) was conducted. The methodological 
approach was similar to Paper XI except for the search for 
AO/OTA Type C fractures. Twelve studies representing 282 
Type C fractures were included. The number of included Type 
C fractures per study ranged from 10 to 54. No randomized 
trials, one prospective, observational, comparative study, one 
retrospective, observational, comparative study, and nine case 
series (six prospective and three retrospective) were identified. 
Mean non-adjusted CS ranged from 53 to 75. The most com-
monly reported complications were avascular necrosis (range 
4–33%), screw perforations (range 5–20%), loss of fixation 
(range 3–16%), impingement (range 7–11%) and, infections 
(range 4–19%). Reoperation rate ranged from 6 to 44%. The 

Management

reporting of the included studies was too unclear for a valid 
assessment of risk of bias or meaningful estimates of func-
tional outcome. In seven studies it was not possible to extract 
data on complications for Type C fractures separately. I con-
cluded that inferior study designs and unclear reporting pre-
clude safe treatment recommendations.

Reverse shoulder arthroplasty in acute fractures 
of the proximal humerus: a systematic review 
(Paper XIII)

In elderly patients with poor bone stock and complex fracture 
patterns it may be impossible to obtain satisfactory anatomical 
fixation and healing of the tuberosities to a HA. In such cases 
primary insertion of RSA has been suggested. In displaced 
four-part fractures and fracture- dislocations some forward 
elevation and abduction can be obtained even if the tuber-
osities do not heal. I systematically reviewed clinical studies 
reporting outcome after RSA in acute fractures of the proximal 
humerus. I included 18 studies representing 430 reverse pros-
theses in acute fractures. Non-adjusted CS for RSA in acute 
fractures ranged from 39 to 68. Three studies compared CS for 
RSA with a historical control of HA. Outcome was compara-
ble to previous reviews of HA in four- part fractures. Reported 
complications included infection, hematoma, instability, dis-
location, loss of rotation, neurological injury, reflex sympa-
thetic dystrophy, intraoperative fractures, acromial fractures, 
periprosthetic fractures, and baseplate failure. Radiological 
scapular notching after reverse prostheses in acute fractures 
ranged from 3 to 97%. The clinical implications of scapular 
notching are debated, but studies with long term follow up 
report a decrease of functional outcome after five years118, 119.

Protocol for a multi-centre randomized clinical 
trial (Paper XIV)

Several surgical techniques have been suggested in displaced 
four-part fractures including transcutaneus reduction, exter-
nal fixation, HA, or ORIF with Kirschner wiring, tension-
band wiring, transosseous suturing, plate fixation, intramed-
ullary rod fixation, screw fixation, or, most recently, locking 
plates. I compare the effect of ORIF with locking plates with 
non-surgical management in displaced four-part fractures in 
elderly. I also compare the effect of primary HA with both 
ORIF and non-surgical management. A randomized, multi-
centre, clinical trial is conducted. After obtaining informed 

A
ct

a 
O

rt
ho

p 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
D

an
m

ar
ks

 N
at

ur
-o

g 
on

 0
1/

05
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Acta Orthopaedica (Suppl 351) 2013; 84 21

consent patients are randomly allocated to three groups of 
equal size: 1) non-surgical management (physiotherapy and 
self-training), 2) ORIF with locking plate followed by physio-
therapy and self-training, or 3) primary modular HA followed 
by physiotherapy and self-training. Assessment of clinical 
outcome is performed after 12 months by the responsible 
surgeon and a blinded doctor not otherwise involved in the 
study. Clinical outcome is evaluated using CS120-122, OSS123, 

124, and SF-36125, 126. The primary outcomes are blinded CS 
total score (0–100 points) and CS pain subscale score (0–15 
points) at 12 months. The primary data analysis of effect are 
two analyses of variance based on the blinded overall CS, and 
the blinded CS pain subscale score, measured at 12 months. 
If one or both of the ANOVA analyses are statistically sig-
nificant, a pair-wise testing based on t-tests is subsequently 
performed. Inclusion continues (January 2013).
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History

Historical reviews are subject to limitations. First, it may be 
doubted whether the written sources accurately represent the 
actual historical period. It is not known whether the written 
sources reflect common practice or were accessible to the 
learned elite only. For example, nineteenth-century textbooks 
by hospital trained surgeons may not reflect the actual treat-
ment of the vast majority of injuries. Until the early twentieth 
century manipulation and splinting were mainly practiced by 
illiterate bonesetters. To the extent that we only have written 
sources left to posterity, we cannot safely draw conclusions 
regarding widespread treatment of proximal humeral frac-
tures. But the written sources document that the procedures 
were considered. Many procedures were undoubtedly per-
formed by various sorts of practitioners that were either never 
described or the descriptions were lost. It cannot be ruled out 
that some of these approaches were beneficial.

