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Proximal Humeral Fractures: The Choice 
of Treatment

Stig Brorson and Henrik Palm

10.1  Aim of Treatment

The overall aim of shoulder fracture treatment is to reduce pain and regain the best 
possible function. Most patients do not regain previous shoulder function, some 
patients had an impaired shoulder function prior to the injury, and some patients 
suffer persistent pain, whether treated surgically or non-surgically.

Generally, pain-free function at shoulder level should be the goal of treatment, 
allowing daily activities. The achievable treatment result may vary widely and the 
aim of treatment should be part of the shared decision-making.

Most proximal humeral fractures eventually heal, and non-union is seen in only 
1.1% of all fractures [1]. However, malunion is inevitable when displaced fractures 
are treated non-operatively in adults. This does not entail poor function or pain. 
Satisfactory patient-reported outcomes can often be obtained without restoring 
anatomy or replacing the joint with a prosthesis. Radiographic outcomes, range of 
motion and surgeon-administered outcome measures do not necessarily reflect the 
needs of the older patient suffering a shoulder fracture.
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10.2  Evidence and Literature

The evidence base for the management of proximal humeral fractures has been 
weak until recently. The increasing amount of literature has so far mostly been 
unable to inform clinical practice, due to poor methodological quality with only 
about 3% randomised clinical trials [2]. Consequently, different approaches can be 
found nationally, regionally and even between care providers at the same institution.

Although the latest Cochrane review [3] reported that surgery was not superior to 
non-surgical management for most proximal humeral fractures, less than 5% of the 
scientific literature on proximal humeral fractures deals with non-surgical treat-
ment, while more than 70% deals with surgical treatment modalities [2]. Also, 
increased surgical activity has been reported [4] and in some parts of the world lock-
ing plates remains the gold standard treatment in displaced fractures among the 
elderly [5]. In recent years, the reverse total shoulder arthroplasty has gained popu-
larity, but strong evidence has still to support this practice.

In the following paragraphs, we outline recent evidence-based principles for the 
management of these difficult fractures.

10.3  Epidemiology

Proximal humeral fractures are common and account for 4 to 6% of all human frac-
tures [6]. Among the non-vertebral fractures, they are third only to the wrist and hip 
fractures and, like these, are closely associated with osteoporosis. The lifetime risk is 
13% for a woman aged more than 50 years and around half of the patients have sus-
tained a previous fracture [7]. A three-fold increase in incidence has been reported 
between 1970 and 2002 [8] and the incidence in women aged more than 80 years is 
as high as 520/100,000 per year [9] but seems to have stabilised in recent years [10].

Previously, it was believed that most proximal humeral fractures were minimally 
displaced [11]. However, recent epidemiological studies have unequivocally 
reported that most fractures are displaced [6, 12, 13] and the complexity of the frac-
tures seems to increase with advanced age [14].

10.4  Fracture Classification

Proximal humeral fractures have been classified since the earliest known medical 
texts [15]. From 1970 the most commonly used classification system for proximal 
humeral fractures has been the Neer classification [11] followed by the AO classifi-
cation [16]. Both classification systems describe morphological aspects of the frac-
ture anatomy in an ordinal framework aiming to support diagnostics, treatment and 
prognostics.

The Neer classification (Fig. 10.1) is based on the description of four ana-
tomical segments of the proximal humerus, as they appear on plain 
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anterior–posterior radiographs: (1) the humeral shaft, (2) the articular part of 
the humeral head, (3) the greater tuberosity and (4) the lesser tuberosity. If any 
of the four segments are displaced more than 1 cm or angulated more than 45°, 
the fracture is considered displaced, while all other fractures are categorised as 
minimally displaced fractures regardless of the number of fracture lines. 
According to the number of displaced segments, the fractures are termed 2-part, 
3-part or 4-part.

This description is further qualified according to the involved segments, for 
example, 2-part surgical neck fracture (Fig. 10.2a), 3-part greater tuberosity fracture 
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Fig. 10.1 Neer’s classification with prevalence and the average age in each category. (Reproduced 
with permission from Acta Orthop)
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(Fig. 10.2b) or 4-part fracture involving all segments (Fig. 10.2c). Eighty-six per-
cent of all proximal humeral fractures are either minimally displaced (49%), 2-part 
surgical neck fractures (28%) or 3-part greater tuberosity fractures (9%) [6].

