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Background: Muscular forces drive proximal humeral fracture deformity, yet it is unknown if arm position can help mitigate such forces. 
Our hypothesis was that glenohumeral abduction and humeral internal rotation decrease the pull of the supraspinatus and subscapularis 
muscles, minimizing varus fracture deformity. 
Methods: A medial wedge osteotomy was performed in eight cadaveric shoulders to simulate a two-part fracture. The specimens were test-
ed on a custom shoulder testing system. Humeral head varus was measured following physiologic muscle loading at neutral and 20° hu-
meral internal rotation at both 0° and 20° glenohumeral abduction. 
Results: There was a significant decrease in varus deformity caused by the subscapularis (p<0.05) at 20° abduction. Significantly increasing 
humeral internal rotation decreased varus deformity caused by the subscapularis (p<0.05) at both abduction angles and that caused by the 
supraspinatus (p<0.05) and infraspinatus (p<0.05) at 0° abduction only. 
Conclusions: Postoperative shoulder abduction and internal rotation can be protective against varus failure following proximal humeral 
fracture fixation as these positions decrease tension on the supraspinatus and subscapularis muscles. Use of a resting sling that places the 
shoulder in this position should be considered. 

Keywords: Proximal humeral fracture; Biomechanics; Rotator cuff; Shoulder joint

Original Article
Clin Shoulder Elbow 2022;25(4):282-287
https://doi.org/10.5397/cise.2022.00885

Biomechanical investigation of arm position on deforming 
muscular forces in proximal humerus fractures  
Christen E. Chalmers1, David J. Wright1, Nilay A. Patel1, Hunter Hitchens2, Michelle McGarry3,  
Thay Q. Lee3, John A. Scolaro1  
1Department of Orthopedic Surgery, University of California Irvine, Irvine, CA, USA 
2Cornell University, Ithaca, NY, USA 
3Orthopaedic Biomechanics Laboratory, Congress Medical Foundation, Pasadena, CA, USA

Financial support: This study was funded by a grant from the Foundation for Orthopedic Trauma.
Conflict of interest: None.

Received: February 22, 2022    Revised: April 12, 2022    Accepted: April 28, 2022
Correspondence to: John A. Scolaro 
Department of Orthopedic Surgery, University of California Irvine, 101 The City Drive S Pavilion III, Building 29A Orange, CA 92868, USA 
Tel: +1-714-456-7012, Fax: +1-714-456-7547, E-mail: jscolaro@hs.uci.edu, ORCID: https://orcid.org/0000-0001-7926-5017

INTRODUCTION 

Surgical fixation of proximal humeral fractures remains a clinical 
challenge and an area of ongoing investigation [1,2]. Alternative 
treatment options, including nonoperative management and ar-
throplasty, have been proposed for some fracture patterns and 
patient populations given the challenges experienced with surgi-

cal fracture fixation. Intra-operative techniques to augment fixa-
tion have been extensively explored and implemented to improve 
fracture fixation [3,4]. A paucity of research exists on post-surgi-
cal interventions and rehabilitation protocols that could poten-
tially decrease the rates of fixation failure and malalignment. 

Muscular forces acting on the shoulder have been shown to 
drive fracture deformity [5]. Muscle tension drives initial fracture 
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displacement, counteracts fracture reduction efforts, is present at 
all points following surgery, and has a role in reduction failure. 
Initial work with a two-part proximal humeral fracture model 
demonstrated that the supraspinatus and subscapularis muscles 
are the primary and secondary drivers of varus fracture deformi-
ty with the arm in a neutral position. However, patients are typi-
cally placed in a sling or brace with the arm in variable abduction 
and/or internal rotation during the postoperative period. 

The purpose of this study was to determine if arm position af-
fected the deforming muscular forces of the shoulder. We specifi-
cally sought to identify if humeral abduction or internal rotation 
affected varus deformity. Our hypothesis was that glenohumeral 
abduction would mitigate deformity caused by the superior cuff 
muscles, while internal rotation would decrease varus fracture 
deformity caused by the anterior cuff muscles. 

METHODS 

No Institutional Review Board approval was required for this 
biomechanical laboratory study which did not require patient 
consent or involve patient protected health information. 

