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Abstract
Background: After stroke, the peripheral nerves of the hemiplegic upper extremity (HUE) could exist
impairments which seriously delay the function recovery of the HUE. However, the impacts of shoulder
subluxation (SS) on the HUE electromyography characteristics in post-stroke are rarely reported.
Therefore, this study was to investigate the impact of SS on peripheral nerve conduction and function of
the HUE in post-stroke patients.

Methods: A retrospective, matched-pair study was conducted. 30 post-stroke in-patients (15 patients for
each group) were selected and their peripheral nerves of bilateral upper limbs were used to be underdone
by the electroneurographic examination. The characteristics of patients, such as age and type of stroke,
were recorded and paired. The electroneurographic parameters of upper limb motor/sensory nerves
contained: the compound muscle action potential (CMAP) amplitude and latency of suprascapular,
axillary, musculocutaneous, radial, median and ulnar nerves; the motor conduction velocity/ the sensory
nerve action potential (SNAP) amplitude and latency of median, ulnar and radial nerves. The Brunnstrom
stage scale was used to evaluate the motor function of the HUE.

Results: The CMAP amplitude of each nerve in the HUE of both groups was lower than that in the healthy
side (P < 0.05). CMAP amplitude of peripheral nerves (except ulnar) in the HUE of SS group was
decreased (P < 0.05). The CMAP latency of the suprascapular, axillary and musculocutaneous nerves was
longer than that of the healthy side in the SS group (P < 0.05). The axillary nerve CMAP latency in the SS
group was prolonged more (P < 0.05). The motor conduction velocity of the median nerve on the HUE in
the SS group was lower than that of the HUE in the N-SS group (P < 0.05). The SNAP amplitudes of the
nerves in the HUE in both groups were lower than those in the healthy side (P < 0.05). The Brunnstrom
stage of HUE in the SS group was lower (P < 0.05).

Conclusions: Stroke may lead to extensive damage of the HUE nerves, and SS may aggravate the
damage of these nerves, delaying the recovery of upper limb function.

Background
Shoulder subluxation (SS) or glenohumeral subluxation is one of the common complications in post-
stroke setting, with an incidence of approximately 17%-81% [1, 2]. After a stroke, the hemiplegic upper
extremity (HUE) could be affected by muscle weakness, gravity traction, incorrect posture transfer, or
peripheral nerve/rotator cuff injury, so the humeral head partially detaches from the glenoid, which leads
to the SS [1, 3]. After a SS, the shoulder joint capsule, the surrounding tendons and the brachial plexus
nerves could be pulled by the HUE [4, 5]. Then, the degree of SS and upper limb dysfunction could be
further aggravated [1, 3].

Electrodiagnosis and ultrasound medicine studies show that, in post-stroke patients, the peripheral nerves
of the HUE could exist different degrees of impairment which seriously delays the function recovery of the
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HUE [6–8]. However, the impacts of SS on the HUE electroneurographic characteristics in post-stroke are
rarely reported.

In the 1980s, Chino et al. [5] only observed the variations of peripheral nerve conduction (suprascapular
nerve, axillary nerve, musculocutaneous nerve and radial nerve) in the HUE among post-stroke patients
with an occurrence of SS, rather than comparison with healthy upper limb and the HUE without SS. Tsur
et al. [9] investigated the difference of the axillary nerve between the HUE after SS and its healthy upper
limb, other nerves were not analyzed. So far, no study has comprehensively assessed the degree of
peripheral nerve injury in HUE after SS.

Therefore, it is necessary to further analyze the variations of peripheral nerve conduction and function in
HUE after SS. The main purpose of this study was to investigate the impact of SS on peripheral nerve
conduction and function of the HUE in stroke patients through the comparison of peripheral nerve
conduction parameters between the HUE with SS and without SS.

Methods

Study design
This was a retrospective, matched-pair single-center study based on data collected from the Department
of Rehabilitation Medicine, the Affiliated Suzhou Science and Technology town Hospital of Nanjing
Medical University.

Participants
Post-stroke patients were selected who were hospitalized from June 2018 to May 2020 and their
peripheral nerves of bilateral upper limbs had been undergone by the electroneurographic examination.
The characteristics of patients, such as age, gender, type of stroke, hemiplegic side, handedness, height,
weight and disease duration, were recorded and paired in terms of retrospective, matched-pair study
design [10].

