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Abstract: Background: To compare the effectiveness and safety of the deltopectoral approach with the deltoid-split-
ting approach for proximal humeral fractures treatment. Methods: We retrieved literature published from January 
2002 to July 2016 in the main medical search engines (Medline, PubMed, Embase, Cochrane Library and Wanfang 
Database) for RCTs and non-RCTs comparing the deltoid-splitting approach with the deltopectoral approach for 
proximal humeral fractures treatment. Outcomes include the Constant score, operation time, and intraoperative 
blood loss, as well as the rates of nerve injury, avascular necrosis and non-union. Meta-analyses were performed 
with Cochrane Collaboration’s RevMan 5.0 software. Results: Eight articles with 635 patients were included in this 
meta-analysis. The deltoid-splitting approach and deltopectoral approach were used to treat 299 and 336 patients, 
respectively. Compared with the deltopectoral approach group, the deltoid-splitting approach group were associated 
with better functional scores (SMD=0.46; 95% CI 0.04 to 0.88), reduced operation time (SMD=-0.65; 95% CI -1.09 
to -0.21), less intraoperative blood loss (SMD=-1.66; 95% CI -3.08 to -0.25), and a lower rate of avascular necrosis 
(RR=0.23; 95% CI, 0.08 to 0.64). There was no significant difference in the incidence of nerve injury (RR=4.56; 
95% CI 0.53 to 39.11) and non-union (RR=0.49; 95% CI, 0.13 to 1.92). Conclusion: The deltoid-splitting approach 
technique shows less operative time and blood loss, a lower rate of avascular necrosis and more effective recovery 
of shoulder function for proximal humeral fracture treatment than does the deltopectoral approach technique. 
Moreover, the deltoid-splitting approach dose not increase the risk of nerve injury and non-union. 
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Introduction

Proximal humerus fractures constitute up to 5% 
of all adult fractures [1]. During the past several 
decades, the incidence of these fractures ap- 
pears to be increasing with the increase in the 
proportion of older adults [2]. The treatment of 
proximal humeral fractures remains controver-
sial. Conservative treatment is appropriate for 
most nondisplaced or minimally displaced prox-
imal humeral fractures [3]. Surgery is recom-
mended for displaced and unstable fractures, 
including locking plate, tension band, percuta-
neous K-Wire, intramedullary nails and hemiar-
throplasty replacement [4]. Of these surgical 
techniques, internal fixation is the most com-

monly used technique for the majority of 
fractures.

Historically, the deltopectoral approach was the 
most common approach for plate fixation of 
proximal humeral fractures. The deltopectoral 
approach is sometimes associated with soft  
tissue injury and impaired blood supply to the 
proximal humerus [5]. This approach provides 
only limited access to the posterolateral aspect 
of the shoulder and the view of a retracted 
greater tuberosity fragment in this area may be 
restricted. As an alternative, the deltoid-split-
ting approach can provide good visualisation of 
the posterolateral aspect of the shoulder joint 
without extensive soft tissue dissection or fo- 
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rcible retraction [6]. The deltoid-splitting ap- 
proach can reduce the postoperative complica-
tions and promote functional recovery of the 
shoulder postoperatively. However, according 
to some studies, the deltoid-splitting approach 
may injury the anterior branch of the axillary 
nerve [7]. Thus far, only few studies have direct-
ly compared the long-term results of deltopec-
toral versus deltoid-splitting approaches for the 
treatment of proximal humeral fractures and 
clear differences could not be established with 
respect to shoulder function, patient satisfac-
tion, and complication rates.

In this study, we perform a meta-analysis of the 
included studies to evaluate clinical results 
comparing the deltoid-splitting approach with 
the deltopectoral approach for the treatment of 
proximal humeral fractures. We combine the 
data from all available studies to access the 
best evidence currently.

Materials and methods

Search strategy

We perform a search of the literature on proxi-
mal humeral fracture published from January 
2002 to July 2016 in Medline, PubMed, 

intraoperative blood loss, Constant score and 
complication rate; and (5) at least twelve 
months of follow-up. Studies are excluded if the 
studies contain (1) conservative treatment 
data, or (2) open fractures.

Data extraction

Search result screening and data extraction are 
conducted by two independent reviewers, and 
the corresponding authors of these studies are 
consulted to gain complete data when neces-
sary. The data extracted are participant sample 
size and characteristics, the tests used and 
results. 