Eight fresh-frozen cadaveric shoulder specimens from four fe-
male and four male donors (mean age, 64 years; range 48–72 
years) were used. All subcutaneous tissue and muscle bellies were 
removed from specimens, while the coracoacromial ligament 
and tendinous insertions of the subscapularis, supraspinatus, in-
fraspinatus, teres minor, and deltoid remained intact. A standard 
Krackow locking suture was placed through each tendon using 
No. 2 FiberWire (Arthrex, Naples, FL, USA). The humerus was 
transected 2 cm distal to the deltoid tuberosity, and the proximal 
humerus was disarticulated from the glenoid through the shoul-
der capsule. Rotator cuff repairs had been previously performed 
in some specimens and were evaluated and reinforced, if neces-
sary. In two specimens, a full thickness single rotator cuff muscle 
tear was discovered during dissection. Therefore, an allograft 
tendon was attached via suture anchors to the anatomic foot-
print. 

Next, a two-part fracture (AO/OTA 11A2.2) consisting of a 
head fragment and shaft fragment was created by first making a 
1-cm medial wedge osteotomy in each specimen. The wedge ex-
tended two thirds of the medial-to-lateral diameter of the proxi-
mal humerus just distal to the humeral head articular surface. 
After creation of the medial wedge, the final one third of the os-
teotomy was completed through the lateral cortex in a linear 
fashion to complete the two-part fracture. By preserving cortical 
contact at the lateral aspect of the medial wedge osteotomy, the 
fracture model was able to be anatomically aligned after each 

testing trial. This created a consistent, reproducible starting po-
sition prior to muscle loading. To digitize the position of the hu-
merus in each loading condition, a MicroScribe (Model G; 
Revware Inc., Raleigh, NC, USA) was used. Digitization refer-
ence points included six unicortical screws placed 1.5 cm apart 
on either side of the osteotomy along the lateral cortex of the 
proximal humerus (Fig. 1). One screw was placed in the cora-
coid and two screws were placed in the acromion for use as con-
stant reference points. Finally, two elastic bands were placed 
parallel to each other, around the lateral reference screws adja-
cent to the osteotomy site. The purpose of these bands was to 
maintain stable cortical contact between the proximal and distal 
fragments at the lateral one-third of the osteotomy, while still al-
lowing for motion in all planes between the humeral head and 
shaft. 

Each specimen was mounted with the scapula fixed to a met-
al plate and positioned at 0° abduction and 20° anterior tilt in 
the sagittal plane on a custom, validated shoulder testing sys-
tem (Fig. 2) [6]. The humeral shaft was fixed to an intramedul-
lary rod connected to a 360° goniometer sensor (Novotechnik 
U.S. Inc., Southborough, MA, USA) and secured to a hemi-

Fig. 1. Lateral view of the proximal humerus and digitization refer-
ence screws surrounding osteotomy along the lateral cortex.
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spheric arc that allowed for varying angles of abduction and ro-
tation. Glenoid inclination was measured, and 0° glenohumeral 
abduction was set to match glenoid inclination. Neutral humeral 
axial rotation was set with the humeral head concentrically 
aligned within the glenoid cavity.  

Physiologic muscle loading during testing was simulated using 
braided low-stretch fishing line (Izorline, Paramount, CA, USA) 
tied to the Krakow sutures at the musculotendinous junctions. 
The lines were fed through adjustable pulleys on the shoulder 
testing system, which reproduced the native force vector generat-
ed by each muscle in vivo. To maintain concentric positioning of 
the humeral head, a balanced muscle loading consisting of the 
following loads was applied: subscapularis, 5 N; infraspinatus, 2.5 
N; teres minor, 2.5 N; deltoid, 5 N. Due to the presence of the 
medial wedge, any load applied to the supraspinatus caused the 
humeral head to fall into varus deformity, so the supraspinatus 

was not included in the balanced muscle load. For unbalanced 
individual loading, each muscle was tested by applying an addi-
tional 2.5 N, 5 N, and 7.5 N to the balanced load condition. To 
evaluate the role of glenohumeral abduction and humeral inter-
nal rotation on varus fracture deformity based on shoulder mus-
culature, measurements were performed following muscle load-
ing at neutral and 20° internal rotation and at 0° and 20° gleno-
humeral abduction. 

