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ABSTRACT

Objective:  The main surgical approach in proximal humeral fractures 
is the deltopectoral approach. Many surgeons avoid the anterolateral 
approach, fearing its complications, especially axillary nerve injury. 
The objective of this study is to evaluate shoulder function and 
complications in patients with proximal humeral fractures treated 
using an anterolateral approach with direct observation of the 
axillary nerve. Methods: Retrospective study with postoperative 
radiological and functional evaluations (Constant and DASH scores) 
and review of the complications. The associations between fracture 
classification and the difference in Constant scores among the 
subjects and the final angle of consolidation were analyzed using 
Fisher’s test or analysis of variance (ANOVA). The Constant scores 
were compared among the shoulders using the paired t-test. Results: 
The study evaluated 35 patients. Shoulder function was decreased, 
compared with the contralateral side (p<0.005). The only factor 
related to functional worsening was the Neer IV fracture. The main 
complication was malunion. There were no clinical changes related 
to the axillary nerve. Conclusion: The treatment using the extended 
anterolateral approach produced good functional results, although 
the function was decreased (Neer IV fractures). The main compli-
cation was malunion. There were no side effects due to exposure 
of the axillary nerve. Level of evidence III, Retrospective Study. 

Keywords: Humeral Fractures, Surgery, Complications, Osteo-
synthesis fracture.

RESUMO

Objetivo: A via de acesso mais utilizada na osteossíntese das 
fraturas de úmero proximal é a deltopeitoral. A via anterolateral sofre 
resistência, pois muitos temem suas complicações, principalmente 
lesão do nervo axilar. Objetivo é avaliar a função do ombro e as 
complicações nas fraturas de úmero proximal, tratados pela via 
anterolateral com observação direta do nervo axilar. Métodos: Es-
tudo retrospectivo com avaliação radiológica e funcional (Constant 
e DASH scores) pós-operatórios e complicações. A associação 
entre a classificação da fratura e a diferença dos escores entre os 
membros, bem como o ângulo final de consolidação, foram anali-
sados pelo Teste de Fisher ou Anova. A comparação dos escores 
Constant entre os membros foi conduzida pelo teste t pareado. 
Resultados: foram avaliados 35 pacientes. Houve diminuição da 
função do ombro em relação ao contralateral (p<0,005). O único 
fator relacionado à piora funcional foi fratura Neer IV. A principal 
complicação foi consolidação viciosa. Não se observou alterações 
clínicas relacionadas ao nervo axilar. Conclusão: A osteossíntese 
das fraturas do úmero proximal realizada pela via de acesso 
anterolateral estendida, apesar da diminuição da função do ombro 
(fraturas Neer IV), evoluiu com bom resultado funcional e mostrou-
-se segura na proteção do nervo axilar. Nível de evidência III, 
Estudo Retrospectivo. 

Descritores: Fixação interna de fraturas, fraturas do úmero proximal, 
complicações, cirurgia.

INTRODUCTION

Fractures of the proximal humerus are more prevalent in elderly 
patients with osteoporosis, and the incidence of these lesions has 
increased with the aging population.1 Neer classified fractures of the 
humerus based on the deviation of the fragments. Fractures in two 
to four parts are preferably treated with osteosynthesis when they 

require surgical treatment.2 For fractures affecting the humeral head 
or fractures in four parts associated with osteoporosis and advanced 
age, arthroplasty may be the surgical treatment of choice.2,3

Osteosynthesis underwent a major evolution with the introduction of 
fixed-angle locking plates, which provide better fracture stabilisation 
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in osteoporotic bones compared with conventional plates and have 
become the implant of choice in osteosynthesis.1

The approach most commonly used for the surgical treatment of 
proximal humerus fractures is the deltopectoral approach due to 
its ease and reduced proximity to the axillary nerve.1,4 Gardner 
described the anterolateral approach for proximal humerus frac-
tures.5 It is performed between the anterior and middle portions of 
the deltoid, with better exposure of the lateral humerus. Therefore, 
the anterolateral approach provides better access to the greater 
tuberosity and the lateral side of the humerus, which facilitates 
placement of the locking plate as the implant has a fixed angle.5 
The major risk of the anterolateral approach is damaging the axillary 
nerve, which runs perpendicular to the humerus, located 5 cm above 
the acromion. Therefore, the axillary nerve must be dissected when 
this approach is used.6–8

There are numerous articles on the minimally invasive plate osteo-
synthesis (MIPO) technique using the anterolateral approach, without 
axillary nerve isolation, with good functional results.4,9 However, few 
studies have evaluated the safety and function of the shoulder in 
proximal humeral fractures treated surgically with a locking plate 
via the anterolateral approach with direct axillary nerve isolation.5,10

Therefore, this study evaluated the function of shoulders with proximal 
humeral fractures treated with osteosynthesis with a locking plate via 
the extended anterolateral approach and examined its complications. 