Additional information about fracture anatomy can be obtained by adding axil-
lary radiographs, CT-scans or 3D-CT scans. Numerous observer studies have dem-
onstrated poor agreement between and within observers using the Neer classification 
and the AO classification even on very basic observations of displacement and dis-
location [17]. Thus, the value of the classification of proximal humeral fractures in 
clinical decision making and research remains a challenge. The different use of 
classifications might explain the discrepancies in results and recommendations. 
Moreover, it has been difficult to establish a translation between the two commonly 
used classification systems [18].

a

c

b

Fig. 10.2 Non-surgical healing of different types of proximal humeral fractures. (a) Displaced 
2-part fracture of the ‘surgical neck’ treated non-surgically in an 81-year-old female nursing home 
resident suffering severe Parkinson’s disease. Radiographs at admission (left image) and at 
3 months (right image). The patient was pain-free and mobilised in a walker. Good healing but 
severe malunion was seen after 3 months. (b) Displaced 3-part greater tuberosity fracture treated 
non-surgically in a healthy 75-year old female. Radiographs at admission (left image) and 6 months 
(right image). The patient was independent living and pain-free. A slight decrease in strength in 
above shoulder activities was found but the patient achieved a full range of motion. (c) Displaced 
4-part fracture treated non-surgically in a 66-year old female. Radiographs at admission (left 
image) and 4 months (right image). The patient was a pain-free function at shoulder level and self- 
reliant in all daily activities

S. Brorson and H. Palm



147

The integrity of the rotator cuff is rarely assessed in trauma imaging. With 
advanced age, the incidence of degenerative rotator cuff tears increases. The prog-
nostic importance of concomitant rotator cuff lesions is not known.

10.4.1  Minimally Displaced Fractures

For clinical purposes, proximal humeral fractures are often simply divided into the 
two main groups explained earlier, the minimally displaced fractures and the dis-
placed fractures.

There is consensus that minimally displaced fractures can be managed non- 
operatively with short immobilisation in a sling followed by early exercises. Strong 
evidence is sparse, but randomised trials so far have reported the best results follow-
ing early mobilisation initiated after 1 week [19–22].

10.4.2  Displaced Fractures

The optimal treatment of displaced proximal humeral fractures has been a matter of 
controversy for decades. Recommendations have changed over time according to 
patients’ and surgeons’ preferences and influenced by the interests of implant providers.

It has proved difficult to demonstrate any beneficial effect of surgery in ran-
domised trials. An increasing number of trials have reported no difference in func-
tional outcome between surgical and non-surgical management and surgery seems 
to cause an increased risk of subsequent supplemental surgery. A Cochrane review 
included almost 2000 patients from randomised trials and could not find any bene-
fits of surgery compared to non-surgical management [3]. The studies included dis-
placed 2-part, 3-part and 4-part fractures. No evidence-based recommendations 
cover fracture-dislocations, articular fractures and isolated tuberosity fractures.

10.5  Treatment

Based on age, comorbidity, functional demand, fracture pattern, bone and soft tissue 
quality and patient preferences a shared treatment decision can be achieved. Based 
on the high-quality evidence available [3] non-surgical management should be the 
treatment of choice in minimally displaced fractures as well as in displaced 2-, 3 and 
4-part fractures in older patients. Management of articular surface fractures, 
fracture- dislocations and isolated tuberosity fractures is not covered by high-quality 
evidence and these fractures may benefit from surgery (Fig. 10.3).

The use of locking plates in displaced 2-part fractures cannot be recommended, 
as current high-quality evidence suggests no benefits compared to non-surgical 
management [23]. Head-preserving osteosynthesis with locking plates in complex 
fracture patterns and poor bone quality has been accompanied by high complication 
and reoperation rates [24, 25] and cannot be recommended.
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If humeral head replacement with the use of a prosthesis is needed, a reverse total 
shoulder arthroplasty seems to lead to a better functional outcome than hemiarthro-
plasty [26]. The superiority of reverse shoulder arthroplasty compared to non- 
surgical management has still to be demonstrated in high-quality studies, but results 
from the first randomised trial indicate that benefits are minimal in 3-, and 4-part 
fractures if patients are aged more than 80 years [27].

10.5.1  Non-surgical Treatment

Based on the available high-quality evidence [3] and the prevalence of fracture cat-
egories reported [6] more than 85% of all proximal humeral fractures can be man-
aged without surgery. As previously mentioned, less than 5% of the scientific 
literature on proximal humeral fractures deals with non-surgical management [2] 
and more such studies are warranted, including a focus on pain relief, bandaging 
methods and systematic training programs.

Several randomised trials have however compared early and late mobilisation 
in non-surgical cases and reported less pain and better function when initiating 
training within the first week [20–22]. Early mobilisation can be recommended in 
most patients except in unstable 3- and 4- part fractures and in tuberosity frac-
tures. In such cases, secondary displacement should be ruled out by outpatient 
visits, radiographs and controlled loading. The clinical effects of supervised train-
ing, home training or no structured training in older patients with proximal 
humeral fractures have been sparsely studied. Studies on time for the relief of pain 
are warranted, but our opinion is that most patients experience pain relief after 2 
to 3 weeks. Progress in function and pain relief can be expected by 3 to 6 months 
after surgery.