All measurements were performed twice in all testing condi-
tions, and the average of these values was used in data analysis. 
The primary outcome of this study was impact of glenohumeral 
abduction on the deforming muscular forces contributing to var-
us collapse (Fig. 3). The secondary outcome was impact of hu-
meral internal rotation on varus collapse. A Shapiro-Wilk Nor-
mality test was performed, and the data were deemed not nor-
mal. Thus, a non-parametric Wilcoxon signed-rank test was used 
to compare varus collapse between testing conditions. Data are 
presented as mean ± standard error of the mean. The threshold 
for statistical significance was defined as p < 0.05. 

RESULTS 

Primary Outcome 
At a load of 2.5 N or 5 N, there were no significant differences in 
varus fracture deformity caused by the rotator cuff musculature 
or deltoid when comparing glenohumeral abduction. At a load of 
7.5 N, with the shoulder internally rotated, there was a significant 
decrease in varus fracture deformity caused by the subscapularis 
(13.8° ± 3.1° vs. 12.0° ± 2.2°, p = 0.018). There were no significant 
differences in varus deformity with changing abduction angle 
caused by the infraspinatus, teres minor, supraspinatus, or deltoid 
(Figs. 4-6). 

Secondary Outcomes 
At a load of 2.5 N, humeral internal rotation significantly de-
creased varus fracture deformity caused by the supraspinatus 
(13.6° ± 3.5° vs. 6.9° ± 2.8° varus deformity, p = 0.021) and infra-
spinatus (9.5° ± 3.3° vs. 5.1° ± 2.6° varus deformity, p = 0.036) at 0° 
glenohumeral abduction but not at 20° glenohumeral abduction. 
Alternatively, at 20° glenohumeral abduction, humeral head in-
ternal rotation significantly decreased varus deformity caused by 
the subscapularis (6.3° ± 3.2° vs. 3.4° ± 2.0° varus deformity, 
p = 0.028); this did not occur at 0° glenohumeral abduction. 
There were no significant differences in varus deformity with hu-
meral internal rotation caused by the teres minor or deltoid at a 
load of 2.5N (Figs. 4-6). 

At a load of 5N, humeral internal rotation significantly de-

Fig. 2. Lateral view of the proximal humerus and scapula mounted 
on the custom shoulder testing jig.
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creased varus deformity caused by the subscapularis at both 0° 
(15.5° ± 1.6° vs. 6.1° ± 2.2° varus deformity, p = 0.017) and 20° 
(12.9 ± 2.6° vs. 8.4 ± 2.0° varus deformity, p = 0.018) glenohumer-
al abduction. Humeral head internal rotation also significantly 
decreased varus deformity caused by the supraspinatus (28.1° 
± 1.1° vs. 20.2° ± 3.8° varus deformity, p = 0.036) at 0° but not 20° 
glenohumeral abduction. There were no significant differences 
in varus deformity caused by the infraspinatus, teres minor, or 
deltoid with humeral internal rotation at a load of 5 N (Figs. 4-6). 

At a load of 7.5 N, humeral internal rotation significantly de-
creased varus deformity caused by the subscapularis at both 0° 
(21.7° ± 3.1° vs. 13.8° ± 3.1° varus deformity, p = 0.028) and 20° 
(14.5° ± 2.7° vs. 12.0° ± 2.2° varus deformity, p = 0.028) glenohu-
meral abduction. There were no significant differences in varus 
deformity with humeral internal rotation caused by the supraspi-

Fig. 3. Anterior to posterior view of the two-part proximal humerus 
fracture with defining direction of varus fracture deformity (A). Var-
us fracture deformity produced by loading the supraspinatus (B).
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Fig. 4. Relative varus fracture deformity produced by the rotator cuff musculature and deltoid with a load of 2.5 N at 0° and 20° glenohumeral 
abduction and at neutral and 20° internal rotation. Abd: abduction, IR: internal rotation. *p<0.05.
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natus, infraspinatus, teres minor, or deltoid at a load of 7.5 N 
(Figs. 4-6). 

