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Functional deficits following brachial plexus injury in anterior shoulder dislocation: a case series

Abstract

The association between anterior shoulder dislocation and brachial plexus injuries remains
relatively uncommon. Patients with a plexus injury due to anterior shoulder dislocation were
monitored over a 2-year period. Muscle power according to the Medical Research Council scale
and sensation were measured from presentation to discharge. In 28 patients, the power grade of
proximal muscles supplied by nine injured nerves failed to improve over a median follow-up of 5
months. There was no statistically significant improvement in sensation over a median follow-up of
6 months. Poorer recovery in muscle power score was related to advancing age, whereby every
decade increased the risk by approximately 30%. Anterior shoulder dislocation with a plexus injury
carries a risk of permanent nerve injury. Patients should be referred for specialist nerve

assessment leading to rehabilitation and timely early nerve reconstruction, if indicated.

Level of Evidence: IV

INTRODUCTION
Dislocations of the glenohumeral joint are common, with a reported incidence of 40.4 per 100,000
male person years and 15.5 per 100,000 female person years (Shah et al., 2017). The incidence
is bimodal, affecting young males and older females (Avis and Power, 2018; Cutts et al., 2009;
Krgner et al., 1989). A higher proportion of older females are reported to suffer dislocations after
falling at home whereas males are more often involved in high-energy mechanisms, such as a

road traffic accident or sports injuries (Avis and Power, 2018; Cutts et al., 2009; Krgner et al.,
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1989). However, even for low-energy injuries, a glenohumeral dislocation can substantially

traumatise surrounding structures including the brachial plexus (Gutkowska et al., 2018Db).

Neurological deficits as a result of shoulder dislocation has been reported to affect up to 14% of
patients following reduction, and this is often associated with a rotator cuff tear or greater
tuberosity fracture (Robinson et al., 2012). A prospective needle electromyographical (EMG) study
concerning anterior shoulder dislocation reported abnormal findings in 48% of patients with low
velocity trauma, with the axillary nerve most commonly injured (Visser et al., 1999). Although, in
general, brachial plexus injuries (BPI) are purported to resolve less quickly in older patients
(Kosiyatrakul et al., 2009), there is no longitudinal data to support this belief. Data demonstrating

the typical neurological recovery in BPIs following shoulder dislocation is also limited.

This study was designed to observe the natural neurological recovery of patients with BPI
associated with anterior shoulder dislocation. The main aim was to investigate the patterns of

injury and recovery over time.

METHODS
Study Design & Setting
This retrospective consecutive case series investigated patients with BPI and shoulder dislocation
(over 18 years of age) who were managed within a specialist nerve injury unit over a period of two
years. Patients had a detailed clinical assessment to identify those in whom early nerve
exploration was indicated, for example, high energy road traffic accidents (days to weeks).
Patients were also sequentially monitored and in this group, patients who fail to demonstrate

adequate recovery underwent nerve exploration and reconstruction within 3 months and no later
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than 6 months after the injury. Patient demographics and mechanism of injury were recorded and

analysed.

Outcome measurements

Upper limb function (muscle power according to the Medical Research Counci (MRC) scale and
sensation) was measured at baseline and at each clinic visit until discharge. Motor power was
measured through palpable contraction. Proximal index muscles (PIM) were chosen for each
nerve as these would be the first to be reinnervated in those with severe but in-continuity nerve
lesion (Table 1). These assessments were performed in clinic according to the Medical Research
Council’s guidelines (Compston et al., 1942). Cutaneous sensation was recorded as the level of
stimulus felt by the patient upon light touch and recorded as either absent, reduced or normal.
Abnormal or absent sensation was recorded in 55 dermatomes. All assessments were undertaken

by experienced physiotherapists with specialist interest in BPI.

Neurophysiology

The absolute values and clinician comments were extracted from nerve conduction and
electromyography reports. Electromyography (EMG) reports were not standardised and contained
different assessments and differing amounts of information that were presented in a case-to-case
basis, and in various formats. This precluded any form of statistical analysis and a narrative

summary of the findings was presented.

Statistical Methods

No prior information was available on which to base a sample size calculation. There was missing
data for some patients, typically no documentation of objective assessments of some (assumed to
be) uninjured nerves and repeated measurements. There was insufficient information for a
meaningful assessment of the pattern of missingness and thus imputation. Therefore, the
denominators of all assessments are provided, to show where data were missing. The MRC score

was modelled using rank-based methods whereby scores are presented as medians (with



84 interquartile ranges, IQR), paired scores are compared using the sign-rank test and the effect of
85 age on change in MRC score was estimated using non-parametric regression. Further, the effect
86 of age, side of injury, handedness and time from injury on motor recovery was modelled

87 individually using Cox regression to estimate hazard ratios (HR). Sensory data is presented as
88 frequencies (with percentages) paired scores and compared using the McNemar’s test.