MATERIALS AND METHODS

This study was approved by the local ethics committee (approval 
no. 41229014.2.0000.5404). 
This retrospective study enrolled patients with proximal humeral 
fractures classified as Neer 2, 3, or 4 requiring surgical treatment. 
Patients were excluded if they had fractures associated with dislo-
cations, opposite shoulder injuries that did not allow comparison, 
or fractures with indications for arthroplasty, or if they refused to 
participate in the study. All participants have signed a consent form.
Osteosynthesis was performed with a locking plate via the extended 
anterolateral approach. The patients were positioned in a beach 
chair. A 10-cm incision was made, beginning at the anterolateral 
edge of the acromion and extending distally parallel to the axis of the 
diaphysis. (Figure 1) The anterior and middle portions of the deltoid 
were separated by blunt dissection, the axillary nerve was identified 
and protected, and the plate was placed below it. (Figure 2)
The bone consolidation and angulation were evaluated with radio-
graphs from three views using the reference values described by 
Sohn et al.,11,12 including the true anteroposterior view (20° of external 
rotation) for evaluating the head–shaft angle and the axillary view 
for evaluating anteroposterior angulation. A varus deformity was 
defined as an angle of less than 120°, and a valgus deformity was 
defined as an angle greater than 140°. The anterior or posterior tilt of 
the humeral head was evaluated in the axillary view. Positive values 
exceeding 5° were considered anterior tilt, and negative values ​​
exceeding 5° were considered posterior tilt. Values ​​between –5° 
and +5° were considered adequate. (Figure 3) The reduction of the 
greater tuberosity was assessed by measuring the distance between 
the articular surface and the lateral superior aspect of this structure. 
The height of the plate was evaluated by measuring the distance from 
the upper border of the greater tuberosity and the apex of the plate. 
(Figure 3) The consolidation was considered complete when there 
was callus formation in all three views. The radiographic evaluation 
was performed independently by two independent surgeons who 
met to resolve any discrepancy in the evaluations.
Shoulder function was evaluated using the Constant and DASH 
scores.13 The scores of the operated and contralateral sides were 
compared. The axillary nerve function was evaluated by testing 

sensation in its dermatome. The evaluations were performed at 
least 12 months postoperatively.
 Factors that could affect shoulder function in these patients were 
evaluated using multiple linear regression with the stepwise method. 
The following variables were included in the model: age, gender, 
fracture classification, affected side, fracture consolidation angle, 
plaque height and osteonecrosis, and Constant and Dash scores. 
The fracture classification was treated as a dummy variable. The 
significance criterion for entering a variable in the model was 5% 
in the F-test, and it was 5.1% significance for its removal. The 
associations between the fracture classification and the difference 
in the Constant scores among the subjects and the final angle 
of consolidation were analysed using Fisher’s test or analysis of 
variance (ANOVA). The Constant scores were compared between 
the limbs using the paired t-test. All analyses were conducted in 
PASW Statistics 18.0 (SPSS, Chicago, USA), and a significance 
level of 5% (P<0.05) was adopted.

Figure 1. Antero lateral Skin Incision.

