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Abstract

Purpose The section for the skeletal trauma and sport’s injuries of the European Society for Trauma and Emergency Sur-

gery (ESTES) appointed a task force group to reach a consensus among European countries on proximal humeral fractures.

Material/Methods  The task force group organized several consensus meetings until a paper with final recommendations 

was confirmed during the ESTES Executive Board meeting in Berlin on 25 October 2018.

Conclusion The Recommendations compare conservative and four possible operative treatment options (ORIF, nailing, 

hemi- and total reverse arthroplasty) and enable the smallest common denominator for the surgical treatment among ESTES 

members.

Keywords Proximal humeral fractures · Treatment options · Recommendations

Abbreviations

AVM  Avascular necrosis

BMD  Bone mineral density

DEXA  Dual energy X-ray absorptiometry

HRMRI  High-resolution magnetic resonance 

imaging

ICF  International Classification of Functioning, 

Disability and Health

Micro-QCT  Micro-quantitative computed tomography

ORIF  Open reduction and internal fixation

PHN  Proximal humerus nail

ROM  Range of motion

RSA  Reverse shoulder arthroplasty

UBE  Upper body ergometer

WHO  World Health Organization

Introduction

Proximal humeral fractures are among the most common 

fractures in the elderly [1]. Along with the increasing life 

expectancy of the Western population, the incidence of these 

fractures is rising rapidly, with osteoporosis as an impor-

tant factor [2, 3]. Demographic research shows that proximal 

humeral fractures occur mostly in active persons aged 60 and 

older [4]. Around 90% of these patients live independently 
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at home and do their own shopping and household chores. 

Hence, a proximal humeral fracture can potentially affect 

this independence and deteriorate the quality of life of the 

elderly.

Proximal humeral fractures can be identified as one-, 

two-, three- or four-part fractures according to the Neer 

classification, with three- and four-part fractures contain-

ing displaced fragments [5]. Treatment of minimally dis-

placed or non-displaced fractures is mostly non-operative. 

For complex three- and four-part fractures, both operative 

and non-operative treatments are implemented in clinical 

practice [6–8]. Another, easier classification based on four 

main fragments was published by Hertel in 2004. Prognos-

tic factors such as length of the medial metaphyseal head 

extension and integrity of the medial hinge are also very 

important [9] (Fig. 1). 

Since the introduction of locking plates in the year 2000, 

operative treatment became a convenient option for elderly 

patients, as locking plates can also be used in osteoporo-

tic bone [11, 12]. New nail designs were also introduced 

which achieve better stabilisation of the proximal fragments. 

Another option is joint replacement. Both hemiarthro-

plasty and total arthroplasty are performed. In recent dec-

ades reversed-type prostheses got a prominent place in the 

treatment of proximal humerus fractures in the elderly, who 

are now treated operatively more than before the introduc-

tion of these techniques [8]. Operative treatment is nonethe-

less associated with a higher risk of complications related to 

the implant or the surgical procedure [13]. Current research 

has not been able to identify evident and reliable differences 

in outcome between operative and non-operative treatment 

[14, 15, 10]. This is supported by the latest Cochrane review 

[16].

Consensus is thus still lacking on the appropriate treat-

ment for this type of fracture in elderly patients. Studies 

focus mainly on range of motion and functional and radio-

logical outcomes [6, 10, 17], paying little attention to func-

tioning in daily life and social participation even though 

these outcomes are of the utmost importance to patients. 

According to the International Classification of Functioning, 

Disability and Health (ICF) of the World Health Organiza-

tion (WHO), assessment of health and disability includes 

the effect of trauma not only on the affected body function 

or structure but also the assessment of limitations in activ-

ity and restrictions in social participation [18]. Because of 

the lacking evidence, we cannot introduce recommendations 

as we did for hip fractures. In these recommendations, we 

will describe the different possibilities for treating proximal 

humerus fractures in the elderly, with all their advantages 

and disadvantages. We will also focus on the needs of this 

more frail group of patients. We will end by giving an over-

view about well-known necessary steps in the treatment of 

these fractures [19].
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Patient group and aims

These recommendations focus on elderly people with a 

minor trauma of the proximal humerus. Minor trauma can 

be a fall in or outside the house from standing height. The 

main treatment goal is to restore the level of activity. This 

depends mainly on the demands of the patient. The goal 

necessitates a multidisciplinary approach. A trauma (ortho-

paedic) surgeon, anaesthesiologist, geriatrician, rehabilita-

tion physician, general practitioner, emergency physician 

and physiotherapist can be part of the team. The coordinator Fig. 1  prognostic factors for avascular head necrosis [10]
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should be a trauma (orthopaedic) surgeon, who can monitor 

the whole process. This means that a care pathway for this 

patient group should be established.

Clinical work-up

The work-up should include:

Anamnesis with the suspected information about low-

energy trauma (fall from standing height onto the out-

stretched hand).

Information about previous injuries, surgeries, arthritis 

and osteoporosis is also needed. Pre-existing illnesses, aller-

gies, medication (cortisol, cytostatics), hypocoagulation, 

nephropathy, diabetes, infections, neoplasms, metabolic 

bone disease (MPD), thyroid disease, obesity, hypogonadism 

are important issues.

