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Abstract

Background Approximately 30% of post-operative breast cancer patients develop shoulder joint movement
disorders affecting routine upper limb movement. This study discusses the impact of a neuromuscular joint
facilitation (NJF) method on the physical function of breast cancer patients experiencing shoulder dysfunction during
chemotherapy after radical surgery.

Methods This study included 162 female patients who have unilateral breast cancer in a cancer hospital in China.
They developed shoulder joint mobility disorders during chemotherapy within 1-3 months postoperatively. These
patients were divided into three groups: NJF, conventional rehabilitation (conventional group), and control groups.
The clinical examination included the maximum passive and active range of motion (ROM) of the shoulder (flexion,
extension, abduction, adduction, and external and internal rotation). Other evaluations included a pain score using
a visual analog scale (VAS), grip strength, and supraspinatus muscle thickness. All tests were evaluated pre-and
post-intervention.

Results The NJF group showed a significant increase in all shoulder ROM angles post-intervention. In the
conventional group, all other ROM values increased significantly, except passive external rotation ROM. In the control
group, all other ROM values increased significantly, except passive and active external rotation ROM. All three groups
had decreased VAS scores, increased grip strength, and supraspinatus muscle thickness post-intervention during
active abduction. In the control group, the supraspinatus contraction rate decreased significantly at 60° and 90°
abduction post-intervention compared to that at pre-intervention.
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Conclusion This study revealed that NJF during chemotherapy had positive clinical intervention effects, improving
shoulder joint mobility disorders, pain, grip strength, and external rotation following radical breast cancer surgery.

Clinical trial registration Chinese Clinical Trial Registry; https://www.chictrorg.cn/ (ChiCTR2300073170), registered

(03/07/2023).
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Background

Breast cancer is the most common cancer among
women; it has become the second most common cancer
globally and is the leading global cause of cancer-related
deaths after lung cancer. According to the estimates of
the International Cancer Research Center of the World
Health Organization (WHO), 1.67 million new cancer
cases and 525,000 deaths from breast cancer occur every
year [1, 2]. The annual breast cancer economic burden in
China approximates 970 million yuan [3]. The incidence
of breast cancer is high among women, with a 5-year sur-
vival rate of 92%. While surgery is a radical breast cancer
treatment option, it alone cannot effectively improve the
prognosis. After breast cancer surgery, the most common
upper limb dysfunctions include chest muscle stiffness,
lymphedema, rotator cuff disease, insufficient strength,
limited activity, pain, periarthritis of the shoulder, and
axillary web syndrome [4]. During the 5-year follow-up
after surgery, the incidence of lymphedema was 10-15%,
the incidence of restricted arm/shoulder mobility was
15-30%, and the incidence of arm/shoulder pain was
30-40% [5-8].

Shoulder joint dysfunction caused by breast cancer
treatment may be related to the pathological develop-
ment of the affected rotator cuff [9, 10]. After breast can-
cer surgery, neuromuscular injury in the shoulder girdle
may lead to rotator cuff disease in cancer patients [9]. The
supraspinatus muscle is a vital component of the rotator
cuff muscle group, playing a crucial role in stabilizing the
shoulder joint. Improving the rotator cuff muscle group
can enhance the motor function of the shoulder joint
[11]. During the post-operative evaluation and 6-month
follow-up, patients reported an increase in shoulder pain
intensity and a decrease in shoulder function [12]. The
trend of decreasing thickness of supraspinatus tendon
on the affected side of shoulder was observed in women
treated with breast cancer through ultrasound, which
may lead to shoulder dysfunction of breast cancer survi-
vors. Early detection of these possible structural changes
can assist in early or preventive treatment [13].

Previous studies have demonstrated that exercise inter-
ventions for breast cancer patients can improve physical
function, fatigue, depression, and quality of life. Exer-
cise interventions include aerobic exercise, resistance
training, yoga, etc. These exercises can improve muscle
strength and improve quality of life [14]. Resistance

training has been proved to enhance muscle function and
body composition. At the same time, the risk of death of
breast cancer patients undergoing resistance training has
been reduced by 33% [15, 16]. Active exercise and physi-
cal therapy (stretching) benefits have previously been
reported to improve joint range of motion (ROM) and
post-operative pain. However, as a part of physical ther-
apy, there are few high-quality studies on the treatment
of shoulder joint dysfunction in breast cancer patients by
passive movement, resistance movement, stretching, and
myofascial therapy [17].