89  Significance was set at 5% and 95% confidence intervals (Cl) were generated.

90

91
92 RESULTS
93 28 individuals (12 females and 16 males) who sustained an anterior shoulder dislocation with
94  traumatic infra-clavicular BPI were included. The mean age was 52 years (SD 14). Eight males
95 (mean age 42 years) sustained high-energy injuries: two motorbike accidents, one bicycle
96 accident and five falls from height. The two injured from motorbike accidents underwent
97  exploration. One of these had a radial to axillary nerve transfer, and the other had an exploration
98 only as the nerves were in continuity. The remaining 20 patients (13 females and seven males,
99 mean age 56 years) sustained low-energy injuries after falling from standing height, and none of
100 these underwent surgery. Patients who sustained a high-energy injury were 13 years younger
101 (95% ClI: 1 to 25; p=0.03). Concomitant injuries included a Hill-Sachs lesion, a greater tuberosity
102  fracture and a fracture of right proximal humeral neck. The pattern of motor and sensory nerve
103  deficit was similar in high and low-energy shoulder dislocations.
104
105  Motor Recovery
106  In 28 patients, 80 peripheral nerves were injured. In 58 (73%) injured nerves, the MRC grade of
107  the proximal index muscle (PIM) improved by at least 1 MRC grade, with the median time to
108  improvement of 5 months (IQR 1 to 9; range 1 to 22 months). Thirty-three improved within 1 to 6
109 months, 12in 7 to 12 months, 9 in 13 to 18 months and 4 in 19 to 22 months. The PIM of 9 injured

110  nerves failed to improve MRC grade during the follow up time. Table S2 shows the MRC ratings
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for each PIM representing a peripheral nerve at the time of injury and discharge, and their change
over time. The PIMs of the axillary and radial nerves recovered function, whilst no recovery was

seen in those innervated by the musculocutaneous, median and ulnar nerves.(Table 2)

The axillary nerve was most commonly injured 22/24 (92%), but the PIM (deltoid) improved by at
least one MRC grade in 20 of the 22 cases, and two patients with an axillary nerve deficit failed to
recover. The ulnar nerve was injured in 17/23 (74%) patients and six failed to improve. The radial
and musculocutaneous nerves were injured in 15/23 (65%), and 14/22 (64%), respectively. One
patient with a radial nerve injury failed to recover; this patient also had an axillary nerve deficit but
was lost to follow-up after two months. Five patients with a musculocutaneous nerve injury failed
to recover. The median nerve was injured least often 12/23 (52%) and the MRC grade of the PIM

failed to improve in only one patient.

Advancing age increased the chance of no improvement in the PIM MRC score (HR 1.03 (95% CI:
1.0to 1.1]; p=0.01). Figure 1 suggests that for every decade of life beyond 20 years, the risk of no

motor recovery (according to the MRC scale) increased by 30%.

The sex of the patient (p=0.464) and mechanism of injury (p=0.367) were not statistically

associated with motor recovery.

Sensory Recovery

In all 28 patients, the sensation was reduced or absent at the time of injury in 55 spinal
dermatomes. Overall, there was no statistically significant improvement in cutaneous sensation of
any dermatomes over a median 6 months of follow-up (IQR 3 to 9; range 1 to 22 months; (Table
3). Of the 55 dermatomes with absent or reduced sensation at baseline, 16 showed improvement.
Of the 16, nine recovered within 1 to 6 months; six in 7 to 12 months; and one in 18 months. The

median time to recovery of cutaneous sensation was 3 months (IQR 1 to 8; range 1 to 22 months).



139 . The age (p=0.704), sex of the patient (p=0.659) and mechanism of injury (p=0.389) were not

140  statistically associated with sensory recovery.

141

142 Neurophysiology

143 Of the 28 patients, 13 had clinical neurophysiology studies. The median time from injury to the first
144  neurophysiological assessment was seven months (IQR 2 to 18; range 1 to 61). In six cases there
145  was “evidence of reinnervation” or “significant reinnervation” on EMG but only five of these

146  patients improved an MRC grade in the PIM (three deltoid, one flexor carpi ulnaris and one

147  triceps). One patient with evidence of reinnervation on EMG at 28 months but no motor recovery,
148  had medial and posterior cord injuries. No other conclusive information could be derived from the
149  neurophysiology studies.

150
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DISCUSSION
Our study demonstrates that motor recovery was, in general, better than sensory recovery in
patients with BPI as a result of anterior shoulder dislocation. Injuries of the axillary and radial
nerves improved significantly but not the other nerves in this case series and as expected,
advancing age increased the risk of permanent injury. Furthermore, this study demonstrated

that light touch sensory recovery is poor, at best, in most patients.

Several authors have found that the axillary nerve is most vulnerable to injury following
anterior dislocation (Gutkowska et al., 2018a, 2018b; Kragner et al., 1989; McManus et al.,
1976). The anatomical position of the axillary nerve around the surgical neck of the humerus
puts it at significant risk during dislocation when the humeral head typically moves in an
anterior and inferior direction (Apaydin et al., 2010). BPI are more likely to occur when a
shoulder is dislocated with the arm fully extended and abducted, as this subjects the plexus
to the most amount of stretch (Hems and Mahmood, 2012). Our study is in agreement with

this finding as axillary motor nerve deficit was most frequently observed.