Not every elderly patient is able to answer these questions 

adequately. Family, nursing home staff and paramedics are 

instrumental in this respect. Be aware of legal responsibili-

ties and patient treatment limitations.

Thorough examination with inspection, palpation, pos-

sible demonstration of active moving of the upper extremity. 

Be aware of symptoms and signs such as painful restriction 

in range of motion, swelling, tenderness on palpation, hae-

matoma, relieving posture (shoulder adduction and elbow 

flexion), crepitation, and local conditions of the axilla.

Exclusion of neurological and circulatory deficits distal 

to and on the site of the injured extremity.

After thorough analysis of the injury, we should proceed 

to diagnostic imaging:

• X-ray: AP view, axial view, Y view
• optional CT-scan (planning, injury of articular surface, 

dislocations. subluxations)
• MRI only for special problems (plexus injury, rotator 

cuff, pathological fracture)

Orthogeriatric examination, comorbidities, further pre-

operative anaesthesiologic examination in case of operative 

indication: age, biological age, demands, social environ-

ment, mobility, propensity to fall, mental status, level of 

self-sufficiency, compliance, alcohol or drug abuse.

Di�erential diagnosis

Glenohumeral dislocation.

AC dislocation.

Diaphyseal humerus fracture.

Rotator cuff rupture.

Scapular fracture.

Classi�cations

Many classification systems are in use for proximal 

humerus fractures. They are all based on the basic prin-

ciple of Codman published in 1934. The head and schaft 

fragment with the lesser and grater tubercle are the essen-

tial parts. Dislocation of these parts are caused by tendons 

which are attached to these structures. The subscapular 

muscle is attached to the lesser tubercle, the infra- and 

supraspinatus muscle are attached to the greater tubercle 

and the pectoralis muscle to the shaft (Fig. 2).

Neer published in 1970 his classification which is 

until today widely used. Fracture dislocation was defined 

as more than 1 cm or 45 grade. It is based on the X-ray 

before introduction of the CT scan. Many other authors 

have modified the Neer classification (Fig. 3).

The AO foundation first published in 1987 a compre-

hensive classification of long bones. After the first pub-

lication, it is many times modified and updated (Fig. 4). 

This classification is based on three niveaus:

A extraarticular 2 part,

B extraarticular 3 part,

C intraarticular 4 part.

Hertel published in 2004 another very simple classifi-

cation. It is a binary (LEGO) description system combin-

ing the five basic fracture planes and results in 12 basic 

fracture patterns. Basic fracture planes lie between the 

greater tuberosity and the head, the greater tuberosity and 

the shaft, the lesser tuberosity and the head, the lesser 

tuberosity and the shaft and between the lesser and greater 

tuberosity (Fig. 5).

Fig. 2  Codman a Greater tubercle, b lesser tubercle, c head fragment, 
d shaft fragment [20]
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Fracture biomechanics resulting from bone 
fragility

Osteoporosis is a systemic skeletal disease with increased 

bone brittleness, which heightens the risk of fractures. 

Bone brittleness depends on bone density and quality [23]. 

Bone consists of organic collagen, which provides the 

bone with elasticity, and inorganic calcium hydroxyapatite, 

which gives the bone compressive strength. Both enable 

bones to resist external forces and prevent deformity and 

fractures. A fracture is seen as a failure of both substance 

and structure [24]. An osteoporotic fracture is a result of 

both trauma and illness [25]. Hence, osteoporosis is the 

most common metabolic skeletal disease, as it affects bone 

substance and structure.

Recent discoveries are changing the outlook on osteopo-

rosis diagnosis and treatment. DEXA-centric risk assess-

ment has failed. Low bone mineral density (BMD) is a poor 

fracture-predicting factor, with an accuracy of only 50%; the 

rest is attributable to bone quality, which is not yet routinely 

measured (Micro-QCT and HR-MRI are possible methods). 

Bone strength depends on its mineral components, which are 

brittle yet highly resistant to compressive forces, and col-

lagen, which gives elasticity. Only the mineral component 

can be measured with DEXA scanning. Both the mineral 

and the organic components are needed for the bone to resist 

external forces. Bone turnover, its microarchitecture and 

material properties (level of mineralisation, collagen dena-

turation, ability to quickly repair trabecular microfractures), 

all affect bone strength. The most important risk factors for 

an osteoporotic fracture are age, bone mineral density, low 

body mass index and prevalent fractures. Only low-impact 

forces, such as a fall from standing height, are needed for 

such a fracture [26]. Recurring falls from standing height 

are common among the geriatric population and are a part 

of frailty as a clinical syndrome. Frailty is also associated 

with sarcopenia, a loss of muscle volume and strength, both 

of which decrease with age. Limited mobility, recurring falls 

and earlier death are among its consequences.

