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ABSTRACT

Introduction: Proximal fractures of the humerus account for 
about 4 to 5% of all fractures. They are the most common frac-
tures in elderly population. Treatment of unstable, displaced, 
and comminuted fractures of the proximal humerus remains 
challenging.

Objectives: The present study is undertaken to evaluate the 
functional outcome of proximal humerus fractures treated by 
locking compression plate in 20 patients.

Materials and methods: Prospective study was done involving 
20 adult patients with proximal humerus fractures admitted from 
October 2012 to December 2013 treated by open reduction and 
internal fixation (ORIF) with locking compression plate. The func-
tional follow-up was done for a minimum period of 3 months and 
the patients were evaluated by Constant Murley scoring (CMS).

Results: In our series, the majority of the patients were middle-
aged males, with road traffic accidents (RTAs) being the most 
common cause of injury, involving 2-part, 3-part, and 4-part 
fractures of the proximal humerus. The fractures were united 
in 19 patients and 1 patient had avascular necrosis (AVN). 
Excellent results were seen in 15% of patients, good results 
in 55%, moderate results in 15%, and poor results in 15% 
according to CMS. There were 95% union rates, 5% of AVN, 
and no failures.

Conclusion: In conclusion, locking compression plate is an 
advantageous implant in proximal humerus fractures due to 
angular stability, particularly in comminuted fractures and in 
osteoporotic bones of elderly patients, which allows their early 
mobilization.
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INTRODUCTION

Proximal humerus fractures are one of the most common 
fractures occurring in the human body. They account 
for approximately 4 to 5% of all fractures.1-3 They can 
cause great morbidity. It is a challenge to treat unstable, 
displaced, and comminuted fractures of the proximal 
humerus. Conservative management may result in non-
union, malunion, and avascular necrosis (AVN), which 
may lead to pain and dysfunction.4 Proximal humerus 
fracture management is constantly evolving, because of 
improved understanding of fracture characteristics and 
also various modifications and innovations in surgical 
techniques.5 Wide variety of treatments like percutane-
ous fixation, closed reduction, internal fixation, k-wire 
fixation, hemiarthroplasty, and recently use of locking 
compression plate have been advocated. Advantage of 
the locking compression plate is better anchorage of 
screws in osteoporotic bone. Because of the good fixa-
tion, enhanced stability will allow for early mobilization 
of the injured shoulder. More current data, concerning 
the use of locking plates in the treatment of fractures 
of the proximal humerus, have been very encourag-
ing.6-8 There is ongoing controversy regarding the 
ideal methods of treating displaced proximal humerus 
fractures. Many published series in the literature are 
retrospective reviews of limited numbers of cases, with 
combined approaches and techniques used by different 
surgeons. They are still unsolved fractures in many 
ways.9-12

A recent meta-analysis by Bhandari et al concluded 
saying that “there was insufficient evidence to deter-
mine the optimal treatment for patients with displaced  
fractures of the proximal humerus.”12

We conducted this study to assess and analyze frac-
tures of the proximal humerus that were treated with the 
locking compression plate. We also assessed their clinical 
and functional outcome.

MATERIALS AND METHODS

A total of 20 patients with fractures of proximal humerus 
were treated surgically with proximal humerus internal 
locking system (PHILOS) plate between August 2012 
and December 2013 and were followed for 3 months. 
We obtained institutional ethical committee’s approval. 
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A total of 20 cases were studied without following any 
conventional sampling procedure. All were operated with 
deltopectoral approach.

Patients with closed displaced 2-part, 3-part, 4-part 
proximal humeral fractures, acute fractures, age above 
18 and also fit for surgery were recruited for the study. 
Patients with associated humerus shaft fractures, associ-
ated neurovascular injury, acute infection, pathological 
fractures, and old fractures were excluded from the 
study.

The patients were posted for surgery after routine 
investigation, preanesthetic check, and written informed 
consent for anesthesia and surgery. On patient arrival, 
X-ray of proximal humerus, both anteroposterior view 
and axillary views, was taken, and fractures were clas-
sified according to Neer’s classification. Surgery was 
started using an anterior deltopectoral approach for 
exposure of all the fracture sites. Postoperatively, all 
patients were immobilized in arm pouch with cuff and 
collar sling. Intravenous antibiotics was given for 5 days. 
Immediate postoperative X-rays were taken to assess the 
alignment of bone and maintenance of the optimal reduc-
tion. We also verified the implant impingement. Pendular 
exercises and assisted and passive active movements were 
started from the third postoperative day. Rotation exer-
cises were started after 3 weeks. Eccentric strengthening 
exercises and resistive strengthening were begun after 
fracture union was confirmed after 10 to 12 weeks. The 
functional outcome was assessed according to Constant 
Murley scoring (CMS) system at 3 months.

