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Background

Axillary nerve dysfunction has been a relative contraindication for reverse total shoulder
arthroplasty (RTSA) as it implies deltoid dysfunction which is necessary for a successful
outcome and to maintain stability. However, most axillary nerve injuries or brachial
plexus injuries in the setting of acute fracture or fracture dislocation are temporary
neuropraxias. Therefore, RTSA may be a feasible option in the acute setting in patients
with associated axillary/brachial plexus injury. The objective of this study is to compare
results of RTSA patients with preoperative nerve injuries to patients without nerve
injuries at a minimum of 2 years.

Methods

A retrospective case series of all proximal humerus fractures treated with rTSA from 2010
to 2018 by a single surgeon was performed. Inclusion criteria were patients with a
diagnosis of fracture-dislocation of the proximal humerus. American Shoulder and Elbow
Surgeon (ASES) scores, Simple Shoulder Test (SST) scores, range of motion (ROM) as well
as complications were obtained at final follow up.
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Results

A total 29 patients treated with RTSA for fracture-dislocation were identified. Five
patients declined to participate in the study, 4 patients died prior to final follow-up,
leaving 20 patients in the study group. Two patients were lost to follow-up leaving 18 of
20 patients (90%) with final follow up data. Seven (35%) patients presented with a
brachial plexus/axillary nerve injury associated with their fracture. Average follow-up was
5.83 years (range 2-8 years). There were no differences between the two groups regarding
age or body mass index (BMI). The American Society of Anesthesiologists (ASA) was
higher in the group without nerve injury 2.92 +/- 0.28 vs 2.43 +/- 0.53 (P=0.0130). There
was no difference in time to surgery after fracture between the 2 groups. At final
follow-up, there was no difference between the 2 groups regarding shoulder ROM, ASES

or SST scores. No patients experienced surgical complications, however, two patients
were still reporting nerve related symptoms at final follow up.

Conclusion

Reverse total shoulder arthroplasty for fracture-dislocation in the acute setting may be a
feasible option in patients with concomitant brachial plexus injury.

INTRODUCTION

Proximal humerus fractures account for approximately
185,000 emergency department (ED) visits per year (Kim,
Szabo, and Marder 2012). This fracture is more common
in elderly patients, with the highest incidence in women
80-89 years of age (Court-Brown, Garg, and McQueen
2001). A 2015 study found that the incidence of proximal
humerus fractures per 100,000 person-years was 82 (95 %
CI 76 to 88). Proximal humerus fractures are three times
more common in women than men. Many anatomical
structures surround the proximal humerus, including
nerves of the brachial plexus, the most significant of which
being the axillary nerve; studies demonstrate up to a 67%
likelihood of concomitant nerve injury (de Laat et al. 1994;
Hems and Mahmood 2012; Visser et al. 2001; Warrender,
Oppenheimer, and Abboud 2011) when proximal humerus
fracture occurs. Numerous treatment methods are used to
treat proximal humerus fractures, including both non-sur-
gical and surgical options. Surgical methods including ORIF
with locked plating and RTSA are preferred in many, but not
all three and four-part fractures (Sanchez-Sotelo 2006).

RTSA has been demonstrated to improve complication
rates and outcomes compared to open reduction and inter-
nal fixation (ORIF) in head to head studies (Greiwe et al.
2020). In 2015, a sample of 7714 patients with proximal
humerus fractures drawn from the Nationwide Inpatient
Sample database of 2011 found that 27.4% of patients were
treated with rTSA (Schairer et al. 2015). By 2016, rTSA uti-
lization in treatment of proximal humerus fractures had in-
creased to 67.4% (Dillon et al. 2019). Despite the increase
in utilization for most three and four-part fractures, treat-
ment of fracture-dislocations of the proximal humerus with
r'TSA is challenging, as reduction of the tuberosity and
maintenance of reduction are important for function and
many of these injuries can present with concomitant neu-
rologic injury. Preoperative brachial plexus, and more
specifically, axillary nerve injury has been stated as a con-
traindication of rTSA due to hypothesized poor functional
outcomes and increased rates of dislocation (Valenti et al.
2012).

While some proximal humerus fracture patients present
to the emergency room (ER) with nerve damage, others
seemingly develop more noticeable nerve damage between
their admission to the ER and their preoperative evalu-
ation. The question arises of whether rTSA is a suitable
option for patients who present with a proximal humerus
fracture with an associated or evolving nerve injury. How-
ever, studies are limited due to small patient populations
and none have specifically addressed this particular ques-
tion. The objective of this study is to evaluate the results
of proximal humerus fracture patients who receive RTSA
who have associated preoperative nerve injuries and com-
pare results to patients without associated nerve injuries
at a minimum of 2 years. We hypothesize that there will
be no significant decrease in RTSA postoperative outcome
scores in patients with associated preoperative nerve in-
juries compared to the control.