Second, pre-radiographic diagnostics relied on surface anat-
omy, pain localization, crepitus, and impaired function. The 
exact diagnosis and localization of injuries of the shoulder and 
upper arm remains unclear in preradiographic sources. Inter-
pretations into modern scientific terms like “proximal frac-
ture,” “shaft fracture,” “glenohumeral dislocation,” or “frac-
ture-dislocation” should be made with caution. Dysfigura-
tions of the shoulder and upper arm are often compatible with 
several pathologic conditions in the region, and some authors 
might well have classified a variety of conditions with an 
altered surface anatomy of the shoulder as “fractures”. How-
ever, the proposed management of fractures of the clavicle, 
acromioclavicular dislocations, glenohumeral dislocations, 
and fractures of the proximal humerus were often identical, 
even though the surgical texts treat them separately.

Third, not until the early eighteenth century fractures of the 
proximal humerus were clearly distinguished from humeral 
shaft fractures and a differentiated management, in a modern 
sense, could be provided. However, a thorough pathoanatomi-
cal understanding of fractures of the proximal humerus was 
not developed until the late eighteenth century when speci-
mens of healed fractures were collected from autopsies and 
described systematically. The “true” diagnosis of a described 
injury remains unknown unless a pathologic specimen was 
obtained from autopsy and saved for posterity. Most speci-
mens were obtained many years after the injury and, therefore, 
mainly healed lesions were seen, leaving studies of acute inju-
ries to a few fatal cases.

Discussion

Classification
Kappa statistics and its limitations
The studies reporting observer agreement are using kappa sta-
tistics. Kappa, as defined by Landis and Koch127, is the most 
commonly used measure of agreement for categorical data. 
However, several limitations of kappa statistics should be 
mentioned.

First, kappa values cannot be compared between studies 
with different marginal distribution of classified items (i.e. 
Neer categories) as the value of kappa depends on the marginal 
distribution of the categories128. Kappa decreases given fixed 
overall agreement rates with very high or very low prevalence 
of the categories, and a lower kappa-value can be expected 
if an uncommon category is studied in an unselected popu-
lation129. This precludes a prudent pooling of kappa-values 
between studies. For example, in a specialized shoulder unit 
a higher prevalence of complex proximal humeral fractures 
are expected than in a general trauma unit. This may explain 
the low kappa-values reported in studies including unselected 
cases from a general orthopaedic population with a low preva-
lence of complex fractures. In his classical article from 1970 
Charles Neer reported a proportion of non-displaced fractures 
of 85%15. Later epidemiological studies have reported a pro-
portion of non-displaced fractures of 49%113 and 36%115, 
compared to 33% and 29% in my studies. Different age dis-
tributions may also affect the distribution of categories. The 
mean age in Neer’s study was 56 years, 66 years in Court-
Brown’s study, 65 in Tamai’s study, and 67 in my study.

Second, kappa does not take into account the ‘prognostic 
distance’ between the categories. For example, the ‘prognostic 
distance’ between a non-displaced fracture (Neer category 1) 
and a displaced fracture of the anatomical neck (category 2) 
is greater than the ‘prognostic distance between a displaced 
surgical neck fracture (category 3) and a displaced fracture 
of the greater tuberosity (category 4). Assigning weights to 
kappa may address such differences, but previous studies 
using weighted kappa values have not reported the weighting 
factors used.

Third, a challenge to observer studies is the qualitative 
interpretation of chance- corrected agreement rates130. There 
is no commonly accepted threshold for when a kappa-value 
becomes incompatible with high quality clinical care. I have 
adopted the interpretation by Landis and Koch127, but other 
interpretations can be found in the literature131.