The phenomenon of a fall with an osteoporotic fracture 

is explained by the Newitt model of bone frailty [27] as a 

Fig. 3  Neer [21]

Fig. 4  AO Trauma classification app 2018 [22]

Fig. 5  Hertel [9]
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quotient between applied force as the numerator and bone 

strength as the denominator. Bone strength is the sum of 

bone quantity, measured with DEXA as BMD, and bone 

quality, which cannot be measured with DEXA (including 

properties such as elastic structure of bone tissue, collagen, 

microarchitecture of bone trabecules in the spongiosis which 

mitigate external forces in the epiphysis, thickness of corti-

cal bone, and influence of bone shape and size at the impact 

location).

The dominant factor in a fracture is the patient falling. 

The coefficient of risk is the association between the external 

force acting on the bone and the force that actually causes 

the fracture (bone strength). We cannot differentiate the 

patients that are going to suffer a fracture in a population 

of patients of the same sex and with a low BMD. A frailty 

fracture is the result of both trauma (the numerator in the 

Newitt coefficient) and illness (the denominator).

The bone breaks when an external force causes it to 

deform. Studies on animal models and cadavers with a 

larger deformation (osteomalacia) and a smaller one (osteo-

petrosis) with the same BMD and microarchitecture of bone 

trabeculae do not give a definitive answer on risk fracture 

assessment. The term bone strength is more suitable and 

we obtain more information with histomorphometry, micro-

QCT and HR-MRI than with DEXA alone. We can influence 

the Newitt numerator with fall prevention: raising muscle 

mass and physical mobility, and removing obstacles in the 

patient’s environment, thus lowering the chances of falling. 

We can also influence the denominator: increasing BMD, 

physical activity, ensuring sufficient calcium and vitamin D 

intake, early detection of osteoporosis and long-term phar-

macotherapy aimed at BMD loss prevention at an advanced 

age [25].

The stress/strain curve is used in a biomechanical analy-

sis of increased bone brittleness along with the associations 

between bone size, shape and arrangement of mineral con-

tent in bone, and the properties of bone which are not seen 

with DEXA scanning. With these, we can try to explain 

osteoporotic fractures in elderly patients with a normal BMD 

on DEXA: intercortical porosity, increased bone remodel-

ling, bone geometry, loss of mobility (via physical perfor-

mance assessment) and osteosarcopenia. To that end, we 

need high-resolution radiographic methods such as a micro-

QCT or HR-MRI. With a micro-QCT, we can measure the 

significant loss of trabecular bone without loss of cortical 

bone such as it occurs in early post-menopause.

WHO future projections show that the incidence of 

osteoporotic fractures will double or even triple in the 

next 30–50 years. Current pharmacological treatment is 

effective with the potential to cut the incidence of hip frac-

tures and others by half. Due to the projected increase in 

fracture incidence, we need even more effective strate-

gies to deal with geriatric skeletal trauma as an epidemic. 

Pharmacological treatment, novel treatments aimed at 

molecular intracellular and intercellular pathways as well 

as strategies for preventing osteosarcopenia and maintain-

ing mobility and reducing falling in the elderly will be 

needed.

Conservative treatment

Prospective data on functional outcomes after conserva-

tive treatment are rare [28, 29, 30]. Court-Brown et al. [31] 

showed that in older patients, age, degree of dislocation and 

type of fracture are the main indicators of the functional 

outcome. Type of treatment (osteosynthesis vs conservative) 

did not have any influence on functional outcome. Gaebler 

[32] examined 507 non-dislocated or minimally dislocated 

fractures (< 1 cm < 45°) that were treated conservatively. 

In the follow-up, 1 year after the accident 87% of patients 

had good-to-excellent results. Patients under age 60 had a 

median Constant score of 80.7, those older than 60 a Con-

stant score of 71. A great portion of the patients with modest 

or poor results had severe comorbidities, which are partly 

responsible for the diminished shoulder function [33].

Classification issues

Proximal humeral fracture classifications may be helpful 

conceptually, but they have poor interobserver reliabil-

ity even when utilising 3-D rather than 2-D CT. This may 

contribute to the similarly poor interobserver reliability 

that was observed when selecting treatment for proximal 

humeral fractures. The lack of a reliable classification con-

founds efforts to compare the outcomes of treatment meth-

ods among different clinical trials and reports.

Indication and limitations of conservative treatment

In all age groups, there are fractures for which surgical treat-

ment has clear benefits. Surgery may be necessary or recom-

mended for:

• Dislocated fractures, in which the humeral head has dis-

located from the shoulder socket.
• Open fractures, in which the bone penetrates the skin.
• Injuries to surrounding blood vessels and nerves.

• Humeral head split fractures, in which a portion of the 

humeral head breaks and disrupts the cartilage of the 

joint.

• Displaced fractures in younger patients.

• Fractures involving the attachments of the rotator cuff.
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Reduction

Conservative therapy is often misunderstood as doing noth-

ing. Its influence in the sense of fragment manipulation is 

limited by the distal main fragment. Medial dislocations 

of the shaft > 50% primarily involve closed reduction per-

formed under anaesthesia. With less medialisation, a small 

roll is placed in the armpit (axilla). In varus dislocation, an 

abduction splint can be used. Gravity is an essential element 

of treatment and can be strengthened by additional hand 

weights.