A number of publications have reported demographic associations between gender, age and
mechanism of injury (Cutts et al., 2009; Gutkowska et al., 2018b, 2018a; Sakellariou et al.,
2014) but amongst our cohort, only age was observed to be a significant factor relating to
motor recovery. Gutkowska et al., (2018b) reviewed the literature and reported that most
neurological deficits recovered spontaneously, however, the rate of recovery decreased with
age (Gutkowska et al., 2018b). Increasing age (above 50 years) was also found to contribute
to neurological complications (Gutkowska et al., 2018b). Perimutter et al., (1999) described
a wide range of outcomes from a return to normal function, to life-long pain, paralysis and
paraesthesia. Koysiyatrakul et al., (2009) described better recovery in the intrinsic muscles
of the hand in patients less than 50 years (Kosiyatrakul et al., 2009). Furthermore, Visser et
al., (1999) reported that the risk of nerve injury increased by a factor of 1.3 for every

increasing decade.
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Chronic pain affects 95% of patients with a BPI (Park et al., 2017). Sensory impairment in
the hand causes functional impairment and poor motor learning which may explain the 20%
risk of re-injury (Emamhadi and Andalib, 2019; Park et al., 2017). Few studies have reported
the recovery of cutaneous sensation following anterior shoulder dislocation. Travlos et al.,
(1990) reported sensation to always precede motor recovery and to be a potentially good
indicator for motor recovery; however, this was not observed in our study. Considering the
ratio of sensory to motor nerves in the brachial plexus to be at least 9:1 (Gesslbauer et al.,
2017) future research should focus on the impact of afferent neuronal pathways on pain and

functional disability.

Patients with BPI following anterior shoulder dislocation require specialist assessment to
determine appropriate management. Some patients have better functional recovery when
managed non-operatively (Sakellariou et al., 2014). Even when managed conservatively,
these patients are closely monitored and supported by experienced physiotherapy and
occupational practitioners and within this context, patients can be educated about their injury
and the rehabilitation process. Passive range of motion exercises can be taught to mitigate
contractures and focus on zones of denervation. As muscles are re-innervated, the
rehabilitation can be tailored to strengthen reanimating muscle groups. Until better evidence
is obtained, therapy for BPI should be delivered in academic institutions such that research

can be undertaken on how best to improve limb function and quality of life.

There were several limitations in this study. The review was conducted within a small cohort
of patients referred to a tertiary brachial plexus injury service and therefore may not
represent the population of patients with nerve injuries following shoulder dislocation. The
small sample size reduces statistical power and may increase the risk of type 2 error. Patient
notes were reviewed retrospectively with variable observation periods and number of times

each MRC and sensory innervation was tested. There were missing data for some outcomes
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and thus, we provide the denominator for clarity. A prospective study could potentially
capture more complete data with set observation intervals. Assessment of power and
sensation was performed by different clinicians, and there can be slight variations in the way
these were measured. Further research could focus on improving the homogeneity of these
assessments. Furthermore, we acknowledge that using the proximal index muscle does not
include intrinsic muscle assessment in the hand, but MRC assessment of these small
muscles can be challenging when there is associated joint stiffness and swelling from
prolonged denervation. Electrodiagnostic tests can influence the decision-making process, in
particular, in those with delayed recovery (Lawrence et al., 2000). In our study, 13 of 28
cases had electrical evaluation precluding meaningful analysis so we recommend that
clinicians routinely acquire repeated neurophysiological assessments at fixed timepoints to
better understand the utility of this test. At the time of dislocation, the rotator cuff is at risk of
both musculotendinous and neurological insult. We have not assessed the rotator cuff in this
patient cohort, rather, we have focused on the infraclavicular plexus and motor deficit from
nerve injury alone; future studies might consider performing routine sonographic assessment
of the cuff as soon as possible in all patients. Testing of sensation remains challenging.
There were only three categories for sensation grading and therefore small improvements to
sensory recovery may not be captured. More objective measures (such as 2-point-
discrimination or mono filament threshold testing) recorded at set intervals in a prospective
study would be a better approach. Similarly, there was no definition of high- and low-energy
mechanisms of injury which may undermine our analysis. The median follow-up of 6-months
is relatively short, and this is likely to be downwardly biased by the patients that were only
minimally disabled at presentation (e.g. MRC 4/5 in the deltoid) and who recovered rapidly,
within a few months. Equally, for those who were more disabled, our surveillance period may

be insufficient to appreciate the fullness of their recovery.

Patients with brachial plexus injuries from anterior shoulder dislocation are at risk of long-

term functional deficit; this risk is most pronounced in the elderly. From our study, the axillary
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nerve is the most commonly affected nerve and ulnar nerve innervation showed the lowest
rate of recovery. Such patients should be immediately referred to a specialist brachial plexus

service for assessment, physiotherapy and the option of surgery if indicated.
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Figure 1. A scatter plot of age against motor recover according to the MRC scale. The line
of fit (and 95% CI) are derived from non-parametric regression and show that younger

patients have better motor recovery.
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