RESULTS

Majority of the patients in our group were middle aged 
as it is the most active and working group of the popu-
lation in general. The average age of the patients was  
42.5 years (Table 1).

Sex Ratio

Further, as with other studies, our study showed a higher 
incidence of fractures in men than in women. The gender 
ratio was 19:1. This higher ratio can be explained by 
a higher involvement of males in day-to-day physical 
activities compared with females (Table 2).

Major cause of fracture in our study was road traffic 
accidents (RTAs) in 17 cases (85%), and in 3 cases (15%), 
the mode of injury was falls (Table 3).

Complications

One patient had (5%) AVN, two patients had (10%) impinge-
ment, and two patients had (10%) stiffness (Table 4).

The final results are graded according to CMS  
(Table 5). We had good to excellent results in 15 (75%) 
patients treated in our institution. Patients with excellent 
and satisfactory scores had normal muscle function and 
functional range of motion according to CMS (Figs 1 to 3).

We had moderate and poor results in five (25%) 
patients, out of which two patients had plate impingement 
who had restriction of abduction beyond 90°. Two patients 
had stiffness with restriction of movements and with 
persistent mild to moderate pain. Of the two patients, 
one had 2-part fracture with axillary artery rupture, 
which was repaired with fracture fixation; limb survived 
with stiffness and mild pain. All fractures got united in  
3 months time. We had one case of AVN in our study  
(Fig. 4) who was advised hemireplacement.

DISCUSSION

The incidence of proximal humerus fractures has 
increased due to modern lifestyle changes and ever-
increasing number of RTAs when compared with 
the previous decade. Treatment options for complex 
proximal humerus fractures are restricted to T-buttress 
plates, K-wires, and bent ST-plates. Even if the injury is 
thoroughly analyzed and the literature is understood, 

Table 1: Patient demographics by age

n Average age (range) in years Average age (mean) in years
25 24–60 42.5

Table 2: Sex ratio in number (%)

n Sex – Females Sex – Males
25 1 (5%) 19 (95%)

Table 3: Mode of injury: Number (%)

n RTAs Falls
20 17 (85%) 3 (15%)

Table 4: Complications: Number (%)

Author Year Cases n Infection Malunion AVN Impinge Stiff Screw penetration Implant loose
Our study 2012 20 – – 1 (5%) 2 (10%) 2 (10%) – –

Table 5: Constant Murley scoring

CMS Excellent % Good % Moderate % Poor %
Our study 15 60 20 5
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treatment and fixation of these displaced fractures or 
fracture with dislocation is extremely difficult.

The appropriate type of treatment, either operative 
or nonoperative in the elderly, low-demand patient, also 
remains unsolved.8

Locked plate techniques have become very popular 
and are being used to treat the open reduction and inter-
nal fixation (ORIF) of displaced fractures of the proximal 

humerus.5-9 Recent meta-analysis of the literature was 
unable to detect a clear advantage from internal fixation 
or arthroplasty for treatment of such complex fractures of 
the humerus.12 Most of the proximal humerus fractures 
which are undisplaced can be treated conservatively. Many 
studies have shown that the displaced fractures of the prox-
imal humerus have a poor functional outcome when not 
treated because of severe displacement of fragments.13-17

Fig. 1: Clinical illustration

Fig. 2: Follow-up X-rays of patient 1
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However, the best management in these injuries is 
still uncertain and debatable.18 Hatzidaki et al studied 
the outcomes of 38 patients who were treated with 
locked angular-stable intramedullary implant fixation 
for 2-part surgical neck fractures. He did a follow-up for 
a minimum period of 12 months. All fractures healed 
primarily. The mean Constant score was 71, which was a 
mean age-adjusted Constant score of 97%. In their study, 
patients could do an average forward elevation of 132° 
and Constant pain score was 13 (15 = no pain). In their 
results, 37 (97%) of 38 patients had satisfactory score. Only 
four patients (11%) were reoperated.18