Figure 2. Final plate position.
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RESULTS 

We evaluated 45 patients. Ten patients were excluded after they 
were lost to follow up. There was a predominance of females (54%). 
The mean patient age was 53.6±16.9 years. The left side (57%) 
was most commonly affected. The dominant side was the right in 
97% of the cases.
Of the patients analysed, 11, 13, and 11 were classified as Neer IV, 
III, and II fractures, respectively. The mean follow-up period was 
31.1±20.3 months. Consolidation occurred at an average of 3.1±1.1 
months. There was no case of pseudarthrosis. Table 1 summarises 
the patients’ demographic data.
The final postoperative radiological evaluation showed a head–
shaft angle of 133.4±10.1°, and the anteroposterior angulation was 
–8.34±11.23°. The greater tuberosity was 0.93±5.19 mm below 
the articular surface, and the plate was 8.7±5.19 mm below the 
apex of the greater tuberosity. (Table 2) The cases of malunion 
(14 cases/40%) involved valgus (3 cases/8.6%), varus (2 cas-
es/5.7%), posterior deviation (12 cases/34.3%), or anterior deviation 
(1 case/2.9%). There was no statistical relationship between post-
operative angulation and type of fracture. (Table 2) The reduction 
of the greater tuberosity was adequate in 75% of the cases (Neer III 
and IV fractures) and the plate height was adequate in 91.4% (one 
case developed impingement and required plate removal). There 
was no statistical difference in the quality of tuberosity reduction or 
plate height among the different fracture types. (Table 3)
In one case, the intra-articular screw migrated secondary to os-
teonecrosis, and the implant was removed. There were no cases 
involving joint screws in the immediate postoperative period. 

Figure 3. Head-Shaft angle (A) ; Anteroposterior tilt(B); Plate Height (C1); Greater Tuberosity Reduction (C2).

Table 1. Demographic characteristics of patients.
Variable Value

Age [Mean (± SD)] (years) 53.6±16.9
Consolidation time [mean (±SD)] (months) 3.1±1.0

Follow-up time [mean (± SD] (months) 31.1±20.3
Gender [No. (%)]

Male 16 (45.7%)
Female 19 (54.3%)

Neer Classification [Number. (%)]

II 11 (31.4%)
III 13 (37.2%)
IV 11 (31.4%)

Side [Number. (%)]

Right 15 (42.9%)
Left 20 (57.1%)

Dominant side [No. (%)]

Right 34 (97.1%)
Left 1 (2.9%)

Table 2. Numerical variables (mean ± SD; median [min-max]).

All cases
Neer classification

p-value
Type II Type III Type IV

Head-Shaft angle (o)
133,4 ± 10,1

135 [94 – 156]
134,6 ± 5,1

136 [125 – 142]
132,6 ± 9,4

135 [111 – 148]
133,2 ± 14,7

135 [94 – 156]
0,924 a

Anterior/posterior ang (o)
-8,34 ± 11,23

-3 [-38 – 8]
-6,91 ± 11,42

-3 [-28 – 5]
-7,69 ± 12,73

-2 [-38 – 8]
-10,55 ± 9,78

-4 [-24 – 0]
0,375 a

Major tuberosity reduction (mm)
-0,93 ± 4,05

0 [-9 – 8]
NA

-0,59 ± 3,07
0 [-8 – 3,8]

-1,34 ± 5,11
0 [-9 – 8]

0,664 b

Plate height (mm)
-8,70 ± 5,19
-9,7 [-20 – 2]

-9,91 ± 3,37
-10 [-16,4 – -5,03]

-9,55 ± 6,38
-10,8 [-20 – 2]

-8,70 ± 5,19
-9,7 [-20 – 2]

0,231 b

a Kruskal-Wallis test; b ANOVA.

One patient developed a superficial infection that was treated with 
oral antibiotics. Partial osteonecrosis of the humeral head occurred 
in two patients (one each Neer III and IV). However, neither patient 
required arthroplasty. In one case, the implant was removed. No 
patients had decreased sensation in the dermatome corresponding 
to the axillary nerve.
The mean Constant and DASH scores were 72.1±16.2 and 12.1±15.7, 
respectively. The functional evaluation showed a significant 

A B C
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(P<0.005) decrease in the Constant score relative to the contralateral 
limb (Constant 85.8±6.1).
In the multiple linear regression analysis, Neer IV fractures explained 
30.7% (P=0.001) and 17.9% (P=0.013) of the variation in the Constant 
and DASH scores, respectively. Age, sex, affected side, occurrence 
of osteonecrosis, fracture consolidation angle, and plate height were 
not significantly associated with these scores. The presence of a 
Neer IV fracture led to a 19 point decrease in the Constant score 
(P=0.001) and a 13.6 point increase in the Dash score (P=0.013) 
postoperatively. (Table 4)