A proximal resistance neuromuscular joint facilitation
(NJF) method was developed in this study. NJF is a new
exercise therapy based on kinematics. This therapy com-
bines proprioceptive neuromuscular facilitation (PNF)
and joint kinematics, improving joint movement and
muscle strength through passive, active, and resistance
movements. NJF shoulder movement pattern is different
from the traditional single axis shoulder movement train-
ing method. NJF combines the technical principle of PNF
(applicable to resistance training, using muscle traction,
traction and diagonal spiral motion pattern) to perform
spiral diagonal motion of the upper limb. At the same
time, according to the concave-convex method of joint,
resistance was applied to the proximal humeral head dur-
ing the movement [18]. Proximal joint resistance move-
ment is the essential feature of this therapy. Additionally,
proximal joint resistance movement can stimulate peri-
capsular muscle contraction, improving limb move-
ment function by refining joint dynamic stability during
limb movement. Previous studies demonstrated that
using NJF shortened electromyography reaction time,
enhanced muscle strength, and improved joint flexibil-
ity and ROM [19-22]. We hypothesized that there is an
improvement in the active contraction of the rotator cuff
muscle by providing proximal shoulder joint resistance,
thereby improving shoulder joint dysfunction after radi-
cal mastectomy.

This study aimed to explore the effect of NJF interven-
tion on the physical function of patients with shoulder
dysfunction during chemotherapy after radical cancer
surgery.
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Methods

Participants

This study was conducted at Beijing Chaoyang San-
huan Cancer Hospital (Beijing, China) between Novem-
ber 2020 and March 2022. This study was approved
by the Ethics Committee of the Third Ring Can-
cer Hospital in Chaoyang District, Beijing (registra-
tion number: ZH-2,002,013). This trial was recorded
in the Chinese Clinical Trial Registry (registration
date: registered (03/07/2023). registration number:
(ChiCTR2300073170). All procedures were performed
following the regulations and requirements of the organi-
zation. All patients or their legal guardians agreed to par-
ticipate and signed an informed consent form.

This study included 162 female patients with unilat-
eral breast cancer who developed shoulder joint mobil-
ity disorders during chemotherapy within 1-3 months
postoperatively. The characteristics of the participants
are presented in Table 1. These patients were randomly
divided into three groups: NJF, conventional rehabili-
tation (conventional group), and control groups. Age,
body mass index, and surgical side information were
collected from all patients. Additionally, patient files
were inspected to determine the surgical treatment type
(modified radical mastectomy [MRM]/breast-conserving
surgery [BCS] or sentinel lymph node biopsy/BCS/axil-
lary lymph node dissection [ALND]). Body mass index
(kg/m?) was calculated as the weight (kg) divided by
height squared (meters).

Sample size

The required sample number was calculated using the
G*Power software. The analysis of variance (ANOVA)
with repeated measures and within-between interaction
methods was used. Using literature and previous case
analyses, considering a 0.20 effect size and a 0.05 bilateral
significance level [23, 24]. This study’s sample size was
calculated using an o of 0.05 and a test efficacy (1-p) of
0.8. The minimum total sample size of 99 was calculated.

Randomization

This study used a simple randomized method. Using the
random number sequence generated by computer soft-
ware, all eligible participants were randomly assigned
to three groups. To eliminate bias, randomization was

Table 1 Participant characteristics

NJF group Conven- Control Sum
(n=51) tional group group total
(n=50) (n=61) (n=162)
Age (y) 513+11.2 495+10.7 506+124 505+11.5
Height (cm) 163.1+£48 161.2+5.1 161.1£53 161.7+£52
Weight (kg) 65.2+88 62.2+109 656+11.0 644+104

Note values are presented as meanststandard deviation. There were no
significant differences between groups at the 0.05 level
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conducted by individuals who were not familiar with the
research group. And kept in a sealed opaque envelope.
The envelope can only be opened when the qualified
subject agrees to enter the test, thereafter, the subjects
received the corresponding intervention methods. In
addition, a single blind method was used in this study.
The responsible investigator will not be involved in
recruitment, randomization, evaluation, or data analysis.
The evaluators, and statisticians were not aware of the
intervention measures for each group.

Assessments

A physical therapist conducted the clinical examination,
which included the maximum passive and active shoul-
der ROM during flexion, extension, abduction, adduc-
tion, and external and internal rotation. Grip strength,
supraspinatus muscle thickness, and a pain score using a
visual analog scale (VAS) were evaluated. Statistical anal-
yses were performed using the mean values of the above
tests pre-and post-intervention.

Based on the American Medical Association guide-
lines, a skilled physical therapist measured the maximum
passive and active ROM during extension, abduction,
adduction, and internal and external rotation using a
goniometer [25].

The shoulder pain evaluation during active shoulder
joint movement was scored using the VAS. A 10-centi-
meter line was drawn, with the left end marked as “no
pain” and the right end marked as “most severe pain
experienced” Each participant marked the degree of pain
pre- and post-treatment, and the distance to the leftmost
end was measured.

Supraspinatus muscle thickness was measured using
ultrasound (US) imaging (US; B mode, 5 MHz C5-1
transducer), a reliable method for evaluating muscle atro-
phy [26, 27]. A magic marker was used to indicate the
50% site above the scapular spine (linear distance from
the acromial angle to the supra-scapular angle); the probe
was then applied perpendicularly to the long axis of the
muscle, and the longitudinal image was measured.