Fourth, Kappa depends on the number of observers132. If 
the number of observers increases standard error decreases 
and kappa stabilizes among a mean value suggesting that a 
certain minimum of observers is required. I have been unable 
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to identify any formulae for calculation of the number of 
observers and cases needed in observer studies. I decided to 
follow Gjorup in recommending a number of cases no less 
than forty129.

Assessment of methodological quality of observer 
studies
A challenge to reviews of observer studies is to assess the 
methodological quality of the included oberver studies. 
Recently, we have been published130 guidelines for reporting 
of observer studies, but to my knowledge, no empirical stud-
ies have identified an association between aspects of method-
ological quality in observer studies and bias. I assumed that 
the risk of bias was lower when nine pre-defined criteria were 
present. However, I found no association between high meth-
odological quality and the level of agreement regardless of 
explorative sensitivity analyses where I varied the criteria for 
a high quality study.

Perception and image interpretation
Agreement of fracture classifications may be limited by raters’ 
ability to agree on basic radiographic assessments. In the 
evaluation of a fracture radiograph, certain basic assessments 
appear to be easier for observers to agree on than others133. 
Therefore, observer agreement will depend not only on the 
number of groups in the classification, but also on the type of 
assessments to differentiate between the groups. At least two 
phases in the classification process can be distinguished134, 135: 
a) an initial interpretation of radiographs to produce a mental 
image of a fracture in three dimensions, and b) a matching of 
the three dimensional image to the system of classification. In 
my data, it is not clear at which stage the agreement is lost.

Conceptions of displacement
I found a higher proportion of displaced four-part fractures 
than previously reported (17% and 18% compared to 2–10% 
reported elsewhere)113-115. The difference may be ascribed 
to different conceptions of displacement. In three- and four-
part fractures it is not clear whether all involved segments 
should be displaced according to Neer’s definition. Different 
approaches among the individual observers in my study may 
explain the differences in proportion of four-part fractures 
(range 8% to 35%) and the relatively low inter-observer agree-
ment on these fractures, mean kappa 0.39 (95% CI 0.28–0.49) 
and 0.41(95% CI 0.30–0.51). Differences in definitions may 
lead to inconsistencies in the interpretation of scientific data 
and in the conduct of clinical studies and systematic reviews.

Patient characteristics and observer agreement
It can be questioned to what extent observer studies reflect 
actual clinical agreement. In a clinical setting the observers 
usually have extensive knowledge about the patient’s age, 
functional level, co-morbidity, findings from physical exami-
nation, bone quality, type of trauma, as well as access to expert 

colleagues for discussion. Thus, the reported kappa-values for 
agreement, based on imaging material only, may underesti-
mate the agreement on diagnostic and therapeutic decisions 
in clinical settings. However, several authors have reported 
an underestimated severity of fracture patterns when preop-
erative classification was compared to intraoperative assess-
ment136, 137.

No evidence-based treatment recommendations based 
on patients’ age are available. For example, it is not clear 
whether osteosynthesis with locking plate is an option in the 
very elderly, or whether HA or RSA is an option in younger 
patients. Post hoc I observed an increase in kappa-value from 
0.38 to 0.53 (p = 0.012) in inter-observer agreement on the 
use of locking plates after adding information on the patients’ 
age (Study IX). An age- sensitive decision on locking plate 
osteosynthesis may reflect an assumption on an upper age limit 
for this treatment. However, in the remaining categories only 
a slight and non-significant increase in mean kappa-values for 
inter-observer agreement on classification and treatment were 
found after adding information on the patients’ age.

Management

I planned to conduct a systematic review of outcome after 
locking plate osteosynthesis in displaced four-part fractures 
and AO/OTA type C fractures. However, I realized that partial 
incommensurability between the two classification systems 
made my task difficult. For example, AO/OTA type C frac-
tures can appear as one-, two-, three-, and four-part fractures 
within the Neer classification. The classical four-part fracture 
(Neer category 12) does not appear in the AO/OTA system, 
and valgus-impacted fracture patterns (AO/OTA sub-group 
A2.3, B1.1, C1.1, and C2.1) can appear in the Neer classifica-
tion as one-, two-, three-, and four-part fractures. Therefore, I 
decided to conduct two separate systematic reviews.

