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	 Background:	 Early failure of osteosyntheses is common even with use of locking plates. In patients with comminuted frac-
tures and epiphyseal osseous defects, we performed a series of osteosyntheses by locking plate in combina-
tion with an allograft bone augmentation. Because of encouraging short-term results in the literature, we as-
sumed that the method could be a potential alternative to a reverse shoulder prosthesis.

	 Material/Methods:	 Twenty-six patients with a dislocated proximal humeral fracture (Neer IV/V/VI) were studied. A lyophilized allo-
geneic bone graft was used to reinforce the humeral head fragments before locking plate osteosynthesis. The 
outcomes of fractures were assessed with Disabilities of the Arm, Shoulder and Hand (DASH) and Constant-
Murley (Constant) scores, range of motion, a visual analog scale, and with radiological testing. The Constant-
Murley scores were the endpoint of our study.

	 Results:	 The Neer classification of the fractures was type IV in 4 patients, type V in 20 patients, and type VI in 2 pa-
tients. The mean DASH score was 52.85 (range, 4.17-79.3) and the mean Constant score was 39.26 (range, 
17-88). We observed late necrosis of the humeral head in 15 of 24 patients (62.5%), although early radiologi-
cal follow-up showed that the humeral head had been anatomically reconstructed.

	 Conclusions:	 Long-term follow-up demonstrated inferior functional results, as displayed by poor Constant scores. There was 
a high incidence of necrosis, in spite of initial anatomical reconstruction. Biointegration of the allogeneic bone 
graft and revascularization of the humeral head fragments could be impaired in geriatric patients who have 
gross dislocation. Therefore, augmentation of the humeral head with allogeneic bone grafts cannot be recom-
mended in these patients.
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Background

Up to 86% of patients who experience a proximal humeral frac-
ture (PHF) are older than age 60 years [1]. Eighty-seven per-
cent of PHFs are low-energy injuries that occur as a result of a 
fall from standing height [1] and the proximal humerus is the 
third most common site of fracture after the proximal femur 
and distal radius [2]. The level of dislocation and rate of occur-
rence rise exponentially with age and concomitant osteopo-
rosis [1,2]. Furthermore, because additional comorbidities are 
common in older patients, the ultimate goals for them are ear-
ly mobilization and fast rehabilitation back into home care [3].

In geriatric patients, osteosynthesis also is linked with a high 
complication rate [4], whereas nailing is not always an op-
tion [5]. Furthermore, internal fixation with a locking plate is 
associated with a complication rate of 30% and a 20% risk of 
revision [6]. One should always bear in mind that, for PHFs, 
conservative treatment has been proven to provide equiva-
lent results, especially in elderly patients [7-11]. In addition 
to age, factors such as fracture type (4-part fractures), diabe-
tes mellitus, smoking, female sex, and osteoporosis have been 
found, in other studies, to predict humeral head necrosis and 
malunion/non-union [12].

The current recommendations for severe dislocated PHF with 
3 to 4 fragments are treatment primarily with implantation of 
an endoprosthesis or a reverse prosthesis, particularly in elder-
ly patients [6]. In those cases, both anatomical prostheses and 
complete reverse prostheses can be utilized [13]. Guery et al [14] 
postulated a 10-year survival rate of 91% for total reverse 
shoulder prostheses. Early loosening of the prostheses tend-
ed to happen approximately 3 years postoperatively, where-
as late-onset functional deterioration started approximately 3 
years later. Guery recommended reverse prostheses for elder-
ly patients. Favard et al [10] described a 10-year revision-free 
period in 89% of patients after a reverse prosthesis. Of his pa-
tients, 72% had a Constant-Murley (Constant) score >30% af-
ter 10 years. Radiographic changes and scapular notching were 
observed after 5 years, on average. Favard also concluded that 
reverse prostheses are best suited for geriatric patients.

Erdel et al [15] recently presented a broad review of the liter-
ature as well as his own patients, with a comparison of open 
reduction and plate fixation (ORPF), anatomic arthroplasty 
(AA), and reverse total arthroplasty (RTA). He included a sur-
gical algorithm with which the decision among ORPF, AA, and 
RTA would be made according to age, severity of injury to the 
tubercula, and perspective regarding whether the head itself 
could be salvaged. Patient age, fracture complexity, and bone 
quality all play a role in the choice of surgery. Since 2014, 
guidelines from the German Society for Trauma and Orthopedic 
Surgery have recommended a primary endoprosthesis as the 

treatment of choice for complex fractures in patients with os-
teoporosis [16].

