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Open reduction and locking plate fixation of displaced 
proximal humerus fractures
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Abstract
Background: Treatment of proximal humerus fractures is controversial and various operative modalities have been tried in the 
literature. The aim of the present study was to evaluate functional outcome and complication rate after open reduction and internal 
fixation of displaced proximal humerus fractures by proximal humerus locking plate.
Materials and Methods: 52 patients with displaced proximal humerus fractures treated with proximal humerus locking plate 
between May 2008 and October 2010 were included in the study. Fractures were classified according to Neer’s classification into 
displaced 2‑part, 3‑part, and 4‑part fractures. Patients were followed for a minimum period of 1 year. 11 patients had less than 1 
year of followup and were not considered in the evaluation of final results. Forty one patients were considered for final evaluation. 
Functional evaluation was done according to the Constant‑Murley scoring system. Constant score was compared between 2‑part, 
3‑part, and 4‑part fractures at final up and also between young (≤60 yrs) and old (>60 yrs).
Results: 11 patients had 2‑part fractures, 22 patients had 3‑part fractures, and 19 patients had 4‑part fractures. The mean followup 
period was 15.21 ± 2.59 months. 65.8% (n = 27) patients had good to excellent result, 19.5% (n = 8) had fair, and 14.7% (n = 6) had 
poor result. Constant scores for 2‑part (79.83 ± 6.95) and 3‑part fractures (74.22 ± 12.53) were significantly superior to those of 
4‑part fractures (61.09 ± 14.29) (P value = 0.002 and 0.018, respectively). Difference between 2‑part and 3‑part fractures was not 
significant (P value = 0.623). There was no significant difference between younger (≤60) and older patients (>60). Complications 
encountered in this series were varus malreduction in 17% (n = 7), screw perforation in 10% (n = 4), plate impingement in 12% 
(n = 5), infection in 2% (n = 1), and nonunion in 2% (n = 1) of cases.
Conclusion: Proximal humerus locking plate gives reliable fixation for 2‑part and 3‑part fractures. Its use in more complicated 
fracture patterns of 4‑part fractures is associated with poor clinical outcome.
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Introduction

The majority of proximal humerus fractures occur in 
older age groups as a result of trivial trauma where 
bones are osteoporotic. Because of osteoporosis 

and comminution both reduction and fixation are difficult. 
While for undisplaced fractures, literature strongly suggests 
nonoperative treatment,1‑3 the treatment of displaced 

fractures is still controversial and challenging. A wide 
variety of treatment modalities have been used in the past 
which include transosseous suture fixation, tension band 
wiring, standard plate and screw fixation, hemireplacement 
arthroplasty, percutaneous wire, and screw fixation.4‑6 But 
consensus is available on the ideal treatment modality 
especially of 3‑part and 4‑part fractures.7‑9 Precontoured 
locking plates work on the principle of angular stability, 
less disruption of vascularity, and less chances of plate 
failure.10 Improved fixation by locking plates is attributed 
to the angular stability of the screws locking in the plate 
and their three‑dimensional distribution in the humeral 
head. But their use for the treatment of proximal humerus 
fractures demands an accurate surgical technique, long 
learning curve to avoid plate impingement, and screw 
perforation of the articular surface.11‑13 Also, like with all 
locking plates, fracture reduction must be achieved prior 
to plate application which can be challenging. The aim of 
the present study was to evaluate functional outcome and 
complication rate after open reduction and internal fixation 
of displaced proximal humerus fractures by proximal 
humerus locking plate.
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Materials and Methods

This was a prospective study conducted in our institute 
on a consecutive series of patients for the treatment of 
displaced (angulation of the articular surface of >45 
degrees or displacement of more than 1 cm between 
the major fracture segments)14 2‑part, 3‑part, and 4‑part 
proximal humerus fractures from May 2008 to October 
2010. After obtaining institutional ethical committee 
clearance, 57 consecutive patients of displaced proximal 
humerus fractures (as defined by Neer’s criteria) were 
enrolled in the study. Written informed consent was 
obtained from all the patients. Open fractures, stable 
2‑part fractures, isolated tuberosity fractures, bilateral 
fractures, fractures with ipsilateral significant injuries 
which could prevent early rehabilitation, head splitting 
fractures, fracture dislocations, and fractures occurring 
in children less than 18 years old were excluded from 
the study. Anteroposterior and axillary views of shoulder 
were obtained in all patients [Figure 1a and b]. 3‑D CT 
reconstruction was used only in those patients in whom 
head splitting fracture was suspected. Fractures were 
classified according to Neer’s classification15 into 2‑part, 
3‑part, and 4‑part. There were eleven 2‑part, twenty two 
3‑part, and nineteen 4‑part fractures. To precisely classify 
the fractures independent opinion of two orthopaedic 
surgeons were taken. We used proximal humerus locking 
plate (Uma surgical, Mumbai) in all patients which is a 
precontoured plate according to the anatomy of proximal 
part of humerus. There are five locking screw holes for 
the head fragment in which the direction of screws are 
nonparallel. The screw holes in the shaft portion are combi 
holes and the plate is available in different sizes.