Statistical analysis

Study data are pooled together and analysed 
with Cochrane Collaboration’s RevMan 5.0 
software. Relative risk (RR) with 95% confi-
dence intervals (CIs) is calculated for dichoto-
mous outcomes. Continuous data are sum-
marised using the standard mean differences 
(SMD) and respective 95% confidence intervals 
(95% CI). Heterogeneity among studies is evalu-
ated by Cochran’s Q-statistic and I2 parameter 
testing. Additionally, P<0.05 or I2>50% is con-
sidered to indicate a heterogeneous nature. 

Figure 1. Flow chart.

Embase, Cochrane library and 
Wanfang Database. The se- 
arch for pertinent studies is 
conducted with the following 
terms: ‘proximal humeral frac-
ture’, ‘deltoid-splitting approa- 
ch’, ‘deltopectoral approach’, 
‘ORIF’, and ‘Minimally inva-
sive’. No language is restrict-
ed. The search process is 
shown in Figure 1. Only stud-
ies performed on adult popu-
lations is included. 

Inclusion and exclusion 
criteria

Studies are included in the 
meta-analysis if they met the 
following criteria: (1) published 
RCTs and non-RCTs on proxi-
mal humeral fractures; (2) a 
minimum case of 10 patients; 
(3) acute fracture (i.e., within 
14 days after trauma); (4) out-
comes include operation time, 
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When substantial heterogeneity is detected, a 
random-effects model analysis is used. If het-
erogeneity is not detected, the pooled estimate 
is presented in the fixed effect model. Subgroup 
analysis is conducted to find the source, if pos-
sible, under significant heterogeneity.

Assessment of methodological quality and 
publication bias

The modified Jadad scale is applied to assess 
the quality of RCTs, and a score ≥4 was consid-
ered a high-quality article [8]. For non-RCTs, we 
assess methodological quality using method-
ological index for non-randomised studies 
(MINORS) scale [9].

Possible publication bias regarding to the pri-
mary outcome functional score is evaluated by 
the Begg’s rank correlation test and the Egger’s 
regression test. Both analyses are performed 
using STATA 10.0 software. All statistical tests 
are two-sided, and a P value <0.05 is consid-
ered statistically significant.

Results

A total of 182 potentially relevant articles have 
been selected. By reviewing the abstract and 
the full text, one RCT [10], two prospective com-
parative studies [11, 12] and five retrospective 
cohort studies [6, 13-16] meet the eligibility cri-
teria for the meta-analysis. All studies are pub-
lished in English. Table 1 shows the basal line 
of patient characteristics. The sample size 
ranges from 50 to 120. Buecking 2014 [10] 
reports a low risk of selection bias, as alloca-
tion concealment is based on presealed ran-
domisation envelopes; and this study is not 
blind. The Jadad score is 4. Seven studies that 

included prospective or retrospective compara-
tive studies are assessed with MINORS score. 
Two studies score 20, two scored 19, two 
scored 18, and one scored 16. Two prospective 
comparative studies achieved higher scores 
than others. The follow-up period ranges from 
12 to 33 months. There is little evidence of 
publication bias regarding primary outcome 
functional score in relation to risk of interven-
tion, as indicated by the Begg’s test (P=1) and 
Egger’s test (P=0.538). Table 2 presents the 
clinical outcomes.

Functional outcomes with Constant score are 
reported in eight studies. As we find significant 
heterogeneity (P<0.00001, I2=85%) between 
studies, a random-effect model is used. The 
Constant scores in the deltoid-splitting app- 
roach group are superior to those in the delto-
pectoral approach group with a significant dif-
ference (SMD=0.46; 95% CI 0.04 to 0.88). A 
subgroup analysis according to RCT and non-
RCT is conducted to find possible heterogene-
ity. The subgroup analysis of the non-RCT group 
has shown better functional recovery in the 
deltoid-splitting approach group (SMD=0.26; 
95% CI 0.08 to 0.43, P=0.80, I2=0%) (Figure 2).