Locking plates in displaced four-part fractures
The observational studies and case series reveal that the use 
of locking screws in rigid plates has lead to a new entity of 
complications in the treatment of proximal humeral fractures. 
The major complication is screw penetration. Primary (intra-
operative) screw penetration of the humeral head is usually 
caused by poor surgical technique. Secondary screw penetra-
tion or screw cut-out is related to the rigidity of the locking 
plate. Paradoxically, cut-out is often seen in comminuted 
fractures and poor bone quality for which conditions locking 
plates are especially recommended. The empirical foundation 
for the value of locking plates in displaced four-part fractures 
is weak with a considerable risk of bias. This precluded reli-
able estimates of functional outcome but I did note high rates 
of complications and re-operations. The balance between ben-
efits and harms is difficult to establish without further studies 
with a lower risk of bias.
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Locking plates in type C fractures
The reporting of the included studies was too unclear for a 
valid assessment of risk of bias or a meaningful extrapola-
tion of functional outcome after locking plate osteosynthesis 
in type C fractures. Insufficient study designs and unclear 
reporting preclude safe treatment recommendations. Com-
plication and reoperation rates were unexpected high and no 
treatment recommendations can be given based on the stud-
ies included. In particular, reporting of mean CS for AO/OTA 
groups and sub-groups was problematic. In studies with one 
or two patients in a group the reporting of a mean value of CS 
is hardly meaningful. For example, one study138 reported an 
unexpected high mean CS of 78 for C3 fractures, based on 
only two patients. A calculation of an overall mean CS for 
all type C fractures is not clinically meaningful and a more 
detailed analysis presupposes access to individual patient data.

Adjustment for age
The external validity of the included studies can be questioned. 
The relatively low mean age in the included studies may indi-
cate an unconscious or unreported upper limit of age for use of 
locking plates. If that is the case the reported outcomes cannot 
be used as a basis for clinical decision making in the elderly. 
If some elderly patients with Type C fractures have not been 
offered locking plate osteosynthesis a selection bias may be 
present. If non-surgical treatment is reserved for selected 
patients with a high intraoperative risk or limited functional 
demands the reported outcome may be underestimated in 
clinical series. The mean age was less than 60 years in three 
studies and between 60 and 70 years in the remaining studies. 
A mean age of 57 years was reported in the only prospective 
cohort study with parallel control139. A higher CS is expected 
in younger patients evaluated by non-adjusted CS because of 
the weight of strength and range of motion. As non-adjusted 
CS decreases in the elderly the positive effect of interventions 
in this group is likely to be underestimated. I recommend that 
future clinical trials comply with the age- and sex-adjusted 
score proposed by Constant et al.120, 122.

Reverse prosthesis in acute fractures
The reverse prosthesis was originally developed for cases 
when reconstruction of the tuberosities was impossible. How-
ever, reconstruction of the tuberosities seems to improve sta-
bility, and good functional outcome has been reported in cases 
where tuberosity fixation in reverse prostheses was performed. 

Fixation of the greater tuberosity seems essential for restor-
ing external rotation after complex fractures. Sirveaux et al.140 
reported a mean CS of 57 if the greater tuberosity was healed 
compared to 41 if the greater tuberosity was not healed. Emily 
et al.141 reported a mean adjusted CS of 45 in patients with 
no external rotation compared to 98 in patients with at least 
10 degrees of external rotation. It is, however, not clear why a 
RSA should be preferred to a HA if tuberosity fixation is pos-
sible. The cost-effectiveness of RSA compared to HA in acute 
fractures with tuberosity reinsertion remains an open question.

Recent developments
The advent of locking plate technology has led to an increased 
interest in ORIF in patients with poor bone stock. However, 
the high complication rates in locking plate osteosynthesis 
suggests that non-operative treatment should be considered, 
even in patients with three- and four-part fractures. By the 
introduction of locking plates in three- and four-part fractures 
the indications of primary HA may have changed. Functional 
outcome can be expected to decrease if HA is used predomi-
nantly in the complicated fractures or in the most fragile 
patients. Thus, selection bias may be a concern. Comorbid-
ity can confound the decision to operate. Recent reports from 
DSR142 have found a low revision rate in HA for fractures 
despite poor functional outcome suggesting that surgeons hes-
itate to revise these patients.