All the fractures were operated by senior orthopaedic 
surgeon (AKG) using a standard deltopectoral approach 
with the patient in the supine position on a radiolucent table 
with access for image intensifier to obtain intraoperative 
anteroposterior and axillary views. Fractures were reduced 
by manual traction and abduction to neutralize pull of the 

deltoid muscle. After provisional stabilization of fractures 
by k‑wires, definitive fixation with proximal humerus 
locking plate was done. Tuberosity fractures were reduced 
by means of nonabsorbable Ethibond sutures whenever 
required. If the fracture was reduced plate was applied 
over lateral aspect of proximal humerus and locking screws 
were inserted first in the head fragment. Care was taken in 
placing the plate lateral to the biceps tendon and 5‑8 mm 
distal to upper end of greater tuberosity. In case the shaft 
was medially displaced first cortical screw (3.5 mm) was 
inserted in the shaft portion to neutralize pull of pectoralis 
major muscle. After that, locking screws in the head were 
inserted. Postoperative x‑ray was obtained in all patients 
[Figure 2]. On immediate postoperative evalutation of 
X‑rays varus malreduction of more than 20 degrees was 
present in 7 patients and screw perforation was identified 
in 3 patients.

Postoperatively arm sling was applied and continued 
till fracture union. Passive‑guarded physiotherapy was 
started in the first postoperative week and continued 
till fracture union. Active range of motion exercises and 
passive stretching exercises were started after fracture 
union. Patients were followed up at 6 weeks, 3 months, 6 
months, 1 year, 1.5 years, and 2 years [Figure 3a and b]. 
At each visit, functional evaluation was done according 
to Constant‑Murley scoring system [Figure 4a‑c].16 The 
Constant score was graded as poor (0‑55 points), fair 
(56‑70), good (71‑85), or excellent (86‑100). Constant score 
and its various subcomponents were compared between 
2‑part, 3‑part, and 4‑part fractures at the last available 
followup after 1 year. Scores were also compared between 
young (≤60 years) and old (>60 years) patients.

The Student t test was used for comparison of scores 
between young and old patients, while for comparison 
between three fracture types ANOVA was used. All the 
statistical calculations were done using SPSS 16 software 
and the level of significance was set at ≤0.05.

Results

A total of 57 patients of proximal humerus fractures were 

Figure 1:  (a) and (b) Preoperative X‑ray (anteroposterior and axillary 
view) of a 3‑part proximal humerus fracture
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Figure 2: Postoperative X‑rays showing anatomical reduction
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treated during the above‑mentioned period of study. Five 
patients were excluded from the study by above‑mentioned 
exclusion criteria (two patients had proximal humerus fracture 
dislocation, two patients had displaced greater tuberosity 
fracture, and one patient had head splitting fracture). Eleven 
patients had less than 1 year of followup and were not 
included in the evaluation of final result. Forty one patients 
were considered for final evaluation. Patient characteristics 
are represented in Table 1. 54% patients (n = 22) were less 
than or equal to 60 years of age and 46% (n = 19) were more 
than 60 years of age. Patients were operated after an average 
period of 6.2 days. The average union time was 3 months 
(range 2‑5 months). Clinical evaluation was done according 
to Constant‑Murley score. The overall mean score was 72.34 
± 13.57. 66% (n = 27) patients had good to excellent result, 
20% (n = 8) had fair, and 15% (n = 6) had poor result. The 
mean Constant score for 2‑part fractures was 79.83 ± 6.95, 
of 3‑part fractures was 74.22 ± 12.53, and of 4‑part fractures 
was 61.09 ± 14.29. Constant scores for 2‑part and 3‑part 
fractures were significantly superior to those of 4‑part fractures 
(P value = 0.002 and  0.018, respectively). Difference between 
2‑part and 3‑part fractures was not significant (P value 0.623). 
Mean score of patients with age less than or equal to 60 years 
of age was 73.61 ± 13.51 and in patients with more than 60 
years was 70.31 ± 14.26. The difference was not significant 
(P value 0.564). Differences between pain, activities of 
daily living, range of motion and strength subcomponents 
of the Constant‑Murley score between 2‑part, 3‑part and 
4‑part fractures were also significant [Table 2]. Overall 18 
complications occurred in 10 patients [Table 3].

Discussion

Treatment of proximal humerus fractures has been 
controversial. For displaced fractures, traditional treatment 
with conventional plates and screws has been associated 
with high rates of unsatisfactory results and complications.17 
Locking plates are angular stable plates which has advantage 
of secure fixation in metaphyseal and osteoporotic bones. 