Inclusion criteria: 1) age 18–75 years old; 2) the first onset of unilateral basal ganglia
hemorrhage/ischemia stroke confirmed by MRI/CT and with a course of more than 1 month; 3) be able to
accept electroneurographic examination of the bilateral upper limbs peripheral nerves; 4) the existence of
the SS determined by physical examinations or imaging tests (Fig. 1). Exclusion criteria: 1) medical
history of upper limb peripheral nerve injury or upper limb surgery/trauma in pre-stroke; 2) diagnosis of
the complex regional pain syndrome [11]; 3) diagnosis of upper limb peripheral nerve entrapment
syndrome [12]; 4) diagnosis of diabetes [13].

This study was approved by the Medical Ethics Committee of the Affiliated Suzhou Science and
Technology town Hospital of Nanjing Medical University (approval number: IRB2019062).Loading [MathJax]/jax/output/CommonHTML/jax.js
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Evaluation of nerve conduction [14]

The Keypoint electromyograph/evoked potential device (Keypoint G4, Dantec medical, Denmark) was
operated by a five years qualified physician to administer evaluation of nerve conduction on all
participants.

1. Evaluation of upper limb motor nerve conduction
Patient was in a supine position. The saddle-shape electrode was used as stimulating electrode, the
superficial electrode was used as recording and reference electrode, and the ground electrode was placed
between the stimulating electrode and the recording electrode. The placement of each electrode was
outlined in Table 1.

Table 1
Evaluation of upper limb motor nerve conduction

Peripheral nerves The location
of the
recording
electrode

The location
of the
reference
electrode

The
location of
the
stimulating
electrode

Latency
and CMAP
amplitude

Motor
conduction
velocity

Median Abductor
pollicis brevis

on the tendon
for reference
using the
belly-tendon
method

Wrist and
elbow

recorded
by wrist
stimulation

the distance
between two
points of
stimulation
divided by the
conduction
time.

Ulnar abductor
digiti minimi

Wrist and
Ulnar nerve
groove

Radial Extensor
digitorum
communis

Elbow and
Radial
nerve
groove

recorded
by elbow
stimulation

Musculocutaneous biceps brachii Brachial
plexus
(Erb’s)

recorded
by Erb's
point
stimulation

-

Axillary anterior
deltoid bundle -

Suprascapular supraspinatus -

CMAP: compound muscle action potential

When motor nerve conduction was assessed, the intensity of electrical stimulation gradually increased
until the compound muscle action potential (CMAP) amplitude reached its maximum, and the amplitude
was the distance between the baseline and the negative peak.

2. Evaluation Of Upper Limb Sensory Nerve Conduction
Loading [MathJax]/jax/output/CommonHTML/jax.js
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The saddle-shape electrode was used as stimulating electrode, the ring-shape electrode or superficial
electrode was used as recording and reference electrode. The sensory nerve action potential
(SNAP)/conduction velocity of the median nerve, ulnar nerve and radial nerve was recorded. The
placement of each electrode was outlined in Table 2.

Table 2
Evaluation of upper limb sensory nerve conduction

Peripheral
nerves

The location of
the recording
electrode

The location of the
reference electrode

The
location of
the
stimulating
electrode

SNAP
amplitude

Sensory
conduction
velocity

Median Between the
thumb and
forefinger

Metacarpophalangeal
joint of the back of
the forefinger

stimulated
at 14 cm
from the
recording
electrode

the
distance
from
baseline
to
negative
peak

the distance
between
stimulating
electrode and
recording
electrode
divided by
latency.

Ulnar Proximal
interphalangeal
joint of
forefinger

Distal interphalangeal
joint

Radial Proximal
interphalangeal
joint of little
finger

Distal interphalangeal
joint

SNAP: sensory nerve action potential

When sensory nerve conduction was assessed, the stimulus intensity gradually increased until the
baseline of the waveform was stable and the maximum amplitude arrived, and the waveform was
superimposed 30 times. The SNAP amplitude is the distance from baseline to negative peak, and
conduction velocity is the distance between stimulating electrode and recording electrode divided by
latency.

