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INTRODUCTION
Proximal humerus fractures account for 5% of all fractures and 
10% of all upper limb fractures.(1‑3) Surgical treatment, which 
has acceptable risks, aims to avoid potential complications 
such as nonunion, malunion and prolonged immobilisation.(4‑11) 
With advancement in knowledge regarding these fractures and 
improvements in hardware designs and fixation techniques, 
fractures are now increasingly being treated surgically. In fact, 
many different fixation methods have surfaced in the literature 
over the past ten years, with no large randomised study 
supporting the use of one method over another.(12‑20) Thus, the 
primary objective of the present study is to describe the clinical 
parameters of patients with surgically managed proximal humerus 
fractures and to identify any evolving trends in such surgeries 
over the past decade. Any observable predilection for a particular 
surgery or surgical approach may be used to drive future trials 
toward studying the indications and outcomes of these surgical 
techniques and approaches.

METHODS
We identified all the patients who had undergone surgery for 
proximal humerus fractures in our institution over a ten‑year 
period (from January 2001 to December 2010). The list of patients 
was generated electronically from the hospital’s diagnosis and 
operative coding database, and manually checked to confirm 

the diagnosis of all the patients on the list. A proximal humerus 
fracture was defined as a fracture that occurred proximal to the 
surgical neck of the humerus.

The case notes, electronic records and radiographs of all the 
identified patients with proximal humerus fractures were reviewed. 
The parameters recorded were patient demographics (e.g. age, 
gender), comorbidities, clinical findings  (e.g.  mechanism of 
injury, presence of open fracture and neurovascular deficits), 
radiological findings  (e.g.  fracture configuration), operative 
techniques  (e.g.  surgical approaches, type of implants) and 
operative complications. Altogether, 26 patients were excluded 
from the study  –  15  patients were inappropriately coded, 4 
polytrauma patients did not undergo surgery, and 7 patients with 
pathological fractures (due to local infection or tumours) were 
undergoing revision surgeries.

During the review process, we paid particular attention to the 
presence of pre‑ and postoperative injuries of the axillary nerve, 
radial nerve and/or blood vessels.(21‑23) Based on our retrospective 
search, indications for surgery included open fractures, angulation 
of the articular surface > 45°, displacement between the major 
fracture fragments > 1 cm, fracture‑dislocation, and fractures with 
varus or valgus impaction.(5) Fractures were classified according 
to Neer’s classification system using two standard orthogonal 
shoulder radiographs  (anteroposterior and Y‑scapula views), 
which were reviewed by two consultants not involved in the 
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management of the patient.(4) In the event of differing opinions, a 
third independent reviewer was consulted. A differentiation was 
made between anatomical and surgical neck fractures, as we took 
into consideration the possible lack of proximal bony purchase 
during fixation and the disruption of blood supply to the humeral 
head, which may predispose patients to replacement surgery.

Surgical approaches were classified as percutaneous, minimally 
invasive, or open. The open approach was further subdivided into 
deltopectoral or deltoid splitting. The type of fixations used were 
Kirschner wires, bone suture, plate osteosynthesis, cancellous 
screw fixation, hemiarthroplasty, and a combination of surgical 
implants. All surgeries were performed by surgeons of at least a 
registrar grade, under the charge of a fellowship‑trained consultant 
orthopaedic surgeon. Complications were grouped into the 
following categories: (a) problems with union (e.g. delayed union, 
nonunion); (b) implant‑related problems (e.g. fracture propagation, 
loosening, implant breakage); (c) wound infection (e.g. superficial, 
deep infections); and  (d) avascular necrosis. This retrospective 
study was approved by our local ethics committee board, with a 
waiver of consent.

Statistical analysis was performed using the Statistical 
Package for the Social Sciences version 16 (SPSS Inc, Chicago, 
IL, USA). Categorical variables were presented as proportions, 
while continuous variables were presented as median, where 
appropriate. Univariate analyses were performed using Chi‑square 
test for categorical variables, and Mann‑Whitney U test for 
continuous variables. Correlation between fracture configuration, 
approach and fixation method was considered statistically 
significant if the p-value was  ≤  0.005 based on Bonferroni 
correction. Statistical significance was set at p-value ≤ 0.05.