A problem of conservative treatment is the fact that the 

position of the short proximal main fragment is difficult to 

influence. One possibility is to manipulate the distal main 

fragment in the direction of the proximal main fragment. 

In dislocation of the head fragment in varus position, one 

should attempt to optimise the position by an abduction 

orthosis. Problems are compliance and wear comfort.

Primary treatment and short description 
of the treatment periods

First, information of the patient about possible treatment 

options takes place.

Pain management: immobilisation of the shoulder with 

e.g. a Gilchrist bandage and pain medication.

The frequency of outpatient check-ups depends on pain, 

soft-tissue situation and comorbidities. The first radiological 

control should take place within one week to confirm the 

choice of treatment.

All pain-free and nearly painless exercises are allowed. 

The patient trains by himself.

After 3 weeks, the patient starts with pain-adapted pen-

dulum exercises and guided movements up to 90°, and the 

Gilchrist is replaced by a shoulder bag if needed.

Pain-adapted exercises are done by the patient and sup-

ported by physiotherapy.

Physiotherapy (under discussion)

ROM

• Cervical, elbow and wrist ROM

• Pendulum exercises

• Instruct in home program

Strengthening

• No cuff strengthening

• Begin and instruct in postural correction programme

• May begin scapular retraction and depression

• Grip strengthening

Sling

• Arm in sling at all times except when exercising and 

bathing; includes sling at night (sleeping in recliner chair 

optimal); discontinue sling after 2–4 weeks

Omit shoulder bag

Perform pain-adapted strengthening exercises (several times 

per day) supported by physiotherapy.

Outpatient physiotherapy (weeks 5–8)

ROM

• Begin self-assisted forward elevation to 90° and progress 

in 20° increments per week
• May use pulleys
• Begin self-assisted external rotation (ER) with progres-

sive return to full ER in 20° increments per week
• Internal rotation (IR) in scapular plane as tolerated (no 

IR behind back)
• No cross-body adduction
• Grade I–II scapulothoracic and glenohumeral mobilisa-

tions

Strength

• No cuff strengthening
• Continue scapular retraction and depression
• Lower extremity aerobic conditioning

Other

• Modalities to decrease pain and inflammation
• Cryotherapy as necessary

Outpatient physiotherapy phase (weeks 9–12)

ROM

• Progressive return to full forward elevation and external 

rotation

• May begin posterior capsular stretching programme

• May begin IR behind back

• Grade III–IV glenohumeral and scapulothoracic mobili-

sations

• Begin anterior chest wall stretches (pectoralis minor)
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Strength

• Instruct in home programme and begin submaximal iso-

metrics in flexion, abduction, IR, ER and extension

• Add progressive isotonics with low resistance, high rep-

etitions as tolerated

• Emphasise anterior deltoid strength and scapular stabili-

sation

• Emphasise upper trapezius, serratus anterior force couple 

rehabilitation to create stable scapular base

• Assess and correct compensatory movement patterns

• UBE with low resistance

• Continue aerobic conditioning

Outpatient physiotherapy (from week 12)

ROM

• Progressive return to full motion in all planes
• Emphasise posterior capsule stretching
• Keep up home flexibility programme

Strength

• Continue rotator cuff and scapular strengthening pro-

gramme
• Progressive increase in resistance as strength improves
• Continue UBE with progressive resistance as tolerated
• Maintenance of aerobic conditioning home programme

Recreation-/vocation-specific rehabilitation.

Plate osteosynthesis

The majority of proximal humerus fractures are not dis-

located, and even dislocated fractures were the domain of 

conservative treatment before the introduction of angle-

stable implants. As mentioned earlier, proximal humerus 

fractures are mainly the result of low-energy accidents 

such as a fall from standing height. Most patients are 

elderly, and osteoporosis is very common in this group. 

Standard implants like K-wires and plates did not pro-

vide enough stability in osteoporotic bone [34]. This often 

resulted in implant migration and secondary dislocation. 

After introduction of angle-stable implants the situation 

changed completely [35]. Angle-stable and anatomically 

pre-shaped plates have gained popularity [36, 37]. Their 

stability even in osteoporotic bone is excellent and sec-

ondary dislocation is the exception. Locking plates are 

generally mechanically superior to non-locking ones [38]. 

Much research has been conducted to choose the optimal 

size of the plate and number of screws. More screws, at 

least 5, in the proximal fragment and the placement of 

an inferior medial support screw increase stability [39]. 

Another option to enhance stability is cement augmenta-

tion of the screws [40]. Medial support insertion, in the 

form of both screws and cement augmentation, generally 

improve mechanical stability [38]

The operation has to be performed in a supine or beach 

chair position on a radiolucent table. An image intensifier is 

necessary. There are two possible approaches: the deltopec-

toral approach and the less invasive deltoid split. There are 

no differences in clinical and radiological outcome between 

the two approaches, but the operation time is significantly 

shorter in the less invasive deltoid split approach [41–43]. It 

is important to achieve an anatomic reduction of the tuber-

cula, therefore they have to be fixed by additional sutures. 

The combination of an angle-stable plate with additional 

sutures results in a high primary stability of the construct. 