3. The variation rate of nerve conduction parameters on HUE

The nerve conduction parameters (CMAP amplitude, SNAP amplitude, latency and conduction velocity)
on the unaffected side was used as a reference to evaluate the variation rate of the nerve conduction
parameters on the HUE. The formula for calculating the variation rate is as follows:

Variationrate = (
NerveconductionparameteronHUE

Nerveconductionparameteronunaffectedside − 1) × 100%

The positive value of change rate represents the percentage of increase compared with the healthy side,
and the negative value represents the percentage of decrease compared with the healthy side.

Upper Limb Function AssessmentLoading [MathJax]/jax/output/CommonHTML/jax.js
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The Brunnstrom stage scale was used to evaluate the motor function of upper limb and hand on the
hemiplegic side [15].

Statistical analysis
In post-stroke, the parameters of the HUE nerve conduction in patients with SS and without SS were
compared. Sample size was calculated using G*Power (3.1.7.). According to the design of matched-pair
study, if the effect size d = 0.5, alpha error = 0.05, and power (1-beta) = 0.8, 27 patients were required.
Hence, a total of 28 patients, 14 for each group should be sufficient for this study.

Statistical analysis was performed using SPSS 22.0 software, and measurement data were expressed as
±S. Age, clinical course, height, weight, motor and sensory nerve conduction parameters (CMAP
amplitude, SNAP amplitude, latency, sensory and motor nerve conduction velocity, and the variation rate.
etc) between two groups were analyzed by paired t-test. The Brunnstrom stage between the two groups
was compared using the Wilcoxon signed rank sum test. P < 0.05 was set as a statistically significant
difference.

Results

Demographic characteristics
A total of 30 patients were selected and 15 patients with SS were allocated to the SS group, other 15
without SS were allocated to Non-shoulder subluxation group (N-SS group). There were no significant
differences in age, height, weight and clinical course between the SS group and the N-SS group (P > 0.05,
Table 3).
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Table 3
Clinical characteristics of patients with or without SS

Characteristic SS(n = 15) N-SS(n = 15) P value

Gender Male 10 10 -

Female 5 5

Age(mean ± SD, years) 57.53 ± 11.92 57.33 ± 12.61 0.842

Stroke type hemorrhagic 6 6 -

ischemic 9 9

Hemiplegia Side Lift 7 7 -

Right 8 8

Handedness Lift 1 1 -

Right 14 14

Height(mean ± SD, cm) 165.60 ± 7.80 165.53 ± 7.08 0.955

Weight(mean ± SD, Kg) 67.93 ± 8.85 68.80 ± 6.17 0.605

Disease duration(mean ± SD, months) 3.07 ± 1.53 3.47 ± 1.85 0.348

SS: Shoulder subluxation; N-SS: Non-shoulder subluxation.

Cmap Amplitude
No significant difference in the CMAP amplitude of each nerve on the healthy upper limb between the two
groups was evident (P > 0.05). The CMAP amplitude of each nerve in the affected upper limb of both
groups was significantly lower than that in the healthy side (P < 0.05). Compared with the affected side of
the N-SS group, CMAP amplitude of suprascapular nerve, axillary nerve, musculocutaneous nerve, radial
nerve and median nerve in the HUE of the SS group were significantly decreased (P < 0.05). No significant
difference in the CMAP amplitude of ulnar nerve on the HUE between the two groups was found (P > 
0.05). The CMAP amplitude variation rate of the suprascapular nerve, the axillary nerve, the
musculocutaneous nerve and the median nerve in the HUE of the SS group significantly decreased more
than that of in the N-SS group (P < 0.05). There was no significant difference in the CMAP amplitude
variation rate between the SS group and the N-SS group in the radial nerve and the ulnar nerve of the HUE
(P > 0.05, Table 4).