Six studies with 515 patients report data on 
operative time. The overall outcomes are based 
on a random-effect model when significant het-
erogeneity is found (P<0.0001, I2=83%). 
Comparing with the deltopectoral approach, 
the deltoid-splitting approach can significantly 
decrease the operative time (SMD=-0.65; 95% 
CI -1.09 to -0.21). A subgroup analysis accord-
ing to RCT and non-RCT is carried out. The sub-
group analysis of the non-RCT group has shown 
better functional recovery in the deltoid-split-

Table 1. Characteristics of included studies

Study Study 
design

No. of 
patients

Mean age 
(years) Sex (M/F) Mean 

Follow-up 
(months)

Fracture type

Quality  
assessment 

score
DS DP DS DP DS DP Jadad Minors

Hepp 2008 P 39 44 64 65.5 12/27 7/37 12 Neer: Two part, three part and four part - 20

Wu 2010 R 28 32 58.6 57.7 9/19 6/26 32.4 AO/ASIF: A, B, C - 18

Martetschläger 2012 R 37 33 59 56 13/24 21/12 33 Neer: Two part, three part and four part - 19

Buecking 2014 RCT 60 60 69 67 12/48 16/44 12 Neer: Two part, three part and four part 4 -

Lin 2014 R 43 43 63 61 16/27 12/31 >12 AO/ASIF: A, B, C - 16

Liu 2015 R 39 52 60.2 61.7 17/22 25/27 24 Neer: Two part, three part and four part - 19

Liu 2016 R 33 42 50.3 52.1 12/21 16/26 14.2 Neer: type II, type III - 18

Fischer 2016 P 20 30 57.6 60.6 6/14 10/20 21.5 AO/ASIF: A, B, C - 20
RCT: Randomized controlled trial; P: Prospective comparative study; R: Retrospective cohort study; DS: Deltoid-splitting approach; DP: Deltopectoral approach.
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ting approach group (SMD=-0.49; 95% CI -0.84 
to -0.14, P=0.02, I2=66%) (Figure 3).

Intraoperative blood loss is accessed across 
four studies. A random-effect model is used 
when there is significant heterogeneity 
(P<0.00001, I2=96%). We find lower intraopera-
tive blood loss in the deltoid-splitting approach 
group than in the deltopectoral approach group 
(SMD=-1.66; 95% CI -3.08 to -0.25) (Figure 4). 

Eight studies provide data on nerve injury 
resulting from the deltoid-splitting approach or 
deltopectoral approach, including 3 of 299 and 
0 of 336, respectively. No significant differenc-
es are found between the two groups (RR=4.56; 
95% CI 0.53 to 39.11; P=0.74, I2=0%). A sub-
group analysis according to RCT and non-RCT is 
carried out. The subgroup analysis of the non-
RCT group has shown no significant difference 

between the two interventions (RR=4.56; 95% 
CI 0.53 to 39.11; P=0.74, I2=0%) (Figure 5).

Seven studies provide data on the rate of avas-
cular necrosis. Pooled results show that the 
rate in the deltopectoral approach group is sig-
nificantly higher than that in the deltoid-split-
ting approach group (6.1% vs. 0.8%, respective-
ly; RR=0.23; 95% CI, 0.08 to 0.64; P=0.97, 
I2=0). A subgroup analysis according to RCT 
and non-RCT is carried out. The subgroup anal-
ysis of the non-RCT group has shown a higher 
rate of avascular necrosis in the deltopectoral 
approach group (RR=0.23; 95% CI, 0.08 to 
0.64; P=0.97, I2=0) (Figure 6). 

Six studies report data on the rate of non-union. 
There is no significant heterogeneity (P=0.80, 
I2=0). This study uses a fixed-effect model, and 
no significant difference is found between the 