However, with the aim of getting anatomically 
accurate reductions, rapid healing, and early restoration 
of function, which is a demand of today’s life, ORIF is 
the preferred modality of treatment. This goal is well 
achieved by locking compression plate as depicted in 
our study though data are small. The ideal treatment of 
complex fractures of the proximal humerus2,19,20 is still 
being debated and controversial. The fracture classifica-
tion systems are prone to lots of errors. None of these give 
a clear prognosis and innovations for further outcome 
and treatment. Treatment of such fractures have resulted 
in satisfactory outcome by adopting ORIF techniqus.8,21-23

Fig. 3: Patient 2
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If the fractures are well reduced and stabilized until 
healing has occurred, it will usually end up with satisfac-
tory results. This depends on the type of fracture, the 
quality of the bone, and the technique of reduction and 
fixation. The experience and skill of the surgeon also count.

We compared the CMS of our study with others. Good 
results of our study were comparable with the studies of 
Jan Magnus8 and Ramchander Siwach25 (Table 6).

We had satisfactory to excellent results in 15 (75%) 
patients treated in our institution. All patients with excel-
lent results and satisfactory results had normal muscular 
function and movement according to CMS.

We had moderate and poor results in five (25%) 
patients, out of which two patients had plate impingement 
with restriction of abduction beyond 90°. Two patients 
had stiffness with restriction of movements and with 
persistent pain of mild to moderate degree. Of the two 
patients, one had 2-part fracture with axillary artery 
rupture, which was repaired with fracture fixation; limb 
survived with stiffness and mild pain. All fractures got 
united in 3 months. There was one case of AVN in our 
study, who was advised hemireplacement.

Our study is in agreement with other studies, with 
more than 75% patients having excellent to satisfactory 
results.14,15,26,27

A randomized controlled trial evaluated the results 
for a period of 2 years in which locking plate fixation vs 
nonoperative treatment in elderly patients treated for a 
displaced 3-part fracture of the proximal humerus was 
studied. In this study, treatment with a locking plate 

resulted in superior functional outcome and health-related 
quality of life compared with nonoperative treatment. 
However, 30% of the patients studied required additional 
surgery because of fracture complications.26 It is impor-
tant to note that the Constant score, the Disabilities of the 
Arm, Shoulder, and Hand (DASH) score, and the EQ-5D 
(EuroQol Group; Rotterdam, the Netherlands) score noted 
in the study were all superior in the locking plate group 
on all follow-up occasions. Even though the results were 
encouraging, it did not reach statistical significance.26

Sudkamp et al6 evaluated the complication rate and 
functional outcome of 187 patients after ORIF of proximal 
humerus fractures using a locking proximal humerus 
plate. At 12 months follow-up, in the study group, 
average Constant score was 70.6, which was 85% of the 
contralateral side. The average active elevation was 132° 
and the external rotation of the limb was 45°. The overall 
complication rate was 34% (52 of 155), and the common 
complication (21 of 155) was intraoperative screw penetra-
tion into the humeral head. Twenty-nine of these patients 
(19%) required a reoperation.

In the study by Bahrs et al,28 the Constant score and 
radiographic outcome in 66 patients with minimally 
displaced and/or impacted fractures of the proximal 
humerus treated with early immobilization were assessed. 
The fractures healed well, without nonunion, in all their 
patients. Imaging studies showed fracture displacement 
of less than 15° of angulation and/or less than 5-mm dis-
placement of the greater tuberosity in 80% of their patients.

They also found a significant association between the 
final Constant score, age, AO classification, and original 
fracture displacement.29 They concluded by saying that, 
earlier physiotherapy with a limited period of immobi-
lization is sufficient in managing minimally displaced 
and/or impacted fractures of the proximal humerus.

In our study, use of proximal humerus locking com-
pression plate resulted in favorable outcome in fractures 
of the humerus with displacement. Sound union was 
achieved in all patients. There was no incidence of implant 
failure which required reoperation. This locking compres-
sion plate has the advantage of locking head screws, which 
enter the head of the humerus at different angles.

We had unsatisfactory results in five (25%) patients. 
Two patients had plate impingement with the restriction of 
abduction movement beyond an angle of 90°. Impingement 
of plate to acromion proximally results in limitation of 
abduction movement beyond 90°.