Loading [MathJax]/jax/output/CommonHTML/jax.js
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Table 4
The CMAP amplitude (mV) of peripheral nerves on upper limb in patients with or without SS

Nerves Less affected

(n = 15)

Affected

(n = 15)

variation rate

(%)

t value P value

Suprascapular

SS 5.78 ± 2.33 3.66 ± 1.72② -37.43 ± 18.02① 6.270 0.000

N-SS 6.39 ± 1.90 5.09 ± 1.29 -18.36 ± 11.49 5.033 0.000

Axillary

SS 10.63 ± 1.75 5.24 ± 1.95② -50.46 ± 18.81② 9.957 0.000

N-SS 11.31 ± 2.02 8.48 ± 2.40 -25.85 ± 13.13 8.735 0.000

Musculocutaneous

SS 9.47 ± 1.77 5.25 ± 1.58② -43.95 ± 15.45② 8.116 0.000

N-SS 10.29 ± 2.26 7.99 ± 1.79 -20.82 ± 17.72 4.229 0.001

Radial

SS 6.33 ± 1.20 4.71 ± 1.31② -24.85 ± 19.95 4.846 0.000

N-SS 7.19 ± 1.30 5.99 ± 1.17 -14.41 ± 20.21 2.600 0.021

Median

SS 7.66 ± 1.21 5.34 ± 1.30② -29.11 ± 19.03① 5.700 0.000

N-SS 8.00 ± 0.86 6.95 ± 1.16 -12.35 ± 16.03 2.942 0.011

Ulnar

SS 9.19 ± 1.08 7.60 ± 1.55 -17.30 ± 13.08 4.889 0.000

N-SS 9.62 ± 1.29 8.71 ± 1.67 -9.43 ± 11.95 3.103 0.008

Values are mean ± SD. CMAP: compound muscle action potential; SS: Shoulder subluxation; N-SS:
Non-shoulder subluxation. Compared with N-SS group,①P༜0.05;②P༜0.01

Cmap Latency
No significant difference in the healthy upper limb CMAP latency between the two groups was evident (P 
> 0.05). In the SS group, the CMAP latency of the suprascapular, the axillary and the musculocutaneous
nerves in the HUE was significantly longer than that of the on the healthy side (P < 0.05), while the CMAP
latency of the radial nerve, median nerve and ulnar nerve was not significantly different from that of on
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the healthy side (P > 0.05). In the N-SS group, there was no significant difference in corresponding nerves
CMAP latency between the HUE and the healthy upper limb (P > 0.05). Compared with the N-SS group, the
axillary nerve CMAP latency in the SS group was significantly prolonged more (P < 0.05), and there was
no significant difference in CMAP latency between the two groups in the remaining nerves of the HUE (P 
> 0.05). In the SS group, the variation rate of CMAP latency of the axillary and the suprascapular nerves
on the HUE was significantly greater than that of in the N-SS group (P < 0.05), and the difference of CMAP
amplitude variation rate between the two groups on the remaining nerves of the HUE was not statistically
significant (P > 0.05, Table 5).

Table 5
The CMAP latency (msecs) of peripheral nerves on upper limb in patients with or without SS

Nerves Less affected

(n = 15)

Affected

(n = 15)

variation rate

(%)