Table 2. Outcomes of included studies

Study
Operative time (minutes) Blood loss (ml) Constant score Nerve 

injury AVN Nonunion

DS DP DS DP DS DP DS DP DS DP DS DP
Hepp 2008 66.5±17.8 85.9±28.1 NR NR 81±22.3 73.1±13.6 0 0 1 3 NR NR
Wu 2010 123.8±39.6 114.6±31.3 121.1±68.5 137.6±101.7 78.3±11.0 76.9±13.1 0 0 0 3 1 1
Martetschläger 2012 NR NR NR NR 75.1±17.5 72.8±19.6 0 0 1 6 1 1
Buecking 2014 62±2.9 67±3.8 NR NR 81±3.8 73±4.9 0 0 0 0 NR NR
Lin 2014 71.0±8.7 79.0±11.7 126.0±54.8 213.0±68.4 72.5±12 71.2±14 1 0 NR NR 0 0
Liu 2015 81.8±18.3 91.0±18.4 172±54.2 205±73.6 81.0±5.0 79.2±7.6 0 0 0 1 0 1
Liu 2016 50.60±12.18 58.84±16.22 130.20±20.07 326.28±50.80 86.7±6.06 81.8±11.82 2 0 0 4 0 3
Fischer 2016 NR NR NR NR 81.6±16.1 76.3±18.6 0 0 0 1 0 0
NR: Not reported; D-S: Deltoid-split approach; D-P: Deltopectoral approach.

Figure 2. Meta-analysis of Constant score. 
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Figure 3. Meta-analysis of operative time. 

Figure 4. Meta-analysis of intraoperative blood loss. 

Figure 5. Meta-analysis of rate of nerve injury.
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deltoid-splitting approach group and deltopec-
toral approach group regarding the rate of non-
union (RR=0.49; 95% CI, 0.13 to 1.92) (Figure 
7). 

Other identified outcomes are insufficient for 
this meta-analysis. For example, Liu 2016 
reports a significantly shorter length of incision 
in the deltoid-splitting approach group. Hepp 
2008 finds no significant difference in pain, 
activities of daily living, power and DASH score 
between groups. 

Discussion

To our knowledge, this is the first systematic 
review and meta-analysis comparing the delto-
pectoral approach with the deltoid-splitting 
approach for the treatment of proximal humer- 
al fractures. A total of 565 patients from sev- 
en studies are included in this meta-analysis. 
Compared with the deltopectoral approach, the 
deltoid-splitting approach is associated with 
better functional score, less operation time and 
intraoperative blood loss, and lower rate of 
avascular necrosis. There is no significant dif-
ference in the incidence of nerve injury and 
non-union.

One RCT, two PCTs and five CCTs meet the 
inclusion criteria of meta-analysis and have 

been published since 2008. All included stud-
ies show comparable baseline data without 
providing the intention to treat analysis. When 
pooled results show significant heterogeneity, a 
subgroup analysis according to RCT and non-
RCT is performed in this paper to determine the 
possible source. 

Currently, the deltopectoral approach is widely 
used as a standard ‘workhorse’ [17]. Using this 
approach, surgeons benefit from the excellent 
exposure of the anterior structures, including 
the humeral head and lesser tuberosity. The 
lack of a need to dissect any vascular struc-
tures and no risk to the axillary nerve make this 
approach popular with most orthopaedic sur-
geons [18]. However, excessive soft tissue 
stripping destroys the local blood supply and 
integrity of the deltoid, which may increase the 
risk of avascular necrosis and restrict postop-
erative functional recovery [19]. Moreover, 
more difficult visualisation of greater tuberosity 
fragment has been noted. 

The deltoid-splitting approach offers an alter-
native option for proximal humeral fracture fixa-
tion, as it provides more direct visualisation of 
the greater tuberosity fragment with less soft 
tissue dissection and periosteal stripping [20]. 
Gardner et al [5] concludes that plating through 

Figure 6. Meta-analysis of rate of avascular necrosis. 
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a minimally invasive anterolateral acromial 
approach allows direct access to the appropri-
ate plating zone, a bare spot between the 
humeral head-penetrating vessels from the 
anterior and posterior circumflex system. In our 
meta-analysis, the deltoid-splitting approach 
seems superior to the deltopectoral approach 
with less operation time and intraoperative 
blood loss. Explicit exposure and convenient 
surgery result in decreased surgery duration 
and blood loss, as shown in our meta-analysis.

Functional outcomes are evaluated with Co- 
nstant score. The analysis of Constant score 
has shown better functional recovery in the 
deltoid-splitting approach group, and the resu- 
lt is consistent with subgroup analysis in the 
non-RCT group. Hepp et al [11] hypothesised 
that more extensive dissection and the resul-
tant more extensive scar in the deltoid muscle 
produced more deltoid atrophy in the deltopec-
toral approach than in the mini-open repair 
group. Moreover, the deltoid-splitting approach 
is able to distinctly expose the displaced great-
er tuberosity, thereby facilitating reduction and 
fixation with a locking plate. Anatomic reduc-
tion of the greater tuberosity is important for 
the recovery of shoulder function [21]. Liu [15] 
reported a quicker shoulder function recovery 
in the deltoid-splitting approach group. 