Secondary dislocation is the exception. Even dislocated 

three- and four-fragment fractures in osteoporotic bone 

can be stabilised this way [38]. Augmentation of proximal 

head screws does not increase stiffness and failure loads but 

reduces motion at the bone-implant interface. The risk of 

secondary dislocation may be further reduced [41].

In 2009, Südkamp et al. published a study with initial 

results of 153 patients after a 1-year follow-up. The Constant 

score was 70.6 and the DASH score 15.2; 62 complications 

were seen in 52 patients (34%), and 21 patients (14%) had an 

unrecognised intraoperative screw perforation. To avoid this 

complication, a radiolucent operation table with an image 

intensifier is necessary. An option to avoid this complication 

is the use of polyaxial screws but the benefits remain unclear 

[38]. Another problem is subacromial impingement caused 

by a cranial position of the plate. A different plate design 

could solve this problem, but there is no certainty. Implant 

failure and postoperative cut-out is seen very rarely. Because 

of poor bone quality due to osteoporosis, distal bicortical 

fixation of the plate is necessary.

In a systematic review, in 12 studies, 282 patients aged 

18 or older were identified with a Type C (AO classifica-

tion) proximal humerus fracture. The Constant score was 

53–75, revision surgery 6–44%, screw perforation 5–20% 

and subacromial impingement 7–11% [37]. Another system-

atic review with 514 patients out of 12 studies reported a 

Constant score of 74 and a DASH score of 27. The compli-

cation rate was 49% and without calling malunion a com-

plication, it was still 33%. These studies included patients 

aged 18 and older and did not focus on elderly patients. A 

randomised controlled trial comparing 26 conservatively 

treated patients with 27 patients with open reduction and 

internal angle-stable plate fixation showed an advantage in 

functional outcome and quality of live for the locking plate 

but no significant difference between the two groups after a 

2-year follow-up. The mean age was 74 years [44]:
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Conservative Plate 
osteosyn-
thesis

p

Constant score 58.4 61 0.64

DASH score 35 26.4 0.19

EQ-5D 0.59 0.70 0.26

Another prospective randomised trial with patients aged 

60 and older and a B2 or C2 fracture according to the AO 

classification compared 23 plate osteosyntheses with con-

servative treatment. The 2-year follow-up showed no sig-

nificant differences in the Constant score and the EQ-5D, 

but the EQ-5D favoured the operated group [45]. In both 

studies, every third patient out of the surgical group needed 

a reoperation.

In 2015, the results of the POFHER randomized clinical 

trial were published. It included 250 patients with a dislo-

cated fracture involving the surgical neck. Mean age was 66 

with a 24–92 range and a 2-year follow-up. This trial did not 

focus on the elderly. There were no significant differences in 

the Oxford Shoulder Score and the SF-12 score or complica-

tions requiring secondary surgery.

Summary

Stable fixation of three- and four-part fractures can be 

achieved with an angle-stable plate even in osteoporotic 

bone. It is the main reason why this implant is used fre-

quently in the treatment of proximal humerus fractures. 

The complication rate remains high and so far no advan-

tage when comparing plate osteosynthesis with conserva-

tive treatment has been proven for the elderly, but powerful 

prospective research focusing on the elderly is still missing.

Intramedullary locking nail

The first commercially available proximal humeral locking 

nail was the Polarus nail. The Constant Murley score (CM) 

was 88.4 points for 3-part and 67 points for 4-part fractures 

[46]. In a series of 20 patients, Agel et al. reported screw 

loosening in 15% of cases [47]. Functional results are sat-

isfactory to excellent in 73.3–84% of cases in most papers 

[48–51]. Complication rates are rather high, with screw 

migration in 3–16% of cases and overall complications vary-

ing from 6 to as far as 70%. Bernard et al. and Nolan et al. 

reported 45 and 39% re-interventions, respectively [52, 53].

The T2® proximal humeral nail has a slightly bended 

design with four angular-stable locking screws proximally; 

two locking screws are used distally. Good healing results 

have been described; secondary dislocation with protruding 

nail are the primary complications [54, 55]. The introduction 

site through the head fragment is recommended by von 

Ruden et al., because in this way, the head fragment is fixed 

on the nail, preventing secondary dislocation; this is also 

described by Stedtfeld et al. for the straight Targon nail [55, 

56].

Popescou et  al. reported good healing results in 21 

patients. Mean CM was 65.7 points. Sosef et al. reported 

on a series of 33 elderly patients. Functional results were 

satisfactory to excellent according to the CM score, with a 

mean of 62 and the 4-part fractures scoring the lowest. Von 

Ruden et al. found a CM score of 72, and the elderly had 

significantly lower CM scores [55]

Several series on the Targon nail have been published 

[57–60]. Mittelmeier et al. reported good healing and func-

tional results with a mean CM score of 78 points. Most 

important complications were 9 AVN, 3 infections and 26 

screw dislocations. Gradl et al. also found mainly AVN and 

secondary screw dislocation as complications, reporting a 

mean CM of 79 points after one year. Matthews had compa-

rable results [57–59].

The PHN by Synthes is a short nail with a twisted blade 

fixating the humeral head. Blum et al. reported good results 

with a CM score of 75.3. Most important complications were 

perforation of the head fragment and implant-related pain. 