Non-surgical

Osteosyntheses

Locking Plate Locking Nail Hemi-Arthroplasty Reverse Arthroplasty

Prostheses

Fig. 10.3 The main treatment groups for proximal humeral fractures
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10.5.2  Surgical Management

Randomised trials and meta-analyses focusing on displaced 2-, 3- and 4-part frac-
tures have been unable to demonstrate superiority of surgery compared to non- 
surgical management [3]. There might however be a place for evidence-based 
surgery in older patients with fracture-dislocations, articular surface fractures and 
fractures with no contact between the bony fragments.

If surgical management is decided, osteosynthesis with a locking plate, or intra-
medullary nail can be an option if the humeral head can be preserved and tuberosity 
fixation is possible. If head-preserving surgery is not possible a joint prosthesis can 
be considered. Since the 1950s replacement of the humeral head with a shoulder 
hemiarthroplasty has been preferred, but within the last 20 years, the reverse total 
shoulder arthroplasty has gained increasing popularity as the outcome is less depen-
dent on tuberosity fixation.

10.6  Complications

It is well known that complications can follow surgery. However, complications 
after non-surgical management are not systematically reported in the scientific lit-
erature. Most terms and definitions concern radiographic appearance of the fracture 
and their relation to functional outcome and patient satisfaction is poorly under-
stood. Consensus-based and validated complication terms are needed [28]. Reported 
complications include shoulder stiffness, nonunion, malunion, avascular necrosis of 
the humeral head and persistent pain. Also, the implant itself can be mal-positioned 
primarily, or subsequently as a result of fracture collapse and/or avascular necrosis 
of the humeral head.

In cases of failed non-surgical management, as well as in failed osteosynthesis 
(Fig.  10.4), a reverse total shoulder arthroplasty represents a salvage option. 
Observational studies thereof have reported good pain relief and reasonable func-
tion regardless of tuberosity status.

10.7  Outcome Assessment

Large registry-based studies have reported low revision rates (about 4%) after 
shoulder arthroplasty for fractures [29]. However, the patient-reported outcome has 
been less promising, suggesting a possible discrepancy between implant survival 
and patient satisfaction, as well as between the surgeons’ and the patients’ perspec-
tive on outcome [30].

Most clinical studies report patient outcomes using observer-administrated 
instruments like the Constant-Murley score [31]. These scoring systems are surgeon- 
derived and tend to emphasise ‘objective’ measures like the range of motion and 
strength. It is our impression that patients’ focus is more directed towards ADL 
(independent living) and social and emotional aspects of life (holding 
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grandchildren, having dinner with family and friends, caring for disabled relatives). 
By focusing on ‘objective’ matters and radiographic appearance of fracture healing 
healthcare providers may fail to support important preferences of the patients.

Development of patient-related shoulder specific outcome assessment instru-
ments (e.g. OSS, WOOS, ASES) and the use of generic quality of life measures (e.g. 
EQ-5D, SF-36) for patient evaluation have added to our knowledge of patient pref-
erences. However, the shared decision making on treatment modalities and func-
tional goals for the individual patient remains essential for healthcare providers.

10.8  Conclusions

There are many important aspects when treating an older patient with a proximal 
humeral fracture (Table 10.1).

Evidence-based management of proximal humeral fractures in the elderly should 
be based on high-quality clinical studies, as well as well-conducted systematic 

a b

Fig. 10.4 Proximal humeral fracture complications subsequent to osteosynthesis. (a) 
Complications in a displaced 3-part greater tuberosity fracture managed with a locking plate. The 
humeral head has collapsed due to avascular necrosis. The screws are locked in the plate and sub-
sequently penetrate the glenohumeral joint causing cartilage erosion and pain. (b) Complications 
in a displaced 2-part proximal humeral fracture fixated with a humeral locking nail. The fracture is 
mal-reduced and a locking screw is protruding into the glenohumeral joint
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reviews and meta-analyses. Long term follow-up data on benefits and harms should 
be provided by national and international registries. The implementation of 
evidence- based recommendations should be facilitated by national, regional and 
local guidelines and validated algorithms based on the best available evidence. 
Resource allocation for patient care and research should be guided by the best evi-
dence and the need for additional knowledge.

Patient preferences should be included at all levels of decision making from the 
design of research protocols to the development of patient-derived outcome mea-
sures. Not least, the treatment strategy for the individual older patient in the every-
day clinic should be decided with the patient and relatives, and based on patient 
preferences, comorbidity, functional level, age and bone quality.
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