t value P value

Suprascapular

SS 2.73 ± 0.86 3.14 ± 0.91 15.73 ± 15.64② -0.460 0.001

N-SS 2.92 ± 0.64 2.96 ± 0.69 1.54 ± 4.48 -1.597 0.133

Axillary

SS 4.13 ± 0.35 4.95 ± 0.53③ 20.19 ± 13.47③ -6.108 0.000

N-SS 4.20 ± 0.42 4.28 ± 0.46 2.12 ± 5.86 -1.343 0.201

Musculocutaneous

SS 4.36 ± 0.44 4.53 ± 0.43 3.98 ± 6.71 -2.366 0.033

N-SS 4.30 ± 0.40 4.38 ± 0.25 2.32 ± 5.06 -1.475 0.162

Radial

SS 3.95 ± 0.43 4.14 ± 0.58 5.22 ± 13.67 -1.471 0.163

N-SS 3.93 ± 0.33 4.08 ± 0.33 4.08 ± 7.86 -1.982 0.067

Median

SS 3.47 ± 0.38 3.58 ± 0.41 4.12 ± 13.46 -0.948 0.359

N-SS 3.46 ± 0.35 3.48 ± 0.28 1.03 ± 7.10 -0.374 0.714

Ulnar

SS 2.40 ± 0.27 2.47 ± 0.40 2.85 ± 10.97 -0.999 0.335

N-SS 2.27 ± 0.14 2.28 ± 0.18 0.48 ± 5.19 -0.386 0.705

Values are mean ± SD. CMAP: compound muscle action potential; SS: Shoulder subluxation; N-SS:
Non-shoulder subluxation. Compared with N-SS group,②P༜0.01;③P༜0.00Loading [MathJax]/jax/output/CommonHTML/jax.js
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Motor Nerve Conduction Velocity
There was no significant difference in motor nerve conduction velocity on the healthy upper limb between
the two groups (P > 0.05). The motor conduction velocity of the median nerve on the HUE in the SS group
was significantly lower than that of the HUE in the N-SS group (P < 0.05), also, there was no significant
difference on the conduction velocity of the radial nerve and the median nerve in the HUE between the
two groups (P > 0.05). Besides, there was no significant difference in the variation rate of motor
conduction velocity of radial, median and ulnar nerves in the HUE between the two groups (P > 0.05,
Table 6).

Table 6
The motor conduction velocity (m/sec) of peripheral nerves on upper limb in patients with or without SS
Nerves Less affected

(n = 15)

Affected

(n = 15)

variation rate

(%)

t value P value

Radial

SS SS 54.67 ± 2.88 -2.08 ± 5.66 1.789 0.095

N-SS 57.27 ± 2.17 56.77 ± 2.39 -0.79 ± 4.28 0.778 0.450

Median

SS SS 52.79 ± 2.83① -4.21 ± 8.38 2.059 0.059

N-SS N-SS 54.45 ± 1.72 -1.74 ± 3.98 1.787 0.096

Ulnar

SS SS 56.57 ± 2.13 -4.16 ± 8.57 2.037 0.061

N-SS N-SS 58.61 ± 3.02 -0.10 ± 5.73 0.151 0.882

Values are mean ± SD. SS: Shoulder subluxation; N-SS: Non-shoulder subluxation. Compared with N-
SS group,①P༜0.05

Snap Amplitude And Sensory Conduction Velocity
There was no significant difference in SNAP amplitude of radial, median and ulnar nerves on the healthy
upper limb between the two groups (P > 0.05). The SNAP amplitudes of the nerves in the HUE in both
groups were significantly lower than that in the healthy side (P < 0.05). There was no significant
difference in SNAP amplitude and SNAP amplitude variation rate of the HUE between the two groups (P > 
0.05, Table 7).
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Table 7
The SNAP amplitude (µV) of peripheral nerves on upper limb in patients with or without SS

Nerves Less affected

(n = 15)

Affected

(n = 15)

variation rate

(%)

t value P value

Radial

SS 12.97 ± 4.12 10.68 ± 3.39 -16.72 ± 14.02 3.966 0.001

N-SS 13.85 ± 3.91 11.65 ± 4.34 -18.72 ± 17.69 5.668 0.000

Median

SS 31.96 ± 10.06 22.60 ± 11.83 -30.62 ± 30.22 3.842 0.002

N-SS 32.25 ± 9.81 27.54 ± 11.00 -17.42 ± 17.11 4.287 0.001

Ulnar

SS 18.76 ± 7.67 14.81 ± 8.36 -22.05 ± 23.00 3.820 0.002

N-SS 20.45 ± 5.48 17.93 ± 4.76 -10.62 ± 19.31 2.223 0.043

Values are mean ± SD. SNAP: sensory nerve action potential; SS: Shoulder subluxation; N-SS: Non-
shoulder subluxation.

Sensory Nerve Conduction Velocity
There was no significant difference in sensory conduction velocity of radial, median and ulnar nerves on
the healthy upper limb between the two groups (P > 0.05). There was no significant difference in sensory
conduction velocity of the HUE and the healthy side of the same group in the two groups (P > 0.05). There
was no significant difference in SNAP velocity and SNAP velocity variation rates of radial, median and
ulnar nerves in the HUE between the two groups (P > 0.05, Table 8).
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Table 8
The sensory conduction velocity (m/sec) of peripheral nerves on upper limb in

patients with or without SS
nerves Less affected

(n = 15)

Affected

(n = 15)

variation rate

(%)

t value P value

Radial

SS 53.48 ± 3.67 51.77 ± 3.52 -3.12 ± 4.30 2.765 0.015

N-SS 54.55 ± 3.25 53.71 ± 2.85 -1.47 ± 2.92 2.010 0.064

Median

SS 56.19 ± 4.73 52.95 ± 6.32 -5.66 ± 9.67 2.367 0.033

N-SS 57.13 ± 4.71 55.10 ± 6.11 -3.60 ± 6.64 2.051 0.059

Ulnar

SS 54.23 ± 4.29 52.05 ± 4.04 -3.69 ± 8.20 1.906 0.077

N-SS 54.05 ± 3.87 52.53 ± 4.09 -2.71 ± 5.79 1.828 0.089

Values are mean ± SD. SS: Shoulder subluxation; N-SS: Non-shoulder subluxation.