Due to the design of the implant, multifragment fractures 

cannot be stabilized with it [60]. In another study on 22, 

2-part proximal humeral fractures, Zhu et al. mentioned a 

CM of 85.4 and no implant-related complications [61].

The Multiloc nail has several locking options in the 

humeral head. An extra feature is the screws in screw-lock-

ing bolts. One publication with preliminary results reported 

a CM score of 66.1 [62]. Hao and Wee published a series of 

22 patients that had good functional results, with a CM of 

75.5 and a correlation between CM and fracture type [63].

The Telegraph nail is a straight nail. There are only a few 

publications on it [64–66]. Cuny et al. reported on a total of 

67 patients. Functional results were satisfactory, with a CM 

score of 62 points and 60 points for individuals older than 

70. Complication rates were high, with implant removal in 

31% of cases [64]. Boughebri reported a CM score of 62 

points [66]. Other nail types have been reported with com-

parable results [67–69].

Biomechanics

After the introduction of proximal humeral nails, several 

studies on the biomechanics of these implants have been 

published. Biomechanical studies mostly compared the nails 

with plate osteosynthesis. Different measuring methods 

and units have been used to quantify stiffness and stability. 

Most models were two-part fractures with a cortical defect 

to mimic an unstable fracture pattern. In some studies, a 

three-part model is used.
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Hessmann compared the classical T-plate with the experi-

mental Philos plate and the Proximal Humeral Nail by Syn-

thes. In axial stability, the PHN was more stable than the 

other implants, but not in torsion. Also in case of destructive 

loading, the nail was stiffer than the plates [70].

Fuchtmeier et al. compared the Sirius nail with the PHN 

(Synthes) and the plate. The nail constructs were signifi-

cantly stiffer than the plate [71, 72]. Kitson et al. compared 

a proximal humeral nail with a proximal humeral plate. 

Both in bending and in torsion, the nail was stiffer than the 

plate. Only in varus bending were there no significant dif-

ferences [73]. Rothstock et al. compared two straight nail-

ing systems, the Multiloc and the Targon PH. Though the 

multilock with screw in screw fixation and a calcar screw 

appeared to be more stable, there were no significant differ-

ences in bending or in torsion stiffness. Yoon et al. compared 

locking plates and conventional plates with intramedullary 

nails with and without angular-stable locking screws. All 

the nail constructs were significantly stiffer than the plate 

constructs [74]. Clavert et al. came to the same conclusion 

[75]. Furoria et al. found no difference in bending stiffness, 

but locking plates did have a higher torsional stiffness [76]. 

Only one publication concluded that plates were more stable 

than nails in bending and torsion [77].

From these biomechanical studies, one may conclude 

that intramedullary implants in the treatment of proximal 

humeral fractures create more stability than plates. Recently 

developed locking plates are more stable than older conven-

tional plates. This may be of interest in case of osteoporotic 

bone.

Evidence

No prospective randomised studies comparing nails and 

plates have been published. Most evidence is based on 

meta-analyses or retrospective comparative studies. It can 

generally be concluded that there is no evidence for the supe-

riority of either technique. Functional results appear to be 

determined by fracture complexity and patient age.

Lange et al. compared a prospective series of IM nail-

ing with a retrospective group of non-operatively treated 

patients in a matched pair analysis, and could not find any 

statistically significant differences in function between the 

two groups. Non-operative treatment did lead to fewer com-

plications [78]. Von Ruden et al. did not find significant dif-

ferences in function between nail and plate after 3 years, and 

concluded that an intramedullary implant has biomechanical 

advantages and leads to less soft-tissue damage [55]. Gradl 

et al. could not find any significant differences between 

plates or nails either [79].

Boudard et al. compared plating and nailing in four-part 

fractures in a prospective cohort study. They found no sig-

nificant differences between the two techniques, except for 

screw migration in the nail. In the group treated with nail-

ing, however, three different nails had been used [80]. In a 

prospective comparative cohort study of three-part proximal 

humeral fractures, Konrad et al. compared the plate and the 

PHN. There were no significant differences between the two 

techniques in terms of function and healing. The patients in 

the nailing group did have significantly less pain [81].

In a retrospective study, Lekic et al. compared the T2 

proximal humeral nail with the locking plate and could not 

find significant differences between the two groups on func-

tion and complications [82]. In a randomised trial, Lopiz 

et al. compared the straight Multiloc nail with the bended 

Polarus nail. The Polarus nail had significantly more symp-

toms related with rotator cuff disease. Reoperation rate was 

42% for the Polarus and 11.5% for the Multiloc. Healing 

results were comparable [83]. In a meta-analysis of 615 

patients comparing nails with plates, Wang et al. could not 

find evidence for either technique. Functional results and 

complications were comparable for both implants [84].

Summary

Based on the current literature, there is no evidence for 

either treatment of proximal humeral fractures. In general, 

the nail is a proper implant for the treatment of different 

types of proximal humeral fractures. It has some advantages 

because of its minimally invasive technique: less soft-tissue 

damage and shorter operation time. Several tests show the 

biomechanical superiority of the intramedullary nail. This 

can be advantageous for elderly osteoporotic patients. Func-

tional results seem to be determined mainly by fracture type 

and patient age. Based on the literature, one could recom-

mend the use of a proximal humeral nail to treat proximal 

humeral fractures.