The objective of this study is to compare results of RTSA
patients with preoperative nerve injuries to patients with-
out nerve injuries at a minimum of 2 years.

MATERIALS AND METHODS

This study was approved by the hospital’s local institutional
review board. A retrospective case series of all proximal
humerus fractures treated with rTSA from 2010 to 2018 by
a single surgeon RGM was performed.

Patient preoperative data including patient age at the
time of surgery, sex, time of injury to surgery, smoking sta-
tus, body mass index (BMI), American Society of Anesthesi-
ologists (ASA), and diagnosis were collected through a ret-
rospective chart review. Patients were defined as having a
nerve injury if they had an abnormal sensory exam, motor
weakness such that 0/5 muscle strength was noted in the
muscles tested at the time of surgery (inability to contract
their deltoid, weakness with elbow flexion/extension, hand
grip or finger abduction), or EMG documented evidence of
nerve injury post-operatively.

Follow-up data including range of motion (ROM)—For-
ward Flexion (FF), Internal Rotation (IR), External Rotation
(ER) were obtained at their last clinic visit. Range of motion
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was calculated in the office using manual techniques for
range of motion measurement. Validated functional out-
come measures including Simple Shoulder Test (SST),
American Shoulder and Elbow Scores (ASES) were all col-
lected. Patients who did not have functional outcome
scores at a minimum of 2 years were contacted by a member
of the research team to obtain these scores over the phone.
Common complications of RTSA, including scapular notch-
ing, periprosthetic fracture, acromial fracture, and infec-
tion were also documented if reported.

SURGICAL TECHNIQUE

Reverse total shoulder arthroplasty for fracture was per-
formed in the beach chair position. A standard deltopec-
toral approach was utilized. Upon exposure of the humerus,
the fracture lines were identified and exploited. A heavy
strength #2 suture was applied to the tendon-bone junc-
tions both anteriorly and posteriorly along the tuberosities.
Typically, the fracture line was present just posterior to
the bicipital groove and contained the subscapularis ten-
don. We then removed the head and exposed the glenoid
by removing the labrum and cartilage. The glenosphere was
placed in standard fashion and was a size 0 component with
a 36 mm with an overall lateralization of 23.1 mm in all
cases. The overall neck shaft angle was 152.5 degrees.

The stem size was chosen using a series of reamers and
the stems were distally fitting stems placed in all cases
without cement. The tuberosities were anatomically
aligned in all cases and held in place with cerclage sutures.
The height of the tuberosities were judged by reducing
them anatomically to the shaft when the calcar was intact.
In the setting where the calcar was not present, the
tuberosities were placed 10 cm proximal to the pectoralis
insertion and reduced to the superior aspect of the implant,
such that the top of the tuberosities were in line with the
top of the implant.

PARTICIPANTS

A total of 56 total RTSA’s for proximal humerus fractures
were performed during the time period of this study. Of
these 56, 29 patients treated with rTSA for fracture-dis-
location were identified. All fracture-dislocation patients
treated with rTSA were contacted. Five patients declined to
participate in the study, 4 patients died prior to final fol-
low-up, leaving 20 patients in the study group. Two pa-
tients were lost to follow-up leaving 18 of 20 patients (90%)
with final follow up data. Seven (35%) patients presented
with an overall brachial plexus, or more specifically, an ax-
illary nerve injury associated with their fracture. Two of

*Advertisement

these seven had brachial plexus injury that were not identi-
fied as axillary nerve injuries, and the remaining 5 had ax-
illary nerve injury. Three total patients got an EMG study
done.

STATISTICAL ANALYSIS

All statistical analysis was performed with GraphPad Prism
(www.graphpad.com), and P < .05 was considered statis-
tically significant. Univariate analysis of continuous vari-
ables was conducted with a Student ¢ test.

RESULTS

There were no differences between the two groups regard-
ing age or BMI. Patients without nerve injury had a higher
ASA compared to the patients in the nerve injury group
2.92 +/- 0.28 vs 2.43 +/- 0.53 (P=0.0130) but these values do
not carry any clinical significance in regards to a practical
difference in shoulder functionality. There was no differ-
ence in time to surgery after fracture between the 2 groups.

At the last final follow-up, there was no difference be-
tween the 2 groups regarding shoulder ROM, ASES or SST
scores. Average follow-up was 5.83 years (range 2-8 years).

Coefficient of determination for patients’ outcome
scores in relation to their age. Increased age correlated with
lower ASES function and SST scores, but higher ASES pain
scores.