In the past years 2, reports have been published about a nov-
el joint-preserving method [17,18]. This technique involves a 
locking plate fixation in combination with a lyophilized femo-
ral head allograft for further stabilization. The favorable short-
term results with this approach may encourage other orthope-
dic surgeons to use this technique for comminuted PHF. The 
goal of the present study is to inform the scientific communi-
ty about the long-term outcome with it.

Material and Methods

Study Design

The present study was an observational report on a series of 
consecutive patients. Our assessments of outcomes after the 
novel procedure were retrospective and made without a con-
trol group.

Patient Recruitment

The patients in the present study had undergone surgery in 
our department for treatment of a comminuted proximal fem-
oral fracture with the aforementioned technique between 
2010 and 2016. We stopped performing the procedure after 
2016 for 2 reasons. First, new guidelines issued in 2014 high-
ly recommended a shoulder prosthesis in such cases. Second, 
long-term results with the previous surgeries needed to be 
evaluated. Therefore, use of the technique was reserved for 
comminuted fractures with a Neer classification of IV or high-
er, for which a substantial osseous defect was to be expected.

All of the surgeries represented in the present study were 
performed during the acute period, with a mean interval be-
tween trauma and the procedure of 5.2 days (range, 0-21). 
Patients who had experienced a minor trauma with a 2-part 
fracture or who had minimal dislocation were offered other 
surgical or conservative treatment. Likewise, children, young 
adults with healthy skeletons, and patients in whom surgery 
was contraindicated were not considered for the procedure. 
In 3 cases, a previous procedure had failed; in 2 of those cas-
es, an intramedullary nail was initially placed. On postopera-
tive days (PODs) 8 and 18, respectively, the nail broke. In both 
cases, there was late femoral head necrosis. In the third case, 
a plate fixation initially was performed but failed on POD 12. 
That patient had good bone healing. Gross preexisting arthri-
tis also was an exclusion criterion.

All patients were operated on by the senior author. Data acqui-
sition was performed by reviewing patient records, assessing 
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previous X-rays, and performing interviews with standard-
ized questionnaires and physical examinations. The present 
study was approved by the Institutional Review Board of the 
University of Erlangen, Germany. (Nr. 460_20 B).

Surgical Technique

The procedure was performed in the “beach chair” position 
with free access to the shoulder [19]. The C-arm fluoroscope 
was positioned after the patient had been draped. Access was 
gained through a deltopectoral approach in a plane between 
the 2 muscles, with care taken to spare the cephalic vein and 
the axillary and musculocutaneous nerves. The subacromial 
bursa was excised and the humeral head was exposed with a 
Langenbeck retractor. The major tubercle was sutured in the 
area of the insertion of the infraspinatus and supraspinatus 
muscles. The fragments of the humeral head were set in the 
former anatomic position. The central bone defect was esti-
mated and the surgeon then chose an allograft (frozen lyoph-
ilized femoral head, German Institute for Cellular and Tissue 
Replacement, DIZG gGmbH, Berlin, Germany). Using an os-
cillating saw or Luer pliers, the allograft was shaped to fit in 
the bony defect. The shaft of the allograft was used to mor-
tise into the femoral shaft and the convex (mushroom-like) 
component was used to fill the defect in the humeral head. 
The major and minor tubercle were closed over the graft and 
a proximal humerus interlocking plate (PHILOS plate, DePuy 
Synthes, Raynham, United States) was used for osteosynthe-
sis. The position of the graft and the plate fixation were main-
tained under fluoroscopic guidance. Physical therapy was initi-
ated on POD 2. Weight bearing began 6 weeks postoperatively.