Prosthesis inclusive reversed type

The outcome of proximal humerus fractures depends on the 

shape, stability and vascularity of the proximal humerus 

[27]. The possibilities to influence the shape of displaced 

proximal humerus fractures conservatively are limited, 

therefore, in many cases, the outcome is compromised by 

the impaired shape. In terms of construction, surgical treat-

ment tries to restore and preserve the shape as well as possi-

ble. Unfortunately, we still fail frequently, requiring revision 

surgery in up to 13% of cases [85].

Current problems/challenges in the treatment of proximal 

humerus fractures are:

• Poor bone quality
• Displaced, multifragmentary fractures of the tuberosities
• 4-part fracture dislocations
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• 4-part fractures with a displaced, very thin humeral head 

segment

• Varus displaced fractures

• Head split fractures

• Fractures with high risk of ischemia according to Hertel’s 

criteria

These fractures do not do well after non-operative treat-

ment. They also have a high likelihood to fail after open 

reconstruction and internal fixation. Under those conditions, 

a shoulder replacement might be indicated.

Hemiarthroplasty

For decades, a stemmed shoulder hemiarthroplasty has been 

a treatment option for severely comminuted and displaced 

fractures of the proximal humerus. Although the clinical 

outcome was supposed to be superior compared to non-

operative treatment or open reduction and internal fixation, 

recent evidence is still lacking that demonstrates the superi-

ority of hemiarthroplasty. Three prospective randomised tri-

als have been published so far, comparing hemiarthroplasty 

to non-operative treatment [86–88]. They all demonstrate at 

least comparable outcomes after non-operative treatment. 

The outcome of hemiarthroplasty depends strongly on the 

proper indication, correct implantation of the prosthesis and 

the anatomic ingrowth of the tuberosities [89–91]. If the 

osteosynthesis of the tuberosities fails, a poor outcome can 

be expected due to an insufficiency of the rotator cuff and 

an ensuing joint instability. Besides that, the main compli-

cations reported include aseptic loosening, dislocation and 

infection.

In a meta-analysis reviewing the outcome of shoulder 

hemiarthroplasty after acute proximal humerus fractures 

Nijs states frustrating results [92]. Tuberosity healing influ-

enced the functional outcome in all studies and showed a 

negative correlation between increasing age and functional 

outcome. Kontakis conducted a systematic review including 

16 studies with 810 hemiarthroplasties for acute proximal 

humerus fractures [93]. The mean Constant score was 56 

(11–98), and high complication rates were reported. Tuber-

osity-related complications were observed in 11% of cases 

and a proximal migration of the humeral head was subse-

quently seen in 6.8% of cases.

Borowsky highlights that the suture repair of the tuberosi-

ties results in mechanical weaknesses and that the failure is 

related to a mechanical phenomenon [94]. Movements of at 

least 1 cm were observed in almost every mechanical testing 

after 8000 cycles. All sutures became loose, dug into the 

tendons and cut through the bone. Collapse of the cancellous 

bony volume was identified as the reason for looseness and 

migration of the sutures. Lambert also stresses the impor-

tance of vascularity [95]. The integrity of the periosteum is 

a crucial factor for keeping the tuberosities alive, therefore, 

periosteal preservation during fixation of the tuberosities is 

mandatory.

Factors that challenge the fixation and healing of the 

tuberosities after hemiarthroplasty for proximal humerus 

fractures involve:

• multifragmentary tuberosities

• avulsion-type tuberosity fractures, like those seen in frac-

ture dislocations

• poor bone quality

Reverse shoulder arthroplasty

In recent years, reverse shoulder arthroplasty has gained 

popularity in the treatment of proximal humerus fractures, 

especially in the elderly population. The main reason for 

this phenomenon is that the outcome seems to be much 

more predictable, compared to hemiarthroplasty, because 

it does not depend on the ingrowth of the tuberosities to 

such an extent. The overall revision surgery rate drops to 

5% compared to 12.7% after ORIF [85]. Cuff reports on the 

outcome of a prospective cohort study including 53 patients 

with proximal humerus fractures treated with either hemi-

arthroplasty or reverse shoulder arthroplasty [96]. Func-

tional outcome and patient-reported satisfaction scores 

were lower after hemiarthroplasty [97–104]. Radiographic 

healing of the tuberosities occurred in 61% of the patients 

in the hemiarthroplasty group compared with 83% of the 

patients in the RSA group. Forward elevation of the arm 

was higher in the RSA group (139°) than in the HA group 

(100°) (p = 0.0002). There were no significant differences 

for internal and external rotation. The functional outcome 

in the presence of non-healed tuberosities was much better 

for reverse shoulder arthroplasty. Complication rates in both 

groups were similar. Sebastiá-Forcada confirms these results 

in a prospective randomised study comparing reverse shoul-

der arthroplasty with hemiarthroplasty for acute proximal 

humerus fractures that enrolled 62 patients older than 70 

[105]. Reverse shoulder arthroplasty resulted in significantly 

better pain and function rates and a lower revision rate. The 

mean Constant score after hemiarthroplasty was 40 (8–74), 

compared to 56 (24–80) after reverse shoulder arthroplasty. 