COMPLICATIONS

No patients experienced any postoperative complications.
However, three patients with a preoperative nerve injury
were still reporting issues at the final follow up. One patient
reported “discomfort and lack of motion”, but declined to
get an EMG. This patient still had improved strength and
ROM. Another patient had weakness in the upper extrem-
ity, however she also sustained a stroke affecting the side
which is a confounding variable. The stroke occurred prior
to surgery and was the reason this patient suffered a frac-
ture-dislocation. The third patient still reported numbness
and tingling from her elbow to her fingers. She had multiple
workups including EMG demonstrating no evidence of
mononeuropathy, polyneuropathy or radiculopathy despite
an MRI demonstrating multiple cervical herniated discs.
Overall only three total patients agreed to an EMG study.
One of these three was a patient with a brachial plexus in-
jury that was not axillary; the lesion was further identi-
fied on EMG as an infraclavicular brachial plexus lesion.
Post-operative scores for this patient and the second pa-
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Figure 1. Inclusion/Exclusion criteria flow-chart

Table 1. Patient Demographics and Characteristics

Presented without
CONCOMILAnt nerve gy
13

Group AGE Male female BMI ASA time from injury to surgery
(hr)
No Neurologic 72.85+ 2 11 31.50+ 292+ 177.77 £ 220.72
Injury 8.07 7.57 0.28
Neurologic Injury 72.57+ 2 5 30.27+ 243+ 109.79+ 141.08
7.93 1343 0.53

P value 0.9426 - - 0.7958 0.0130* 0.4728

* represents significant difference

(hr)- hours

Table 2. Patient Reported Outcomes at Minimum of 2 years
Group ASES pain ASES function Total ASES SST
Non Nerve 45,17+ 6.83 41.75+ 8.05 86.91+ 10.83 9.58+1.98
Nerve 49.17+2.04 4444+ 6.61 95.28+ 6.24 9.67+1.75
P value 0.1853 0.4898 0.1017 0.9315

tient with non-axillary brachial plexus injury were consis-
tent with patients who had axillary nerve injury.

DISCUSSION

Proximal humerus fracture patients with concomitant
nerve injury did not show significant differences in ASES

pain or function outcome scores after two years post-op-
eration compared to proximal humerus fracture patients
without concomitant nerve injury. In addition, there were
no significant differences in forward flexion, external rota-
tion, or internal rotation range of motion between the two
groups. While three patients with concomitant nerve injury
did report nerve-related complications after two year fol-
low-up, these complications were also attributed to other
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Table 3. Range of Motion

Group FF ER IR

Non Nerve 150.77+21.97 51.54+23.49 57.31£19.54
Nerve 140.71+£ 20.5 47.86+15.51 48.57+27.8
P value 0.3315 0.7149 0.421

Patient outcome scores in relation to age
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Figure 2. Patient Outcome Scores in Relation to Age

confounding variables such as prior history of stroke and
cervical herniated discs and radiculopathy.

The incidence of nerve injury in patients sustaining
proximal humerus fractures varies significantly in the lit-
erature, ranging from as low as 6.2% to as high as 67%
(de Laat et al. 1994; Hems and Mahmood 2012; Visser et
al. 2001; Warrender, Oppenheimer, and Abboud 2011). An-
terior fracture-dislocation demonstrates an increased in-
cidence of neurologic injury versus other fractures of the
proximal humerus. Of the 20 patients reported in our study,
7 (35%) presented with some form of concomitant nerve in-
jury. Although older studies have reported that some pa-
tients did suffer from motor loss after surgery due to their
nerve injury caused by the initial fracture (de Laat et al.
1994), a recent 2019 study showed that all patients with
proximal humerus fractures with concomitant nerve injury
showed full or partial neurological recovery (Gasbarro et
al. 2019). This recent study is consistent with the data we
gathered in our study, as all 7 of our patients exhibited ei-
ther full or partial neurological recovery, or noted nerve
damage due to pre-existing conditions or new injuries.

Traditionally, rTSA has been used over TSA in patients
with significant rotator cuff injury or rotator cuff arthropa-
thy, but recently indications have expanded to include se-
vere arthritis with retroversion greater than 35 degrees and
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significant posterior subluxation, fractures of the proximal
humerus and their sequelae, and even chronic instability.
I'TSA relies on the deltoid to assist in shoulder movement,
hence reducing the need for a functional rotator cuff (Giles
et al. 2015). Understandably, in patients with proximal
humerus fractures with concomitant axillary nerve injury
(Lopiz et al. 2016), rTSA was originally thought to be a con-
traindication due to the dependence this surgery has on
the deltoid for successful range of motion and stability. Our
study demonstrates that in a fracture-dislocation setting
where nerve injury is common, rTSA may still be a good
option for patients with concomitant nerve injury. Further
large scale, multicenter studies on this topic would be ben-
eficial to continue to demonstrate rTSAs effectiveness de-
spite neurologic injury. These further studies could aim to
show that the resultant stiffness and common return of
overall brachial plexus, and more specifically, axillary nerve
function assists in the prevention of instability and disabil-
ity originally feared by prior authors (Kiet et al. 2015).
Similar to a 2016 study, patient age was found to be a
negative predictor of rTSA outcomes in patients with prox-
imal humerus fractures. While the study hypothesized that
complication rates would decrease in the older population
due to decreased demand, they found that higher compli-
cation rates were found in patients older than 80 years of
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age (n=26) compared to younger patients (n=16) (Lopiz et
al. 2016). Similarly, we also found that an increase in pa-
tient age correlated with an overall lower total ASES and
SST score although they had improved ASES pain scores,
and lower ASES function scores.