Radiographical Evaluation

X-rays and computed tomography (CT) scans were evaluated 
by a radiologist and the orthopedic surgeon who performed 
the surgery. The initial preoperative radiographic images were 
assessed according to the Neer classification [20]. Early post-
operative radiographic images (1-6 m) were evaluated for re-
duction, implant position, and implant loosening as well as al-
lograft position. A head-shaft angle <120 degrees was defined 
as “varus malreduction” [21]. The relationship between the var-
us malreduction and the Disabilities of the Arm, Shoulder and 
Hand (DASH) or Constant scores was evaluated and statisti-
cally assessed. Late radiographic follow-up images (6.5-81 m) 
were evaluated for complications including bone healing, sec-
ondary implant dislocation or loosening arthritis of the hu-
meral head, necrosis of the humeral head, and integrity and 
position of the hardware. In addition, a possible relationship 
between Neer classification and humeral head necrosis was 
statistically evaluated. No additional radiographs or CT scans 
had to be performed for the present study.

Patient Interview and Physical Examination

All patients were contacted via mail or by telephone. Those who 
agreed to participate in the present study were sent a stan-
dardized form that included the quick DASH (qDASH) question-
naire and questions about average daily pain level, presented in 
terms of a visual analog scale (VAS) score. The questionnaires 
and evaluation scores were in German and have been validat-
ed for use with German patients. During the interviews, the 
questionnaire was reviewed and additional information was 
obtained about patient postoperative history, possible revision 
surgery, and adherence to physical therapy. The patients also 
underwent a physical examination to complete the criteria for 
the Constant score [22]. The above-mentioned interviews and 
physical examination were performed only once.

Statistical Analysis

Descriptive statistical analysis was performed with Prism 8 
statistical software (GraphPad, San Diego, California, United 
States). The results are presented as means with ranges and 
standard deviations (±). Linear regression was calculated by 
means of a Spearman non-parametric correlation because the 
sample was small; no normal distribution of score values was 
possible. Otherwise, a chi-square test was used, as described 
in the results section.

Correlation analysis was performed between the malreduction 
angle and the DASH and Constant scores. Further correlation 
analysis was performed between the Constant scores and the 
Neer classifications. A chi-square analysis was performed to 
evaluate the significance of the Neer classification for humer-
al head necrosis; however, because of the small sample, the 
statistical power of this analysis was limited.

Results

Study Population and Injury Characteristics

Twenty-six patients were identified who had undergone the 
aforementioned procedure. Their average age was 69.8 years 
(range, 46-92±12.38). Ten patients (38%) were younger than 
age 65 years and 16 (62%) were older than age 65 years. We 
were able to interview 19 of the 26 patients (73%). No con-
tact could be established with 2 of the patients and 3 had al-
ready died, 1 of whom had experienced cardiopulmonary fail-
ure 7 days after surgery. Two other patients declined to be 
interviewed because of very bad general health. In 66% of pa-
tients, their dominant side was affected. Two of 20 patients 
with Neer V fractures and 1 of 2 with Neer VI fractures had a 
head-split injury. The study population and injury characteris-
tics are summarized in Table 1.

e928982-3
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Polykandriotis E. et al: 
Outcomes with bone allograft and locking plate for severe proximal humeral fractures
© Med Sci Monit, 2021; 27: e928982

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Perioperative Considerations

In 23 of the patients, surgery was performed as a primary pro-
cedure. In 3 cases, it was a revision after failure of a previous 
procedure. In 2 cases, intramedullary nailing initially was per-
formed; the nail broke on PODs 8 and 18, respectively. In both 
cases, there was late femoral head necrosis. In the third case, 
a plate fixation initially was performed but failed on POD 12. 
That patient had good bone healing.

The mean time between injury and surgery was 5.42 days 
(range, 0-21±5.03). There were no intraoperative injuries to the 
axillary nerve nor any major blood loss requiring transfusion. 
Following surgery, 1 patient had a slight motoric deficit of the 
deltoid muscle with no loss of sensitivity. In 2 cases, because 
of an early plate cut, the plate fixation had to be performed 
anew and reinforced with cerclages. The allograft was left in 
situ. The results are summarized in Table 2.

Follow-up

All patients underwent surgery between 2010 and 2016. The 
mean interval between surgery and late follow-up was 27.95 
months (range, 6.5-81±19.11). A correlation between follow-up 
time and Constant score was excluded by means of simple lin-
ear regression (R2=0.037, F=0.6546, P=0.429). Therefore, there 
was no bias associated with the follow-up interval.