DISCUSSION

The incidence of proximal humerus fractures has increased in 
recent decades with the increasing elderly population. Consistent 
with the literature, we observed a higher incidence of fractures in 
patients over 50 years and in women.14

Consolidation with a change in the head–shaft angle occurred in 
15% of the patients in comparison with a reported incidence of 
0–21%.15–17 However, we observed a greater frequency of valgus 
than varus consolidation. The postoperative varus collapse of the 
humeral head in patients undergoing osteosynthesis with a locking 

plate is related to both medial comminution of the humerus and to 
the absence of screw placement in the humeral calcar region.11,17,18 
Therefore, we believe that we observed less varus consolidation 
compared with most reports in the literature because of our routine 
use of inferior screws in the humeral head, which was our practice 
even when it was necessary to put the plate more inferiorly. Metha 
et al. observed greater biomechanical stability with the plates placed 
more inferiorly,18 which also resulted in a lower incidence of secondary 
impingement compared with most reports in the literature.19 The 
higher incidence of valgus consolidation may also have occurred 
because reduction with a greater cervical–diaphyseal angle was 
used to facilitate the placement of the medial and inferior screws in 
the head, as we did not use implants with polyaxial screws.20

There were 12 cases of consolidation with posterior deviation of the 
head. The evaluation of postoperative anteversion / retroversion in 
proximal humerus fractures is poorly described in the literature. How-
ever, our results are similar to those using the anterolateral approach 
using the MIPO technique or the deltopectoral approach, and we 
relied on the posterior/anterior tilt of the humeral head as a means 
of evaluating the cephalic version in the axillary radiological view.11,12 
The reduction of the greater tuberosity was above the surface of 
the humeral head in six patients (25%) with Neer III and IV frac-
tures. However, two cases were secondary to humeral head varus 
consolidation. Therefore, adequate reduction of the tuberosity was 
achieved in 83.3% of our cases. Malunion of the greater tuberosity 
should be avoided, as it may lead to secondary impingement and 
decreased shoulder function.12

In agreement with the literature, there was no statistical difference 
in the postoperative angulation according to the type of fracture as 
classified by Neer.12,19 However, the anatomical reduction of proximal 
humerus fractures remains challenging, regardless of the approach, 
and functional worsening of the shoulder occurs when reduction is 
not attained.19Arthroplasty may be an option for elderly osteoporotic 
patients in whom adequate fracture reduction cannot be achieved.12

The reported incidence of osteonecrosis secondary to proximal 
humeral fracture ranges from 0 to 68%.9 There is a positive cor-
relation between fracture type (Neer IV) and an increased chance 
of progression to osteonecrosis.11 Partial humeral head necrosis 
occurred in two of our patients (one each Neer IV and III). However, 
there was no correlation between the presence of osteonecrosis 
and a worse functional outcome. Head collapse and migration of 
the screw to the articular region result in a worse prognosis, but 
this occurred in only one patient, which could explain the absence 
of the influence of osteonecrosis on the functional evolution. 
However, our mean follow-up time was 31 months, and some 
authors report that the evolution to osteonecrosis occurred 36 
months after treatment.9 Another limitation of the study was that 
it did not evaluate the influence of the Hertel criteria or medial 
comminution on osteonecrosis.
Pseudarthrosis has an incidence of 1–10%, which is influenced 
by the type of fracture and smoking.19 We did not observe 
any pseudarthrosis.

Table 3. Categorical variables (frequency).

All cases 
(n=35)

Neer classification
p-valueType II 

(n=11)
Type III 
(n=13)

Type IV 
(n=11)

Head-Shaft angle

0.908
Varus (< 120o) 5.7% (2/35) 0% (0/11) 7.7% (1/13) 9.1% (1/11)

Normal (120o to 140o)
85.7% 
(30/35)

90.9% 
(10/11)

84.6% 
(11/13)

81.8% 
(9/11)

Valgus (> 140o) 8.6% (3/35) 9.1% (1/11) 7.7% (1/13) 9.1% (1/11)

Anterior/posterior 
angulation

0.628
Posterior (< -5o)

34.3% 
(12/35)

27.3% 
(3/11)

30.8% 
(4/13)

45.5% 
(5/11)

Normal (-5o to +5o)
62.9% 
(22/35)