Is evidence from non-randomized studies better than 
no evidence?
Several methodological concerns when reviewing NRS 
should be mentioned143, 144. I have chosen a ‘best evidence 
approach’, but it may be objected that NRS have a restricted 
place in the scientific literature because of multiple possible 
biases. There is a lack of commonly accepted instruments for 
assessment of methodological quality in NRS. I decided to 
report functional outcome of the individual studies despite a 
high risk of bias, but I did not find it meaningful to report 
mean or median values for outcome between studies. I did 
report complications, failures, and reoperations. As the major-
ity of NRS included favour the new surgical interventions 
reported, I find it unlikely that harms should be overestimated. 
However, the size and direction of bias in NRS compared with 
RCTs are difficult to predict145, 146. Other reasons for includ-
ing NRS are the generation of new hyphoteses, and estimating 
SD for future sample size calculations.
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Challenges for future clinical research include partial incom-
mensurability and low reliability of classification systems, a 
growing population of fragile elderly with substantial comor-
bidity and poor bone stock, and a tenacious tradition in ortho-
paedics for publishing retrospective case series. Focused 
observer studies could analyze sources of disagreement, for 
example whether disagreement occurs in the primary identi-
fication of fracture fragments or in other phases of the radio-
graphic or clinical assessment. Additional randomized trials 
could seek to identify which training methods are the most 
effective. Prospective studies on the agreement on treatment 
recommendations among shoulder surgeons assessing all data 
on the patients could be useful. Two systematic reviews are 
in progress: a study of the benefits and harms of primary HA 
in four-part fractures, and a study of the benefits and harms 
of non-surgical management of four-part fractures. Inclusion 
of patients in our randomized trial (Paper XIV) continues. A 
multi-centre randomized clinical trial on outcome after pri-
mary RSA in displaced four-part fractures and head-split 
fractures is planned. Further, a prospective study of outcome 
after revision with RSA in failed HA after fractures is planned. 
Finally, registry studies of changes in the incidence of HA in 
fractures obtained from DSR compared with the incidence of 
ORIF obtained from The Danish National Patient Registry are 
planned.

Unanswered questions 	
and future research

The diagnosis and management of proximal humeral fractures 
have challenged medical practitioners at all times. The patho-
anatomical approach considered valid today was developed 
more than a century before the radiographic era. Changing 
historical conceptions and clinical approaches to shoulder 
injuries have been identified and analyzed.

Consistently low kappa-values for interobserver agreement 
on the Neer classification and the AO/OTA classification were 
found. No clinically significant differences in observer agree-
ment were found at different levels of clinical experience, by 
reducing the number of categories, or by adding high qual-
ity radiographs, CT or 3D CT scans. However, interobserver 
agreement on the Neer classification improved significantly 
after systematic training. A lower agreement on four-part frac-
tures than on the Neer classification in general was found. A 
significantly higher agreement on treatment recommendation 
than on Neer classification was found among experienced 
shoulder surgeons, and low agreement on classification may 
have less clinical importance than previously assumed. The 
AO/OTA- and the Neer-classifications are partly incommen-
surable. The varus/valgus distinction is not found in the Neer 
classification and a clear definition of displacement is lack-
ing in the AO/OTA classification. I recommend scholars to use 
both classification systems and check the plausibility of the 
chosen combination. However, classification remains a chal-
lenge for the conduct, reporting, and interpretation of clinical 
trials.

Unexpected high rates of complications and reoperations 
after locking plate osteosynthesis in displaced four-part frac-
tures and type C fractures were found. Poor design and unclear 
reporting precluded reliable outcome estimates. In acute frac-
tures functional outcome after RSA was comparable to HA 
in displaced four-part fractures, but complication rates were 
high. The long term consequences of scapular notching are not 
known. The evidence for the benefits of surgery in complex 
fractures of the proximal humerus is weak. Results from ongo-
ing RCTs are expected147-151. Until higher quality evidence 
is available a routinely use of RSA, locking plates or reverse 
prostheses in displaced four-part fractures or AO/OTA type C 
fractures cannot be recommended outside clinical protocols.

Conclusions
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Fractures of the proximal humerus have been diagnosed and 
managed since the earliest known surgical texts. For more 
than four millennia the preferred treatment was forceful trac-
tion, closed reduction, and immobilization with linen soaked 
in combinations of oil, honey, alum, wine, or cerate. The 
bandages were further supported by splints made of wood 
or coarse grass. Healing was expected in forty days. Differ-
ent fracture patterns have been discussed and classified since 
Ancient Greece.