Patient Satisfaction and VAS

Asked whether they considered their surgery “very satisfacto-
ry,” “moderately satisfactory,” or “unsatisfactory,” 10 patients 
(52.6%) chose “very satisfactory,” 4 (21.1%) chose “moderate-
ly satisfactory,” and 5 patients (26.3%) chose “unsatisfactory” 
because of limitations in range of motion (ROM) and loading 
pain. In terms of VAS score for everyday activities, the mean 
score provided by patients was 2.73 (range, 0-6±2.02). Need 
for analgesics was indicated as “regularly” by 4 patients, “as 
required” by 4 patients, and “none required” by 11 patients.

DASH Score, Constant Score, and Range of Motion

The mean DASH score was 52.85±21.4. The mean Constant score 
was 39.26±17.99. ROM for flexion was 68.50 degrees ±30 and 
abduction was 67.50 degrees ±26.73. A summary of the above 
results is shown in Table 3 and Figure 1. The population was 
divided into younger and older age groups (<65 years vs >65 
years). There was no significant difference between the groups 
in terms of DASH (unpaired t test, P=0.450) or Constant scores 
(unpaired t test, P=0.916). The results are summarized in Table 3.

Gender
	 Male
	 Female

n=6	 (23%)
n=20	 (77%)

Age upon surgery (years) min: 46
max: 92
mean: 69.8	 (±12.38)

Side
	 Right
	 Left

n=18	 (69.2%)
n=8	 (30.8%)

Injury mechanism
	 High energy
	 Low energy (standing height)

n=2	 (7.7%)
n=24	 (92.3%)

Accompanying injuries
	 Rotator cuff injury
	 Plexus injury
	 Rupture/avulsion biceps
	 Glenoid fracture
	 Avulsion coronoid process

n=4
n=1
n=2
n=1
n=1

Neer classification
	 IV
	 V
	 VI

n=4	 (15.3%)
n=20	 (76.9%)
n=2	 (7.8%)

Table 1. �Characteristics of the study population and their 
injuries.

Procedure as primary OP
Procedure as secondary OP (revision)

n=23
n=3

Interval trauma – OP (days) min: 0
max: 21
mean: 5.42	 (±5.03)

OP time (min) min: 59
max: 246
mean: 110	 (±44.69)

Table 2. Summary of perioperative considerations.

Follow up (months) min: 6.5
max: 81
mean: 27.95	(±19.11)

DASH score min: 4.17
max: 79.30
52.85	 (±21.43)

Constant Murley score min: 17
max: 88
mean: 39.26	(±17.99)

VAS score (everyday 
activities)

min: 0
max: 6
mean 2.73	 (±2.02)

ROM
	 Flexion
	 Abduction

68.50°	 (±30.0°)
67.50°	 (±26.73°)

Table 3. Summary data from patient physical examinations.
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Perioperative Radiologic Evaluation

All fractures were categorized according to their Neer classi-
fication by means of an X-ray and a CT scan. The latter was 
available for 23 of 26 patients but X-ray follow-up could only 
be performed in 25 patients because of 1 early postoperative 
death. A combination of early and late postoperative radio-
logic follow-up was obtained from 21 patients. There were 22 
patients with early and 24 with late follow-up X-rays. All of 
the postoperative X-rays displayed anatomic reduction. In 1 
patient, a glenoid screw had to be inserted, and in another, a 
coracoid screw fixation had to be performed. Three patients 
had previous underlying shoulder disease; in 2 cases, it was 
arthritis of the shoulder and in the third case, it was arthritis 
of the acromion surface. The defined varus malreduction an-
gle was 132.1 degrees (range, 113-145±8.38). Only 1 patient 
was found with an angle <120 degrees and in another 2 X-rays, 

the angle was exactly 120 degrees. There was no significant 
correlation between varus malreduction angle and Constant 
score (Spearman correlation, r=-0.286, P=0.23) or between 
the varus malreduction angle and the DASH score (Spearman 
correlation, r=0.251, P=0.29). The results are summarized in 
Table 3 and Figure 2.

Follow-up Radiologic Evaluation

Radiologic results were satisfactory in 16 of 22 patients (73%) 
on early follow-up (0-6 m). In 5 patients (23%), there was ev-
idence of perforation of screws into the joint. In 2 cases (9%), 
revision surgery was necessary due to secondary dislocation 
of the plate. In 3 patients (14%), the onset of humeral head 
necrosis was already evident. Finally, 1 patient had juxta-ar-
ticular heterotopic calcifications.