For reverse shoulder arthroplasty, the functional outcome 

did not depend on the healing of the tuberosities. There were 

no significant differences between failure and healing sub-

groups on mean Constant score. In contrast, patients with 

failure of the tuberosities after hemiarthroplasty had signifi-

cantly worse functional outcomes.

It seems important to mention that the Kaplan–Meier 

arthroplasty survival curves with revision or clinical failure 

as end point demonstrate 71% survival 40 months after sur-

gery after reverse shoulder arthroplasty and only 43.3% after 
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hemiarthroplasty. The New Zealand Joint Registry demon-

strates almost comparable Oxford Scores after six months 

for both hemiarthroplasty and reverse shoulder arthroplasty 

[106]. After 5 years, the Oxford Scores were significantly 

better following reverse shoulder arthroplasty (41.5 vs 32.3). 

A Nordic registry-based study on 6756 cases demonstrates 

rare revisions after shoulder arthroplasty for fractures [107]. 

The cumulative survival rate was 0.96 for both hemiar-

throplasty and reverse shoulder arthroplasty after 5 years. 

Reverse shoulder arthroplasty had a significantly higher and 

clinically relevant risk of revision because of infection.

These results were encouraging. Especially, elderly 

patients requiring a surgical approach for proximal humerus 

fractures appreciate a procedure with high predictability in 

terms of pain relief and restoration of function necessary 

for daily activities, which can be offered by reverse shoulder 

arthroplasty. It is the only treatment option that seems not to 

rely on the healing of the tuberosities.

Since the outcome after reverse shoulder arthroplasty 

is still good in many cases even when the tuberosities are 

not healed, it is a matter of debate whether the tuberosi-

ties should be fixed after this procedure at all. Fixation of 

the tuberosities seems to result in a better functional out-

come, especially in terms of rotation and a lower dislocation 

rate. But it requires a more prolonged rehabilitation using a 

shoulder abduction pillow for several weeks, compared to 

a quicker rehabilitation if the tuberosities were not fixed. 

That might be important, as elderly patients frequently use 

a walker, which cannot be used with a shoulder abduction 

pillow. In addition, they would be more dependent on others’ 

help, losing their self-reliance for several weeks.

Another open question is the type of reverse shoulder 

arthroplasty. In contrast to the classic Grammont design, 

recent prostheses offer an inclination of 145° or even 135°, 

which lowers the amount of humeral distalisation. This 

might be beneficial. The lateralisation yields better function 

of the rotators if the tuberosities are fixed. In addition, the 

notching is lowered, which seems to be advantageous for the 

deltoid muscle, as it should not be overtensioned in the long 

term. Fatigue of the deltoid muscle remains still remains a 

problem after several years.

Platform systems

Recent fracture prostheses include what are known as plat-

form systems. These types of prostheses allow conversion of 

a failed anatomic hemiarthroplasty into a reverse shoulder 

arthroplasty without removal of the stem. The stem serves 

as a platform for both the anatomic prosthetic head and the 

reverse metaphysis. This type of prosthesis seems to be 

promising, since stem removal-related complications can 

be avoided if a conversion is intended. Whether this kind 

of prosthesis will be accepted is not clear at the moment. If 

the tuberosities do not heal because of the above-mentioned 

reasons, the failure will become symptomatic within the first 

postoperative year. If the conversion into a reverse shoulder 

arthroplasty becomes necessary within this short period of 

time, the patient will ask why the reverse shoulder arthro-

plasty was not performed right away, independently of his 

age but especially if he is older than 75. Additionally, con-

verting into a reverse shoulder arthroplasty with retention of 

the humeral component can lengthen the arm significantly, 

up to 4.7 cm (mean 2.6 cm) [108]. That puts the neurological 

structures and the deltoid muscle at risk over time. Malpo-

sitioned stems, which are implanted too high in a valgus 

position or a malrotation, require a stem removal regardless 

of their design.

Summary

Evidence-based recommendations are still lacking. In 

selected patients, shoulder replacement is a reliable treat-

ment option for proximal humerus fractures. The use of 

hemiarthroplasty is still appropriate if fixation and healing 

of the tuberosities seem achievable. Unfortunately, this is 

in the majority of the fractures not the case. Patients’ age, 

gender, presence of comminuted tuberosities, avulsion-type 

fractures and poor bone quality are risk factors for failure. 

There is a strong trend towards reverse shoulder arthroplasty, 

especially in patients older than 75. Reverse shoulder arthro-

plasty can provide good clinical outcome with a low number 

of revisions.

Considerations

As mentioned before, evidence and consensus about the 

treatment of proximal humerus fractures is still missing. In 

these recommendations, we give an overview about possible 

treatment strategies with their advantages, disadvantages and 

the state of the current literature. Further research about this 

very important injury is absolute necessary (Fig. 6).
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