DISCUSSION 

Arm position following proximal humerus fracture fixation is an 
uncommon consideration to decrease the rate of fixation failure. 
The shoulder musculature has been shown to induce humeral 
head deformity after fracture, specifically in the varus due to the 
pull of the supraspinatus and subscapularis [5]. Internal rotation 
was protective of varus deformity driven by the subscapularis at 
all loads in 20° of abduction and the supraspinatus at 2.5 N and 5 
N in 0° of abduction. While we hypothesized that glenohumeral 
abduction would mitigate deformity caused by the superior cuff 
muscles, internal rotation appeared to have stronger impact on 
decreasing varus fracture deformity caused by both the anterior 
and superior cuff muscles. Ultimately, our results demonstrate 
that the arm positioned in abduction and internal rotation de-
creases tension on the supraspinatus and subscapularis, resulting 
in decreased varus deformity induced by these muscles. 

Little attention has been given to factors within the postopera-
tive period that might improve results of fracture repair. Some 
studies have researched mobilization protocols following 
non-operative management of proximal humerus fractures [7-9]. 
Fewer studies have looked at the effect of postoperative arm posi-
tion following fracture fixation in the shoulder. Chen et al. [10] 
recently described their results using a custom neutral position 
shoulder and elbow sling following proximal humeral fracture 
fixation. They reported no increase in adverse events or loss of 
fixation but did report improved functional scores with their 
custom postoperative sling. 

Biomechanical studies have commonly induced varus failure 
in proximal humerus models by placing a load on the cranial as-
pect of the humeral head [11-13]. This force can produce varus 
in the laboratory setting but is dissimilar to any load experienced 
by the humeral head in vivo. Many prior investigations have uti-
lized a medial wedge, gap osteotomy, or gap to replicate commi-
nution at the medial calcar, a factor that has been shown to pre-
dict failure [14]. Following surgery, apart from a new trauma, ac-
tivation of the rotator cuff muscles and glenohumeral motion/
contact contribute to early varus collapse and fixation failure. 
Our study set out to determine if arm position affected the de-
forming forces of the shoulder musculature in our two-part 
proximal humeral fracture model. Information could then po-
tentially be used to guide postoperative protocols to minimize 
fixation failure. 

The results of this biomechanical study provide information to 
support the position of the shoulder in internal rotation and ab-
duction as a protective factor against varus failure following 
proximal humeral fracture fixation, especially for fractures at risk 
of fixation failure. In the clinical setting, consideration should be 
given to use of a resting sling that holds the shoulder in this posi-
tion. Similarly, passive and active motion protocols can potential-
ly utilize this information to mobilize the shoulder in a position 
that decreases the deforming pull of rotator cuff muscles. 

Limitations of this study include the biomechanical investiga-
tion design that did not include concurrent proximal humeral 
fixation. Additionally, in some specimens, rotator cuff repairs 
had been previously performed, and two specimens had a 
full-thickness single rotator cuff muscle tear. However, these ten-
don repairs were re-enforced or reconstructed with an allograft 
tendon anchored to the anatomic footprint as defined by prior 
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Fig. 6. Relative varus fracture deformity produced by the rotator cuff musculature and deltoid with a load of 7.5 N at 0° and 20° glenohumeral 
abduction and at neutral and 20° internal rotation. Abd: abduction, IR: internal rotation. *p<0.05.
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studies [15]. In addition, the fracture model was not stabilized 
with plates/screws, and arm position was not tested dynamically. 
We have recently established this physiologically relevant biome-
chanical fracture model, and future work will include evaluation 
of proximal humerus fracture characteristics as well as fixation 
constructs in order to improve the care of these injuries. 

In this biomechanical study of a two-part proximal humerus 
fracture with an incompetent medial calcar, humeral abduction 
resulted in significantly less varus fracture deformity caused by 
the subscapularis. Increasing humeral internal rotation signifi-
cantly decreased varus fracture deformity caused by primarily 
the subscapularis and supraspinatus. While early motion proto-
cols are important following fracture surgery, postoperative posi-
tioning of the shoulder in abduction and internal rotation can be 
protective against varus failure for fractures at risk for loss of fix-
ation. This position decreases the tension generated by rotator 
cuff muscles that drive varus deformity. 
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