72.7% 
(8/11)

61.5% 
(8/13)

54.5% 
(6/11)

Anterior (> +5o) 2.9% (1/35) 0% (0/11) 7.7% (1/13) 0% (0/11)

Greater tuberosity 
reduction

0.647Below
45.8% 
(11/24)

NA
46.2% 
(6/13)

45.5% 
(5/11)

Same or above
54.2% 
(13/24)

NA
53.8% 
(7/13)

54.5% 
(6/11)

Plate height

0.406
Below

91.4% 
(32/35)

100% 
(11/11)

84.6% 
(11/13)

90.9% 
(10/11)

Same or above 8.6% (3/35) 0% (0/11)
15.4% 
(2/13)

9.1% (1/11)

Table 4. Multiple linear regression results.

Dependent Variable Predictor
Regression Coefficient 
- Not standardised (B)

Regression 
Coefficient -  

Standardised (Beta)
p-Value IC 95% (B)

Variance explained 
by the predictor (%) 

R2

 Constant Scores 
(operated shoulder)

Constant value 78.6 < 0.001 72.7 a 84.4
30.7 0.307Neer Classification 

(IV/others)
-19.0 -0.55 0.001 -29.3 a -8.7

 DASH Score 
(operated shoulder)

Constant value 7.0 0.024 1.0 a 12.9
17.9 0.179Neer Classification 

(IV/others)
13.6 0.42 0.013 3.1 a 24.09
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In one patient (2%), migration of a screw into the joint progressed 
to osteonecrosis, requiring removal. Joint penetration by a screw is 
one of the main complications in the treatment of proximal humeral 
fractures with a locking plate, with a reported incidence of 1–13%. 
Penetration may be related to inadequate intraoperative positioning 
or may be secondary to humeral head collapse due to osteonecrosis 
or varus consolidation.18

There were no postoperative neurological changes. Theoretically, 
the anterolateral approach poses a greater risk to the axillary nerve. 
However, studies susing the MIPO technique did not observe 
damage to this structure.12 

With the MIPO technique, there is no direct approach to or isolation 
of the axillary nerve. However, the use of the last two proximal rows in 
the plate should be avoided because of their proximity to the nerve.18 
Gardner pioneered the use of an anterolateral approach with direct 
exposure of the axillary nerve and did not observe iatrogenic injury 
of this structure. This approach has the advantage of using all the 
screws, as the nerve is isolated. The use of the inferior screw in the 
calcar region adds mechanical stability to the fracture, preventing 
collapse of the humeral head.18 As reported by Gardner, we observed 
no axillary lesion. Additionally, although we examined the dermatome 
for the axillary nerve only postoperatively, pre- and postoperative elec-
tromyography is the gold standard for evaluating the axillary nerve.16

The functional evaluation was performed using the Constant and 
DASH scores. The average Constant score was 72.1±16.2, which 
reflected significantly reduced function compared with the con-
tralateral shoulder. Numerous studies have shown a decrease 

in shoulder function after osteosynthesis.19 The DASH score was 
12.1±15.7, which is similar to reports in the literature and reflects 
a satisfactory postoperative functional result. The only factor that 
correlated with a worsening of the functional scores was the type 
of fracture: Neer IV fractures were associated with a significant 
worsening of the functional score. In general, four-part fractures are 
associated with rotator cuff involvement and consequent functional 
worsening.12 Our results are in agreement with the literature, although 
the majority of these studies performed the osteosynthesis using 
the deltopectoral approach or MIPO technique.17

Therefore, despite not being a comparative study, our functional 
results and complication rates were similar to those found in studies 
of patients undergoing osteosynthesis of proximal humerus fractures 
with locking plate that used the deltopectoral approach or split 
the deltoid using the MIPO technique. To date, few studies have 
evaluated the extended anterolateral approach in the treatment of 
proximal humerus fractures.14,17 We hope to contribute to knowledge 
in this area by increasing the number of patients surgically treated 
with this approach. A randomised study comparing all approaches 
would be ideal for comparing the results.

CONCLUSION

The treatment of proximal humerus fractures with locking plate using 
the extended anterolateral approach gave good functional results, 
although function was decreased, especially in patients with Neer 
IV fractures. The main complication was malunion. There were no 
side effects due to exposure of the axillary nerve.
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