A 2017 systematic review of rTSA performed on proximal
humerus fractures found that the most common complica-
tion was dislocation (16.9%), followed by infection (6.7%),
intraoperative fracture (3%), and neurological injury (2.6%)
(Holton et al. 2017). However, a study published in 2013
found that of 49 rTSA patients with deltoid impairment,
only two reported dislocation. The study went on to con-
clude that preoperative deltoid impairment was not an ab-
solute contraindication to rTSA in proximal humerus frac-
ture patients (Lddermann et al. 2013). This study did not
however specify whether these patients had proximal
humerus fractures; an emphasis was placed on deltoid im-
pairment. Our study, although a smaller sample size of pa-
tients, is consistent with the results of this study, as we
found that no patients had post-operational complications
as a direct result of the pre-operative nerve injury.

A 2019 retrospective case series by Gregory Gasbarro,
MD is the most similar study available for comparison of
data to our data in this study. However, a few key differ-
ences in study design should be noted. The Gasbarro study
used patients spanning from 2006 through 2018, while our
study spanned from 2010 to 2018. In addition, the inclusion
criteria for the Gasbarro study required participants to be
over 65 years of age, while our study had no age limitations.
The three participants in our study who were below the
age of 65 (56, 63, and 64) averaged together had a higher
SST and ASES fxn, while having a below average ASES pain
compared to the participants 65 and older. The 2019 study
tested QuickDASH, VAS, SSV, and forward elevation, while
our study tested ASES function, ASES pain, SST, and RDM.
Sixteen patients met the inclusion criteria for the Gas-
barro study, and five presented with concomitant nerve in-
jury. Twenty-nine patients met our study inclusion criteria,
18 patients presented follow-up data, and seven presented
with concomitant nerve injuries. The 2019 study had an av-
erage follow-up of 3.1 years, with a range of one to five
years, while our study had an average follow up of 5.83
years with a range of 2 to 8 years. Despite these differ-
ences, the two studies still managed to draw similar con-
clusions. The 2019 study states that “rTSA reliably restored
overhead function, and overt nerve palsy did not lead to

, you can achieve native tendon strength within 12 weeks.”
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higher complication rates, including dislocation” (Gasbarro
et al. 2019). Our study found no difference between patients
with and without concomitant nerve injury regarding time
to surgery, range of motion, ASES, or SST scores. Due to
scarcity of data for rTSA’s performed on patients presenting
with proximal humerus fractures with concomitant nerve
injury, the addition of future similar cases could increase
the confidence level of results from existing studies with
greater statistical significance.

The opportunity for future studies is also vast in regards
to RTSA for proximal humerus fractures with concomitant
nerve injury. One such study that could be very beneficial to
literature would be to compare the RTSA patients to non-
operative treatment in terms of nerve recovery and func-
tional outcome.

Limitations to this study include its small sample size.
While neurologic injury is a rare complication of proximal
humerus fractures and fracture-dislocation is rare as well,
the small sample size still increases the possibility of a
type II statistical error. In addition, a retrospective case se-
ries can be prone to recall bias, impacting recollection of
post-operative complications. Chart notes were the primary
method for identification of ongoing neurologic symptoms,
but patients were asked whether they had any ongoing
complications from the injury. Selection bias may have po-
tentially been present due to the surgeon’s discretion on
what patients would be eligible for the surgery, however
no patients during this time period were selected for hemi-
arthroplasty or non-operative treatment after fracture-dis-
location. Another limitation to the study is the lack of pre-
operative scores for comparison.

CONCLUSION

This study found no significant differences after two years
post-operation in forward flexion, external rotation, inter-
nal rotation range of motion, or ASES pain outcome scores
of patients with and without concomitant nerve injury. No
patients experienced postoperative dislocations or any
other postoperative complications that could be directly
linked to the rTSA operation following nerve injury. Reverse
total shoulder arthroplasty for fracture-dislocation in the
acute setting may be a feasible option in patients with con-
comitant overall brachial plexus, and more specifically, ax-
illary nerve injury. Further studies with higher numbers of
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