RESULTS
A total of 95 patients with 97 surgically managed proximal humerus 
fractures were included in the data analysis. Two patients had 
bilateral proximal humerus fractures. The median age of the patients 
was 50  (range 12–85) years, and the male to female ratio was 
1.2:1.0. The average follow‑up duration was 4.1 (range 2–10) years. 
There was a predominance of male patients aged < 40 years and 
female patients aged > 70 years (p < 0.001). A total of 47 (48.5%) 
fractures were high velocity injuries, of which 74.5% were due 
to road traffic accidents. Of the 97 fractures, 3 (3.1%) were open 
fractures – puncture wound in the axilla, Gustilo grade 2 fractures, 
and Gustilo grade 3A fractures. Neurological deficits were observed 
in 2  (2.1%) patients; preoperatively, both patients had sensory 
loss over the regimental badge area (axillary nerve distribution). 
None of the patients had radial nerve or vascular injuries. There 
were no surgically‑treated valgus impacted fractures in our 
study cohort. Based on Neer’s classification, two‑part surgical 
neck fractures  (33/97, 34.0%) and three‑part greater tuberosity 
fractures  (22/97, 22.7%) were the two most common types of 
fracture encountered. Of the 97 fractures, 16 (16.5%) were four‑part 
fractures and 17 (17.5%) were fractures cum dislocations. Other 
types of fractures were two‑part greater tuberosity fractures (7/97, 
7.2%) and two‑part anatomical neck fractures (2/97, 2.1%). Table I 
summarises the baseline characteristics of our patients.

Trend analysis showed that our institution started practising 
minimally invasive plate osteosynthesis  (MIPO) surgery of the 
proximal humerus in 2007 (p < 0.001). MIPO constitutes about 
20% of all cases managed per year (Fig. 1). No other surgical 
fixation methods or approaches showed statistical significance 
over the ten‑year period. The MIPO technique was used to 
treat 9 proximal humerus fractures, of which 6  (66.7%) were 
two‑part surgical neck fractures and 3 (33.3%) were three‑part 
greater tuberosity fractures. For open surgery, the deltoid 
splitting approach was used in 14 patients, and the deltopectoral 
approach, in 69 patients.

In terms of the fixation method, plate osteosynthesis 
was the most common, with a total of 49 out of 97  (50.5%) 
proximal humerus fractures treated using this method. This was 
followed by hemiarthroplasty of the shoulder and fixations with 
cancellous screw. Conversely, Kirschner wires, bone anchors 
and intramedullary nails were infrequently used during this 
period (Fig. 2). None of the patients required any form of combined 
fixation in our series. Plate osteosynthesis was the predominant 
choice for fixation of two‑part and three‑part proximal humerus 
fractures involving the greater tuberosity  (p  =  0.03 and 
p = 0.0002, respectively). Hemiarthroplasty was performed in 
26 out of 97 (26.8%) proximal humerus fractures, consisting of 
mostly four‑part surgical neck fractures (p < 0.001). No correlation 
between surgical/anatomical neck fractures and the type of 
surgery was noted.

Over the ten‑year study period, there were 8 (8.3%) instances 
of postoperative complications  –  3  (3.1%) wound infections, 
2 (2.1%) implant failures due to loss of fixation, 2 (2.1%) nonunion 
and 1 (1.0%) avascular necrosis of the humeral head (Table II). 
Among the three patients with wound infection, one patient 
had Kirschner wire pin site infection and two had superficial 
wound site infection from hemiarthroplasty. These patients 
were successfully treated with short‑term antibiotics. Of the two 

Table I. Baseline characteristics of the patients (n = 95).

Characteristic No. (%)

Mean age* (yrs) 49.7 (12–85)

Male gender 52 (54.7)

Mechanism of injury (n = 97)
High‑velocity trauma

Road traffic accident
Fall from height

Low‑velocity trauma
Direct impact to shoulder
Fall on outstretched hand

47 (48.5)
35 (74.5)
12 (25.5)
50 (51.5)
42 (84.0)

8 (16.0)

Open fracture 3 (3.1)

Neurological deficits 2 (2.1)

Fracture configuration (n = 97)
Two‑part surgical neck
Three‑part greater tuberosity
Four or more parts
Fracture–dislocation
Others†

33 (34.0)
22 (22.7)
16 (16.5)
17 (17.5)
9 (9.3)

Note: There were 97 fractures, as 2 of the 95 patients had bilateral proximal 
humerus fractures. *Data is presented as mean (range). †Comprises two‑part 
greater tuberosity and two‑part anatomical neck fractures.
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patients with loss of fixation, the first patient had undergone 
open plating for a three‑part greater tuberosity fracture; however 
further displacement of the greater tuberosity in this patient 
led to the need for revision plating. The second patient had 
undergone open plating for a comminuted fracture-dislocation of 
the proximal humerus; as further displacement of the fragments 
was observed on follow‑up, this patient underwent revision 
surgery to hemiarthroplasty. Both of these patients had no further 
sequelae following revision surgery. Two patients with four‑part 
proximal humerus fracture had aseptic atrophic nonunion after 
open plating and required bone grafting 5–6 months later. The 
fractures healed well after subsequent bone grafting surgery. As 
both of these patients had open plate osteosynthesis following 
high‑velocity injuries, extensive soft tissue and periosteal stripping 

Table II. Complications encountered in surgically managed patients 
with proximal humerus fractures.