The deltoid-splitting approach has the potential 
risk of causing injury to the anterior branch of 
the axillary nerve during the muscle splitting 
[10]. Several anatomical studies report that the 
axillary nerve proceeds in a predictable way 
[22, 23]. Apaydin et al [24] finds the distance 
from the nerve to the tip of the acromion is 
approximately 5-7 cm. Therefore, the current 
opinion agrees with Smith et al [25] that the 

approach is a safe choice when correctly imple-
mented with palpating or visualising the nerve 
before plate insertion and using the longer 
5-hole PHILOS plate to insert the screws a cer-
tain distance above and below the lateral 
branch of the axillary nerve. In our meta-analy-
sis, there is no significant difference in the inci-
dence of nerve injury between the deltopec-
toral approach with deltoid-splitting approach. 
The deltoid-splitting approach requires familiar-
ity with the anatomy of the proximal humerus 
and much more experience. Although the 
approach theoretically places fewer anatomic 
structures at risk for iatrogenic injury, care 
must be taken to avoid over-retraction and soft-
tissue injury while performing this exposure.

Decreased soft tissue stripping favours the 
blood supply of local tissue, which is also impor-
tant for successful clinical outcome [26]. In our 
meta-analysis, the deltopectoral approach 
group reports a higher rate of avascular necro-
sis after locking plate osteosynthesis com-
pared with the deltoid-splitting approach tech-
nique. It is concluded that the deltoid-splitting 
approach is more protective of the blood supply 
of the humeral head. 

Although satisfactory operative results (better 
functional score, less operation time and intra-
operative blood loss) and low rate of avascular 
necrosis are achieved with the deltoid-splitting 
approach, it should be noted that not all proxi-
mal humeral fractures are suited for this inci-
sion. This approach is unable to distinctly 
expose the anteromedial region of the proximal 
humerus in the 4-part fracture with displace-
ment and separation of lesser tuberosities and 
medial cortex, making it difficult to reconstruct 

Figure 7. Meta-analysis of rate of non-union. 
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the medial column [27] and causing severe 
complications, such as malreduction and Var- 
us fracture collapse [28]. Sohn et al [29] recom-. Sohn et al [29] recom-
mends a neck-shaft angle >120° that cannot 
be obtained using the MIPO technique through 
the deltoid-splitting approach for 4-part fractu-
res of the proximal humerus. Despite the 
involvement of 4-part fractures, this meta-anal-
ysis reports satisfactory clinical outcomes in 
the deltoid-splitting approach group. Specific 
subgroup analyses according to different frac-
ture types are required in the future.

Our analysis indicates that the deltoid-splitting 
approach is superior to the deltopectoral 
approach for the treatment of proximal humeral 
fractures. However, this study has several limi-
tations. (1) Only eight reports are included, and 
the sample size of each study is small, which 
would influence the results. (2) Seven non-RCTs 
are included in this meta-analysis; thus, the evi-
dence is lowered. (3) A subgroup analysis 
according to RCT and non-RCT is conducted to 
find possible heterogeneity. Data heterogeneity 
is also from patient population, fracture type 
and outcome measures. (4) Three of the includ-
ed studies reported only the median, range, 
and the size of the trials when we need the 
mean value and the standard deviation to pool 
the data. A simple method was used according 
to Hozo et al [30] to calculate the SDs and cer-
tainly caused data bias. This available method 
widely improved the inclusiveness of all trials 
for the meta-analyses studies, and this bias 
can be lower with large samples.

The systematic review is the first to evaluate 
the safety and efficiency of the deltoid-splitting 
approach compared with those of the deltopec-
toral approach for the treatment of proximal 
humeral fracture. High-quality RCTs and well-
designed studies are still needed to detect 
clinical benefit or other adverse effects in the 
future.

Conclusion

The deltoid-splitting approach technique shows 
less operative time and blood loss, a lower rate 
of avascular necrosis and more effective recov-
ery of shoulder function for the treatment of 
proximal humeral fractures than does the del-
topectoral approach group. Moreover, the del-

toid-splitting approach dose not increase the 
risk of nerve injury and non-union.
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