Current classification of proximal humeral fractures mainly 
relies on the classifications proposed by Charles Neer and 
the AO/OTA classification. Since the late 1980’s it has been 
known that intra- and inter-observer variation was high within 
the two systems. I conducted a series of observer studies to 
qualify the disagreement further and to study to what extent 
improvement of agreement could be obtained. No clinically 
significant differences in observer agreement were found at 
different levels of clinical experience, by reducing the number 
of categories, or by adding high quality radiographs, CT or 3D 
CT scans. A consistently low agreement on the Neer classifi-
cation within and between untrained orthopaedic doctors was 
found. However, we also found that inter-observer agreement 
on treatment recommendation was higher than the agreement 
on the Neer classification. In a randomized trial we found that 
agreement could improve significantly by training of doctors, 
especially among specialists. However, classification of proxi-
mal humeral fractures remains a challenge for the conduct, 
reporting, and interpretation of clinical trials.

The evidence for the benefits of surgery in complex fractures 
of the proximal humerus is weak. In three systematic reviews 
I studied the outcome after locking plate osteosynthesis or 
reverse arthroplasty in complex fractures patterns. No ran-
domized trials or well-conducted comparative studies were 
identified. High failure rates suggest that the use of these 
implants for complex fractures of the humerus should not be 
used outside clinical protocols. I recommend the conduct of 
randomized trials, and a design of such study is proposed.

Summary

Komplekse proksimale humerusfrakturer har været diag-
nosticeret og behandlet siden de tidligste kirurgiske tekster. 
Gennem mere end fire årtusinder var den foretrukne behan-
dling traktion i knoglens længderetning efterfulgt af lukket 
reposition og immobilisering med linned behandlet med for-
skellige kombinationer af olie, honning, alun, vin eller voks. 
Bandagen blev efterfølgende stabiliseret med skinner af træ 
eller stift, tørret græs. Den forventede helingstid var fyrre 
dage. I fire ortopædihistoriske arbejder undersøger jeg den 
historiske udvikling af diagnostik, klassifikation og behan-
dling af proksimale humerusfrakturer.

Nutidige klassifikationer af proksimale humerusfrakturer 
bygger hovedsaglig på Charles Neers og AO/OTAs klas-
sifikationer. Imidlertid har det siden sidst i 1980erne været 
kendt at inter- og intra-observatør variationen indefor disse 
to systemer er høj. Jeg gennemførte seks observatørstudier 
og systematiske oversigter for at kortlægge denne uenighed 
nærmere, og for at afklare i hvilket omfang en forbedring af 
enigheden kunne opnås. Jeg fandt ingen klinisk betydende for-
skel på enigheden ved forskellige niveauer af klinisk erfaring, 
ved reduktion af antallet af kategorier, ved at anvende rønt-
genbilleder i særlig god kvalitet, eller ved at supplere med 
CT eller 3D CT scanninger. En gennemgående lav enighed 
blandt læger på en ortopædkirurgisk afdeling blev fundet. 
Jeg fandt imidlertid også at enigheden om behandlings-rek-
ommendationer var højere end enigheden om klassifikation. 
I et randomiseret studie fandt jeg at enigheden kunne forbed-
res betydeligt gennem træning, særligt blandt speciallæger. 
Klassifikation af proksimale humerusfrakturer vedbliver dog 
at være udfordring for gennemførelse, rapportering og for-
tolkning af kliniske studier.

Evidensen for den gavnlige effekt af kirurgiske behan-
dlinger af komplekse proksimale humerusfrakturer er svag. I 
tre systematiske oversigtsartikler undersøgte jeg resultaterne 
efter osteosyntese med vinkelstabile skinner eller ved primær 
indsættelse af revers protese ved komplekse frakturer. Jeg 
fandt ingen randomiserede studier eller velgennemførte kom-
parative studier. Komplikationsrater omkring tredive procent 
tilsiger at disse implantater ikke bør anvendes udenfor proto-
koller ved komplekse proksimale humerusfrakturer. Jeg anbe-
faler gennemførelse af randomiserede studier og foreslår en 
protokol hertil.

Summary in Danish
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