Complication No. of fractures (%)

Wound infection
Superficial
Deep

3 (3.1)
0 (0)

Implant‑related problems
Implant failure
Implant loosening

2 (2.1)
0 (0)

Union problems
Delayed union
Nonunion

0 (0)
2 (2.1)

Avascular necrosis of the humeral head 1 (1.0)

Note: There were 97 fractures, as 2 of the 95 patients had bilateral proximal 
humerus fractures.

Fig. 1 Graph shows the types of surgical approaches used to treat proximal humerus fractures over a ten‑year period. MIPO: minimally invasive plate osteosynthesis

Fig. 2 Graph shows the proportion of fixation methods used to treat proximal humerus fractures over a ten‑year period. IM: intramedullary; K: Kirschner
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at the time of injury or surgery could have compromised the 
vascular supply to the humerus, thus affecting bony union.(13,14) 
None of the complications documented in the present study 
were from patients who had undergone surgery using the MIPO 
technique. All MIPO surgeries were performed by four consultant 
orthopaedic surgeons and were followed up for an average 
duration of 3.6 (range 2–5) years.

DISCUSSION
New knowledge, together with improved surgical hardware and 
fixation techniques, can potentially change surgical management. 
To the best of our knowledge, the present study is the first to 
evaluate the evolving trends of surgically managed proximal 
humerus fractures over a ten‑year period. Similar to most other 
fracture presentations,(1‑3) patients who present with such injuries 
often fall under one of the following two categories – elderly 
female patients who have osteoporosis and young male patients 
who sustained a high‑velocity injury.(6‑11) This trend is reflected 
in the present study, as male patients presenting with fractures 
were at a peak age of 30–39 years, and female patients, at a 
peak age of 70–79 years (p < 0.001, Fig. 3). Furthermore, male 
patients aged below 65  years were found to be associated 
with high‑velocity injuries  (p  =  0.046). Given the fast‑ageing 
population in Singapore  (9% of the population is aged above 
65 years according to the 2010 population census), osteoporotic 
fractures involving the elderly is likely to rise.(12)

The trends in the operative management of proximal 
humerus fractures have changed over the last decade. Since 
2007, the MIPO technique has been practised in our institution 
in conjunction with courses conducted by AOTrauma, a clinical 
division within the AO Foundation. MIPO surgery is unique in that 
it uses two incisions (i.e. one proximal and one distal) to allow 
gliding of the plate across the fracture site along the submuscular 
plane.(17‑20) This technique minimises further soft tissue injury 
from dissection following the initial trauma, and preserves the 
periosteum with the intention of promoting bony union.(17‑20) With 
the expected rise of osteoporotic fractures in the elderly, MIPO 
surgery will continue to gain popularity, as it gives the added 
advantage of minimising soft tissue injury in patients who have 
reduced healing potential. Numerous studies have demonstrated 

good results following MIPO surgery.(17‑20) Although the present 
study did not review the outcomes of patients who underwent 
MIPO surgery, given the promising results reported by other 
studies,(17‑20) we opine that more patients will likely undergo this 
procedure in the future.

No other surgical fixation method or approach showed 
statistical significance over the ten‑year study period. However, 
findings from the last decade showed that patients with two‑part 
surgical neck fractures  (odds 2.00, p = 0.003) and those with 
three‑part greater tuberosity fractures  (odds 6.33, p  =  0.002) 
were more likely to undergo plate osteosynthesis, while 
those with four‑part fractures were more likely to undergo 
hemiarthroplasty  (odds 3.00 p  <  0.001) (Table III). Although 
such strategies appear to be intuitive, no strict rules governing 
the choice of fixation exists. Moreover, the results of these 
surgeries are variable, thus highlighting the need for future 
studies reviewing patients’ functional outcomes following the 
various surgical treatment modalities.The trend toward primary 
reverse shoulder arthroplasty for elderly patients, especially 
those with concomitant cuff tears, has also been suggested in 
the literature.(24‑26) However, this is beyond the scope of the 
present study.

On analysis of the complication rates following surgery, eight 
cases of complications were noted. Of these eight cases, only 
three were superficial wound infections, which were successfully 
resolved using a short course of oral antibiotics. Such low rates of 

Fig. 3 Graph shows the frequency of proximal humeral fractures according 
to age group.