There are biomechanical studies which suggest that locking 
plates resist physiological loads more effectively.18,19 There 
are many clinical studies which indicate that proximal 
humerus locking plates have good result in proximal 
humerus fractures.20,21,22

In our study, 66% (n = 27) of the patients had excellent 
to good outcome. The overall mean Constant score was  
72.34 ± 13.57. Aggarwal et al.23 in their study found moderate 
to excellent outcome in 90% of patients. They also found 
significantly higher Constant score for younger patients  
(P value = 0.12). The mean age of the patients in this series was 
58.51 years (range 23‑81 years) and fracture types were Neer 
2‑part, 3‑part, and 4‑part fractures and fracture dislocations.

Figure 3:  (a) and (b) Followup X‑ray at 18 months showing union

Table 1: Patient demography
Age (year) 57.85±13.81
Male/Female (no.) 26/15
Dominant/Nondominant (no.) 22/19
2‑part fractures (no.) 12
3‑part fractures (no.) 18
4‑part fractures (no.) 11
Duration of followup (months) 15.21±2.59 (range 12‑21)

Figure 4: (a-c) Clinical photographs at 18 month followup showing 
range of motion
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Table 2: Comparison of subscores of Constant‑Murley score 
between three fracture types
Neer’s type Pain 

score
ADL 

score
ROM 
score

Strength 
score

2‑part 13.75±2.26 16.83±1.26 31.33±4.46 17.92±3.34
3‑part 11.94±3.03 15.39±2.03 30.78±4.12 16.11±5.30
4‑part 9.54±4.15 13.91±2.26 25.82±4.51 11.82±5.13
P value 0.012 0.003 0.006 0.012
ADL = Activities of daily living, ROM = Range of motion

Table 3: Complications associated with management of proximal 
humerus fractures with proximal humerus locking plate
Complications No. of cases %
Screw perforation 4 10
Varus malreduction 7 17
Nonunion 1 2
Plate impingement 5 12
Infection 1 2

ba
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Thyagarajan et al.10 in their study on 30 patients showed 
an overall average Constant score of 57.5. The mean age 
in this series was 58 years (range 19‑92 years) and fractures 
were Neer’s 2‑part, 3‑part, and 4‑part fractures.

Parmaksizoğlu et al.24 in their study showed 68.7% excellent 
to good results. Mean age was 63 years (range 29‑82 years) 
and fractures were Neers, 3‑part, and 4‑part 31.8% (n=10). 
Patients have not achieved optimal results.

Solberget al.25 in their retrospective study of Neer, 3 and 
4‑part fractures showed mean Constant score of 64.7 in 
4‑part fractures. The mean age of the patients in locked 
plate group was 66.5 ± 8.6 years.

In the study of Aggarwal et al.23 the mean Constant score 
for 4‑part fractures was 66 ± 12.61 and was significantly 
inferior to other types.

In our study also the mean Constant score for 4‑part 
fractures was 61.09 ± 14.29 which was significantly inferior 
compared to 2‑part and 3‑part fractures (P value = 0.001 
and = 0.018, respectively). This result is comparable to the 
above mentioned studies.

In our study, the comparison of subcomponents of Constant 
score shows a significant difference between 4‑part fracture 
and other two fracture types. Similar findings were reported 
by Aggarwal et al.23

Varus malreduction has been correlated with poor outcome 
in many studies. In our study varus malreduction of >20 
degrees occurred in 17% of cases (n = 7) [Table 3]. All 
the patients with varus malreduction had Constant score 
<70. All but one of the fractures with varus malreduction 
of >20 degrees united. Four of these cases also had plate 
impingement in the subacromial area. This implicates varus 
malreduction as a principal cause of plate impingement in 
the subacromial area and this error is more common than 
placing the plate too far superiorly.

Screw perforation [Figure 5] occurred in our study in 
4 cases. Three out of four screw perforations occurred 
because of intraoperative errors of screw placement. Similar 
incidence of screw perforation has been reported in other 
studies.

We found no significant difference in outcome between 
patients of age group less than or more than 60 years of age. 
Similar findings have been reported by Koukakis et al.20 who 
reported no significant difference between younger (<65) 
and older (>65) patients. Moonot et al.22 also reported 
similar findings.

No osteonecrosis occurred in our series. This may be 
because of smaller number of patients in 4‑part fracture 
group (n = 11). Also, a majority of fractures in 4‑part group 
were in the surgical neck region and hence had low risk of 
osteonecrosis.

The limitation of this study is lack of a control group. A 
randomized study comparing the result of other treatment 
modalities will probably serve as a better guideline for 
treatment of these fractures.

We conclude that proximal humerus locking plate fixation 
for 2‑part and 3‑part fractures has good functional 
outcome but its use in 4‑part fractures is associated with 
high complication rate. Use of this implant needs technical 
expertise and most of the complications occur because of 
intraoperative technical errors.
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