On late follow-up (6.5-81 months), 15 of 24 patients (62.5%) had 
humeral head necrosis. Of them, 14 (93%) had experienced a 
Neer V or VI fracture. The risk for head necrosis was not age-re-
lated (comparison of patients aged <65 vs >65 years) (chi-square, 
P=0.231) but there was a significant tendency toward humeral 
head necrosis with increasing Neer classification (chi-square for 
trend 5.241, P=0.021). This effect is shown in Figure 3. Marked 
arthritis of the glenohumeral joint was evident in 14 of 24 pa-
tients (58%). In 5 patients, there was screw penetration into the 
shoulder joint, whereas 10 patients already had the hardware 
removed. Heterotopic calcification was evident in 1 patient.

Average Constant scores were 49 in the Neer IV group, 38 in 
the Neer V group, and 32 in the Neer VI group. Because the 
sample was small, there was no significant correlation between 
Neer classification and Constant score (Spearman r=-0.1113, 
P=0.65). The effect is demonstrated in Figure 4.
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Figure 1. �Distribution of Disabilities of the Arm, Shoulder and 
Hand and Constant-Murley scores displayed as a 
whisker plot.
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Figure 2. �No statistically significant correlation was found between the angle of varus malreduction and the Constant or Distribution 
of Disabilities of the Arm, Shoulder and Hand scores.
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Discussion

Plate fixation for comminuted PHF poses a surgical challenge [5]. 
Even when anatomical reduction of the deformity with recon-
struction of the humeral head is initially accomplished, a high 
risk for early and late complications can compromise the final 
outcome [23,24]. To overcome the mechanical limitations of 
plate fixation in the setting of poor bone biology and complex 
fractures, compensating for lack of structural integrity is man-
datory. The concept of intramedullary cortical bone reinforce-
ment has proven to be very effective in ex vivo studies [25]. 
In 7 clinical cases, Gardner used a fibular bone strut to rein-
force the humeral head and applied a plate on top [26]. Other 
authors reproduced these results [27]. Euler et al proposed a 
technique for reinforcement of the plate fixation by means of 
an allograft obtained from a frozen, processed femoral head. 
In their study, non-comminuted, 2-part fractures were treat-
ed [17]. Lopez et al tried the same technique on comminuted 
fractures of the elderly and concluded that femoral head al-
lograft augmentation can offer better reduction and stability, 
but no data on late outcome were presented [18].

In the present study, a mean follow-up time of 28 months was 
presented. Furthermore, the population was uniform concern-
ing severity of fractures, including comminuted fractures with 
a Neer classification of IV to VI. However, it was difficult to 
account for preexisting shoulder function in terms of frozen 
shoulder or stiffness, either in the setting of the acute injury 
or later during the interviews. The perioperative results were 
excellent in terms of reduction and positioning of the allograft. 
Late outcome, however, was poor, which supports a plethora 
of studies postulating that reconstructive surgery with plate 
fixation offers no advantage in the elderly when compared 
to conservative therapy and is inferior to a reverse prosthe-
sis [7,10,14,28-31].

The factors compromising long-term results could be manifold. 
A high rate of humeral head necrosis points to issues of vas-
cularization and biointegration. Vascularity is of cardinal im-
portance for the processes of bone healing [32-34]. In more 
than 80% of PHFs, however, there is a concomitant lesion of 
the anterior circumflex humeral artery (ACHA) [35]. The ACHA 
is probably the primary source for vascularity of the humeral 
head [36,37], although data are somewhat controversial [35]. 
Another factor influencing revascularization of the humeral 
head after a fracture is the remaining gap between the frag-
ments after plate fixation [38].

Filling the central defect in the humeral head after severe PHF 
in the elderly can be easily achieved with an allograft; in our 
case, that was a specially trimmed femoral head. Early evalu-
ation of these patients reveals encouraging clinical and radio-
logical results. Obviously, restoration of the humeral head in-
tegrity with anatomical repositioning of humeral head calotte 
and the tubercle fragments does not ensure revascularization 
of the formerly dislocated fragments. Ingrowing neovascular-
ization is probably inhibited by a non-vascularized allograft in 
the core of the construct. Primary (contact) bone healing is not 
to be expected in case of severe comminuted fragments, with 
disruption of any nutritional vessels. Therefore, endochondral 
ossification alone seems to be overstrained in these cases.