Table III. Fracture configurations and management.

Parameter Two‑part surgical neck Three‑part greater tuberosity Four or more parts

No. (odds) p‑value No. (odds) p‑value No. (odds) p‑value

Fixation method
Plate
Hemiarthroplasty
Cancellous screw
Kirschner wire
Bone suture
Intramedullary nail

22 (2.00)
3 (0.10)
1 (0.03)
6 (0.22)
0 (0)
1 (0.03)

0.0300
0.0700
0.0600
0.0600
1.0000
0.3400

19 (6.33)
3 (0.16)
0 (0)
0 (0)
0 (0)
0 (0)

0.0002
0.1700
0.0400
0.3500
1.0000
1.0000

4 (0.33)
12 (3.00)
0 (0)
0 (0)
0 (0)
0 (0)

0.0300
0.0001
0.1200
0.6000
1.0000
1.0000

Approach
Open
MIPO
Percutaneous

29 (7.25)
3 (0.10)
1 (0.03)

0.7700
1.0000
0.6600

18 (4.50)
2 (0.10)
2 (0.10)

0.7300
1.0000
0.3200

15 (15.00)
1 (0.07)
0 (0)

0.4500
1.0000
0.5900

MIPO: minimally invasive plate osteosynthesis
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wound infections are consistent with that reported in the existing 
literature.(27) Fracture union was achieved in 97.9% of our patients 
following operative fixation. No complication from MIPO cases 
was noted. Considering the possibility that MIPO surgery may 
result in a better chance of bony union due to reduced soft tissue 
stripping, we approached the primary surgeons who performed 
the MIPO surgeries for their opinion regarding the feasibility 
of using the MIPO technique in the treatment of four‑part 
fractures, in order to avoid complications of devascularisation 
and nonunion  (both of our patients who developed nonunion 
had four‑part fractures that were treated with open reduction 
and fixation). The consensus of the surgeons was that the MIPO 
technique is not the choice of surgery for four‑part fractures, as 
surgical procedures for proximal humerus fractures greater than 
three parts are more technically challenging.

The present study reviewed only surgically managed proximal 
humerus fractures. It is not meant to provide information on the 
prevalence of surgical management in patients with proximal 
humerus fractures. We recognise several limitations to the 
present study. First, although this study was a ten‑year analysis 
of surgically managed proximal humerus fractures, the number 
of patients in each subgroup was small and may not have been 
powered to detect significant changes in trends after Bonferroni 
correction. Second, as our hospital is situated along major 
expressways and is a catchment for patients from industrial 
estates in the western part of Singapore, it is likely that the 
number of cases due to high‑velocity injury is overestimated in 
the present study compared to other hospitals. Finally, as this is 
a retrospective study, it had the inherent challenge of missing 
data and poor documentation. Where possible and appropriate, 
more information regarding the management of the patients was 
obtained from the attending doctors.

In conclusion, open plate osteosynthesis was the most 
common method of fixation in the present study. It was primarily 
used for the treatment of two‑part and three‑part proximal 
humerus fractures, while hemiarthroplasty was the most common 
method used for treating four‑part fractures. MIPO of the proximal 
humerus, which has been practiced in our institution since 2007, 
was the method of treatment for about 20% of all cases managed 
per year. Further developments in MIPO techniques may change 
the way proximal humerus fractures are managed in the future. 
Therefore, further studies should be conducted on surgically 
managed proximal humeral fractures, either for the subsequent 
ten years of follow‑up, or as part of a larger multicentre study.

REFERENCES
1.	 Court‑Brown CM, Caesar B. Epidemiology of adult fractures: A review. 

Injury 2006; 37:691‑7.
2.	 Lind T, Krøner K, Jensen J. The epidemiology of fractures of the proximal 

humerus. Arch Orthop Trauma Surg 1989; 108:285‑7.
3.	 Court‑Brown CM, Garg A, McQueen MM. The epidemiology of proximal 

humeral fractures. Acta Orthop Scand 2001; 72:365‑71.

4.	 Neer CS 2nd. Displaced proximal humeral fractures. I. Classification and 
evaluation. J Bone Joint Surg Am 1970; 52:1077‑89.

5.	 Neer CS 2nd. Displaced proximal humeral fractures. II. Treatment of 
three‑part and four‑part displacement. J  Bone Joint Surg Am 1970; 
52:1090‑103.

6.	 Palvanen M, Kannus P, Niemi S, Parkkari J. Update in the epidemiology 
of proximal humeral fractures. Clin Orthop Relat Res 2006; 442:87‑92.