Brunnstrom Stage
Compared with the N-SS group, the Brunnstrom stage of hemiplegic upper limbs and hands in the SS
group was lower, and the difference was statistically significant (P < 0.05, Table 9, 10).

Table 9
The Brunnstrom stage on affected upper limb of patients with or without SS
Groups The Brunnstrom stage of upper limb Z value P value

I Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ

SS(n = 15) 4 7 4 0 0 0 -2.739 0.006

N-SS(n = 15) 2 3 6 3 1 0

SS: Shoulder subluxation; N-SS: Non-shoulder subluxation.
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Table 10
The Brunnstrom stage on affected hand of patients with or without SS
Groups The Brunnstrom stage of hand Z value P value

I Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ

SS(n = 15) 8 3 3 1 0 0 -2.153 0.031

N-SS(n = 15) 2 5 7 1 0 0

SS: Shoulder subluxation; N-SS: Non-shoulder subluxation.

Discussion
This is a retrospective, matched-pair study and it conducts the comparison in upper limb nerve
conduction/motor function of the HUE between post-stroke patients with SS and without SS. The results
showed that: 1) there was extensive damage to the peripheral nerves of the HUE after stroke; 2) the
occurrence of SS could lead to greater damage to the suprascapular, axillary, musculocutaneous, radial
and median motor nerves of the HUE than patients without SS; 3) the occurrence of SS could lead to
greater prolongation of the latency of the axillary and suprascapular nerves on the HUE than patients
without SS; 4) hemiplegic upper limb and hand function recovery may be worse in stroke patients with SS
than in those without SS.

Stroke can lead to extensive damage of peripheral nerves (demyelination changes, axonal damage, etc.)
in the HUE, which may affect the functional recovery of the HUE [6, 7, 16-18]. In the early stage of stroke, due
to the weak deltoid and supraspinatus on the HUE, combined with the effect of gravity, the humeral head
could not be effectively fixed into the glenoid, which may lead to the occurrence of SS [1, 19].

The results of this study suggest that SS may lead to more severe peripheral nerve damage in the upper
extremity after stroke. Previous studies have confirmed that [20, 21], traumatic shoulder dislocation often
leads to traction damage of upper limb nerves, especially axillary nerves. Anatomically, the axillary,
musculocutaneous, radial and median nerves all travel/pass near the humerus [22]. Therefore, combined
with the results of the current study, the humeral head downward displacement after SS may cause
traction damage of the above nerves. Compared with other upper limb nerves, the ulnar nerve has the
lowest degree of damage which may be due to the farther anatomical relationship between the ulnar
nerve and humerus [22]. However, the specific mechanism of upper limb nerve damage caused by SS after
stroke needs further study.

The suprascapular nerve originates from the brachial plexus and it crosses the suprascapular notch and
the transverse scapular ligament to innervate the supraspinatus and infraspinatus [22]. Through the X-ray
in comparing the position of bilateral scapulae and glenohumeral joints in stroke patients, Culham et al.
[23] concluded the scapulae on the hemiplegic side were generally downward rotation, downward
displacement and outward displacement during the period of flaccid paralysis., so the occurrence of theLoading [MathJax]/jax/output/CommonHTML/jax.js
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SS could be more easily. Anatomically, the downward rotation, downward displacement and outward
displacement of the scapula may cause the higher tension of the suprascapular nerve, then lead to pull
injury. However, the exact injury mechanism is still unclear.

Tsur et al. [9] investigated the electrophysiological parameters of axillary nerve in patients with the SS
after stroke and their parameters displayed that axillary nerve damage may occur. Chino et al. [5] found
that in stroke patients with the SS, the latency of the suprascapular, axillary, musculocutaneous and
radial nerves on the HUE was longer than the reference values and the corresponding muscles had
spontaneous potential. However, this study only investigated the latency, conduction velocity and
spontaneous potential of the relevant motor nerves, and, it did not conduct the comparison between the
healthy side and the HUE. Besides, CMAP and SNAP parameters were not considered by this study.