In the treatment algorithm proposed by Katthagen et al, it 
was suggested that no attempt at locking plate reconstruc-
tion need be undertaken in the context of severe comminuted 
fractures in patients older than age 60 years [23]. The authors 
favor a shoulder hemiprosthesis in such patients. In patients 
older than age 70 years, a reverse prosthesis should be placed 
instead [23]. In many other recent studies, reverse prosthe-
ses have demonstrated superior results in elderly patients 
[3,10,24]. Similarly, in the German guidelines for treatment of 
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Figure 3. �As the Neer classification increased, there was a 
significant increase in the risk of humeral head 
necrosis.
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Figure 4. �As the Neer classification increased, the Constant-
Murley score decreased, but the effect did not reach 
statistical significance.
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Figure 5. �A 56-year-old patient with an avulsion of the coracoid process and a comminuted proximal humeral fracture (Neer V).

Figure 6. �A 3-dimensional preoperative reconstruction in the same patient.
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PHF issued in 2017, a reverse prosthesis was recommended 
for elderly patients with head-split fractures and comminut-
ed fractures with bone defects [16]. The results of the present 
study are in accord with those recommendations.

Case presentation

A 56-year-old man (Patient 21) suffered an occupational ac-
cident when he fell from a height of approximately 2 meters. 
He landed on his right shoulder and sustained multiple inju-
ries, including a head-split fracture of the proximal humerus 
classified as a Neer V fracture of 4 fragments as well as an 

avulsion of the coracoid process (Figures 5, 6). Underlying dis-
eases included obesity and arterial hypertension.

The patient underwent surgery 4 days later with the afore-
mentioned technique using a femur allograft and locking plate 
(Figure 7). The initial reduction was satisfactory, with a var-
us malreduction angle of 130 degrees (Figure 8). The surgery 
took 142 min.

The allograft was sculpted into a mushroom form by means of 
a bone rongeur and a saw blade. The “stalk” of the form was 
intended to be a perfect match to the shaft hollow, whereas 

Figure 7. �Trimming and inset of the lyophilized femoral bone allograft.

Figure 8. �Early postoperative X-rays demonstrating a satisfactory reduction.
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Figure 9. �Because of screw perforation, the hardware had to be removed at 11 months.

Figure 10. �Necrosis of the humeral head necrosis was found at the 18-month follow-up. The patient underwent hemiprosthesis 
surgery.
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the transition point to the cap “sat” on the fragment of the 
humeral shaft. Care was taken not to tailor too big of a cap so 
that the tuberculae could be reduced anatomically and suffi-
ciently adapted with the PHILOS plate. After the allograft was 
inserted, an elevator instrument was used to cover the allograft 
with the humeral head dome. The end of the plate was con-
gruent with the cranial end of the major tubercule.

The patient was discharged 2 days after surgery. He was al-
lowed to engage in passive motion after week 4 and active mo-
tion after week 5. He returned 10 months after surgery with a 
complaint of persistent shoulder pain. Secondary perforation 
of the screws and the beginning of a humeral head necrosis 
could be seen (Figure 9).

After hardware removal, the patient continued to have pain 
due to humeral head necrosis. At 18 months’ follow-up, he 
had a DASH score of 56.7 and a Constant score of 45. At 18 
months after the initial surgery, conversion to a hemiprosthe-
sis was performed (Figure 10).

Conclusions

Recent guidelines for surgical treatment of PHF in the elder-
ly recommend use of a reverse prosthesis as a primary tech-
nique for severe comminuted and/or head-split fractures. In 
the present study, an alternative joint-conserving operation 
that includes anatomical open reduction and reinforcement of 
the locking plate fixation with a bone allograft was retrospec-
tively assessed. Despite encouraging short-term results with 
the technique, in the long run, the concept fell short of our 
expectations for a better outcome than conservative therapy. 
The decisive point was the development of humeral head ne-
crosis in most of our patients.

With this insight, we recommend the use of a reverse pros-
thesis in the setting of comminuted fractures in the elderly.
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