7.	 Chu SP, Kelsey JL, Keegan TH, et al. Risk factors for proximal humerus 
fracture. Am J Epidemiol 2004; 160:360‑7.

8.	 Lee SH, Dargent‑Molina P, Bréart G; EPIDOS Group. Epidemiologie de 
l’Osteoporose Study. Risk factors for fractures of the proximal humerus: 
results from the EPIDOS prospective study. J  Bone Miner Res 2002; 
17:817‑25.

9.	 Seeley  DG, Browner  WS, Nevitt  MC, et  al. Which fractures are 
associated with low appendicular bone mass in elderly women? The 
Study of Osteoporotic Fractures Research Group. Ann Intern Med 1991; 
115:837‑42.

10.	Lauritzen JB, Schwarz P, Lund B, McNair P, Transbøl I. Changing incidence 
and residual lifetime risk of common osteoporosis‑related fractures. 
Osteoporos Int 1993; 3:127‑32.

11.	Aggarwal S, Bali K, Dhillon MS, Kumar V, Mootha AK. Displaced proximal 
humeral fractures: an Indian experience with locking plates. J Orthop Surg 
Res 2010; 5:60.

12.	Key Demographic Trends. Census of Singapore Population 2010. Available 
at: www.singstat.gov.sg. Accessed November 8, 2012.

13.	Szyszkowitz R, Seggl W, Schleifer P, Cundy PJ. Proximal humeral fractures. 
Management techniques and expected results. Clin Orthop Relat Res 1993; 
13‑25.

14.	Hintermann B, Trouillier HH, Schäfer D. Rigid internal fixation of fractures 
of the proximal humerus in older patients. J Bone Joint Surg Br 2000; 
82:1107‑12.

15.	Misra A, Kapur R, Maffulli N. Complex proximal humeral fractures in 
adults‑‑a systematic review of management. Injury 2001; 32:363‑72.

16.	Resch H. Proximal humeral fractures: current controversies. J Shoulder 
Elbow Surg 2011; 20:827‑32.

17.	Apivatthakakul  T, Arpornchayanon O, Bavornratanavech  S. Minimally 
invasive plate osteosynthesis  (MIPO) of the humeral shaft fracture. Is 
it possible? A cadaveric study and preliminary report. Injury 2005;  
36:530‑8.

18.	Lau  TW, Leung  F, Chan  CF, Chow  SP. Minimally invasive plate 
osteosynthesis in the treatment of proximal humeral fracture. Int Orthop 
2007; 31:657‑64.

19.	Rancan M, Dietrich M, Lamdark T, Can U, Platz A. Minimally invasive long 
PHILOS®‑plate osteosynthesis in metadiaphyseal fractures of the proximal 
humerus. Injury 2010; 41:1277‑83.

20.	Brunner A, Thormann S, Babst R. Minimally invasive percutaneous plating 
of proximal humerus shaft fractures with the Proximal Humerus Internal 
Locking System (PHILOS). J Shoulder Elbow Surg 2012; 21:1056‑63.

21.	Modi CS, Nnene CO, Godsiff SP, Esler CN. Axillary artery injury secondary 
to displaced proximal humeral fractures: a report of two cases. J Orthop 
Surg (Hong Kong) 2008; 16:243‑6.

22.	Mouzopoulos G, Lassanianos N, Mouzopoulos D, Tzurbakis M, Georgilas I. 
Axillary artery injury associated with proximal humerus fractures. Vasa 
2008; 37:274‑7.

23.	Visser CP, Coene LN, Brand R, Tavy DL. Nerve lesions in proximal humeral 
fractures. J Shoulder Elbow Surg 2001; 10:421‑7.

24.	Nam D, Kepler CK, Neviaser AS, et al. Reverse total shoulder arthroplasty: 
current concepts, results, and component wear analysis. J Bone Joint Surg 
Am 2010; 92 Suppl 2:23‑35.

25.	Garrigues GE, Johnston PS, Pepe MD, et al. Hemiarthroplasty versus reverse 
total shoulder arthroplasty for acute proximal humerus fractures in elderly 
patients. Orthopedics 2012; 35:e703‑8.

26.	Reitman  RD,  Kerzhner  E. Reverse shoulder arthoplasty as treatment 
for comminuted proximal humeral fractures in elderly patients. Am J 
Orthop (Belle Mead NJ) 2011; 40:458‑61.

27.	Saltzman MD, Marecek GS,  Edwards SL, Kalainov DM.  Infection after 
shoulder surgery. J Am Acad Orthop Surg 2011; 19:208‑18.