In post-stroke, the recovery of the HUE function should be related to the location/degree of injury and
timing of rehabilitation intervention [24]. In addition, the results of the current study demonstrated that
post-stroke patients with the occurrence of the SS may aggravate the damage of the HUE nerves which
could impact the functional recovery of the HUE. Previous studies [25, 26] have suggested that long-term
denervation can lead to muscular dystrophy and irreversible loss of neuromuscular junctions. Therefore,
combining with the results of the current study, the authors speculate that if the prevention strategies of
the SS are carried out in the early stage of stroke, it could reduce the degree of the HUE nerve damage.
However, this speculation still needs further study to confirm.

Limitations of the current study: 1) although the grouping of all patients was matched according to the
type of stroke, it was difficult to accurately control the damage degree of central nerve system in both
groups; 2) in this study, because not all patients underwent shoulder radiography, no correlation study
between the degree of shoulder subluxation/the change of scapular position and the degree of upper
limb nerves damage was performed; 3) due to the insufficient samples of needle electromyography
examination in both groups, there was no comparison of electromyographic signals of each muscle
innervated by the upper limb peripheral nerves was made.

In conclusion, stroke may lead to extensive damage of the HUE nerves, and the SS may aggravate the
damage degree of the HUE nerves, especially in the axillary, the musculocutaneous and the suprascapular
nerves. The occurrence of the SS in post-stroke patients should impact the functional recovery of the
HUE. Therefore, the protection of the shoulder joint on the HUE should be strengthened in the early stage
of stroke. Follow-up studies can explore the change rule of the impact of SS on nerve conduction in
hemiplegia, and the effectiveness of different shoulder protection strategies on nerve conduction and
function in the HUE after stroke.

Abbreviations
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compound muscle action potential; HUE:hemiplegic upper extremity; N-SS:non-shoulder subluxation;
SNAP:sensory nerve action potential; SS:shoulder subluxation.
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Table legends

Table 1. Evaluation of upper limb motor nerve conduction

CMAP: compound muscle action potential
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Table 2. Evaluation of upper limb sensory nerve conduction

SNAP: sensory nerve action potential

Table 3. Clinical characteristics of patients with or without SS

SS: Shoulder subluxation; N-SS: Non-shoulder subluxation.

Table 4. The CMAP amplitude (mV) of peripheral nerves on upper limb in patients with or without SS

Values are mean ± SD. CMAP: compound muscle action potential; SS: Shoulder subluxation; N-SS: Non-
shoulder subluxation. Compared with N-SS group,①P༜0.05;②P༜0.01

Table 5. The CMAP latency (msecs) of peripheral nerves on upper limb in patients with or without SS

Values are mean ± SD. CMAP: compound muscle action potential; SS: Shoulder subluxation; N-SS: Non-
shoulder subluxation. Compared with N-SS group,②P༜0.01;③P༜0.00

Table 6. The motor conduction velocity (m/sec) of peripheral nerves on upper limb in patients with or
without SS

Values are mean ± SD. SS: Shoulder subluxation; N-SS: Non-shoulder subluxation. Compared with N-SS
group,①P༜0.05

Table 7. The SNAP amplitude (µV) of peripheral nerves on upper limb in patients with or without SS

Values are mean ± SD. SNAP: sensory nerve action potential; SS: Shoulder subluxation; N-SS: Non-
shoulder subluxation.

Table 8. The sensory conduction velocity (m/sec) of peripheral nerves on upper limb in patients with or
without SS

Values are mean ± SD. SS: Shoulder subluxation; N-SS: Non-shoulder subluxation.

Table 9. The Brunnstrom stage on affected upper limb of patients with or without SS

SS: Shoulder subluxation; N-SS: Non-shoulder subluxation.

Table 10. The Brunnstrom stage on affected hand of patients with or without SS

SS: Shoulder subluxation; N-SS: Non-shoulder subluxation.

Figures
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Figure 1

Shoulder subluxation, one or more fingers breadths in the upper part of the gleno-humeral joint space of
the paralyzed shoulder, humeral head partially detached from glenoid.
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