Two patients had unsatisfactory results with stiffness, 
restriction of movements, and mild to moderate pain. 
One patient had AVN. Regular follow-up and compli-
ance was poor in these patients. In our study, none of the 
cases had implant failure. Our study has similar results 
compared with other studies of surgical management of 
the proximal humerus.25, 30-36

Fig. 4: Avascular necrosis

Table 6: Outcome of surgery (%)

CMS Excellent % Good % Moderate % Poor %
Aggarwal24 17.02 38.3 34.4 10.64
Siwach et al25 28 64 8 0
Bjorkenheim et al8 5.5 44.4 43 6.9
Our study 15 55 15 10
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Proximal humerus fractures occur more commonly 
in the middle age group. Numerous age-related studies 
point toward this, and our study is consistent with 
this finding. In our study, majority of the patients, i.e.,  
7 (35%), were from age group of 41 to 50 years followed 
by 5 patients (25%) >50 to 60 years. The average age of  
the patients were 42.5 years (Table 7). Majority of the 
patients in our group are middle aged probably as it is 
the most active and working group of the population in 
general.

Further, as with other studies, our study showed a 
higher incidence of fractures in men than in women. 
The gender ratio was 19:1 (Table 8). This higher ratio can 
be explained by a higher involvement of males and the 
nature of work they do in day-to-day activities of life 
compared with females.

Mode of Injury

Major cause of fracture in our study was RTA in 17 cases  
(85%), and in 3 cases (15%) the mode of injury was falls 
(Table 9). Fazal and Haddad in their study have reported 
21 cases (77.8%) of fall and 6 cases (22.2%) of RTA. 
Aggarwal et al in their study of 47 patients of proximal 
humerus fracture accounted for 55% of fracture, RTA 
42.5% and 1 fracture (2.5%) caused by seizure. In the 
study of Resch et al of 27 patients with 3-part and 4-part 
fracture, 24 patients had history of high-energy trauma.

Complications of our study with others are compared 
in Table 10. Avascular necrosis impingement was com-
parable with the study of Siwach29 and stiffness with 
Aggarwal’s study.

CMS was compared with other studies.
Good results of our study were comparable with the 

studies of Bjorkenheim and Siwach (Table 11).

Not many studies have been done on this topic in 
Indian patients with a medium sample size. Akanchha 
et al did a study on PHILOS plating but used a different 
score, and Siwach et al had a small sample size.37 We had 
only one case of AVN of humeral head in PHILOS group, 
which was asymptomatic clinically (5%). It is much less 
than 6 to 10%. As we did not obtain magnetic resonance 
imaging routinely, the true prevalence of AVN and other 
complications may be difficult to assess.37

DRAWBACK

Major limitation of our study is smaller sample size, short 
follow-up period, and relatively costly PHILOS plate 
compared with conventional plates. Further research in 
the field is needed to evaluate long-term effectiveness, 
rate of complications, and safety profile.

CONCLUSION

The present study was done to evaluate functional 
outcome and complication following surgical manage-
ment of proximal humerus fracture by locking compres-
sion plate.

Locking compression plate is an advantageous 
implant in fixing proximal comminuted and displaced 
fractures of the humerus. It is also useful in osteoporotic 
bones of the elderly patients. It allows early mobilization. 
Further randomized trials are the need of the hour to 

Table 7: Age incidence comparison

Study
Age of patient  
(range), years

Average age 
(mean), years

Gerber et al21 16–73 44.9
Fazal and Haddad34 22–85 56
Aggarwal et al24 23–81 58.1
Our study 24–60 42.5

Table 8: Sex incidence comparison

Study Males Females
Our study 19 1

Table 9: Mode of injury incidence comparison

Study RTA Falls
Fazal and Haddad34 6 21
Resch et al35 24 3
Our study 17 3

Table 11: Complications after surgery; comparison with other studies

Authors Year Cases Infection Malunion AVN Impinge Stiff
Screw 
penetration

Implant 
loose 

Siwach et al25 2008 25 8% 8% 6% 4%
Brunner et al7 2009 157 1.26% 2.53% 8.22% 2.53% 2.53% 13.9% 3.16%
Sharafeldin et al33 2008 27 3.7%
Aggarwal24,34 2010 56 3.5% 1.8% 3.5%
Our study 2012 20 1 (5%) 1 (5%) 2 (10%)

Table 12: Constant Murley scoring compared with other studies

CMS Excellent Good Moderate Poor
Aggarwal3,24 17.02 38.3 34.4 10.64
Siwach et al25,27 28 64 8 0
Bjorkenheim et al8 5.5 44.4 43 6.9
Our study 15 55 15 15
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compare the outcome of conservative nonoperative treat-
ment with other surgical treatment options like ORIF and 
hemiarthoplasty.
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