The US images were obtained using a probe applied
with echo jelly to get clear images without compression
of the superficial musculature. Supraspinatus muscle
thickness was defined as the distance from the fascia
at the trapezius muscle border to the scapula. Initially,
patients practiced operating the US machine under the
guidance of a clinical laboratory technician for approxi-
mately 1 month. The supraspinatus muscle thickness was
measured at 0°, 30°, 60°, and 90° active shoulder abduc-
tion on the affected side in a sitting position. The supra-
spinatus muscle thickness at 0° shoulder dips was used as
a reference value to calculate the supraspinatus contrac-
tion rate at 90° abduction [28, 29].
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Supraspinatus contraction rate (%)=supraspinatus
muscle thickness at 90° active abduction/supraspinatus
muscle thickness at 0° abduction.

The upper limb grip strength of the unimpaired side
was tested as a whole-body endurance indicator assessing
physical and upper limb muscle strength [30]. Standard
grip dynamometry was used to measure grip strength.

Interventions

In the conventional group, all patients received four
physical treatments. Physical therapy included 10 min of
warming up and cooling down, including stretching and
strengthening exercises. Patients performed ten replicate
sets using TheraBand® for moderate-intensity shoulder
flexor and abductor exercises, as well as intensive elbow
flexor exercises. All exercises were conducted under the
supervision of a physical therapist. Additionally, physi-
cal therapists conducted 20 min of manual treatment,
including mild circular mobilization of the identified
dense and hard chest wall tissue [31], as well as passive
and active ROM exercises of the shoulder. Intervention
frequency is once a day for four consecutive days.

In the NJF group, all patients received four physi-
cal treatments. Four NJF shoulder patterns were used:
shoulder flexion-abduction-external rotation; shoulder
extension-adduction-internal rotation; shoulder flexion-
adduction-external rotation; and shoulder extension-
abduction-internal rotation [21, 22]. Each pattern was
performed three times as passive and resistance exer-
cises. One set consisted of four NJF shoulder patterns,
one set per day for four consecutive days. For patients
admitted to the hospital for chemotherapy, just for a
5-day stay, the intervention was performed four con-
secutive times. The same physiotherapist supervised
the intervention to avoid individual differences in treat-
ment. The physical therapist who participated in the NJF
technique operation in this study holds the NJF certified
therapist qualification certificate organized by the Soci-
ety of Physical Therapy Science and the International
NJF Research Institution, and has more than five years of
experience in using NJF technology.

The shoulder extension-adduction-internal rotation
pattern, during NJF shoulder flexion-abduction-external
rotation resistance exercises, the right hand of the phys-
iotherapist was placed behind the right shoulder major
tubercle of the patient to resist movement of the humeral
head. Resistance was provided throughout the movement
to the patient’s shoulder during flexion, abduction, and
rotation [18]. During passive exercise, the patient was
assisted with shoulder flexion-abduction-external rota-
tion, and the left hand of the physiotherapist promoted
the correct movement of the humeral head.

The shoulder extension-adduction-inter-
nal rotation pattern, during NJF  shoulder
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extension-adduction-internal rotation resistance exer-
cises, the left hand of the physiotherapist was placed in
front of the right shoulder major tubercle of the patient
to resist movement of the humeral head. Resistance
was provided throughout the movement to the patient’s
shoulder during extension, adduction, and internal rota-
tion. During passive exercise, the patient was assisted
with shoulder extension-adduction-internal rotation, and
the left hand of the physiotherapist promoted the correct
movement of the humeral head.

The shoulder flexion-adduction-external rotation pat-
tern, during NJF shoulder flexion-adduction-external
rotation resistance exercises, the left hand of the phys-
iotherapist was placed behind the right shoulder major
tubercle of the patient to resist movement of the humeral
head. Resistance was provided throughout the movement
to the patient’s shoulder during flexion, adduction, and
external rotation. During passive exercise, the patient was
assisted with shoulder flexion-adduction-external rota-
tion, and the left hand of the physiotherapist promoted
the correct movement of the humeral head.

The shoulder extension-abduction-internal rotation
pattern, during NJF shoulder extension-abduction-
internal rotation resistance exercises, the left hand of the
physiotherapist was placed in front of the right shoulder
major tubercle of the patient to resist movement of the
humeral head. Resistance was provided throughout the
movement to the patient’s shoulder during extension,
abduction, and internal rotation. During passive exercise,
the patient was assisted with shoulder extension-abduc-
tion-internal rotation, and the left hand of the physio-
therapist promoted the correct movement of the humeral
head.

In control groups, physical therapists did not intervene
in the control group besides providing the patients with
a self-training manual comprising suggestions as well as
exercise methods for arms and shoulders. The manual
described the correct method of active shoulder joint
movement and suggested that the patient should train
independently if necessary.

Data analysis

This study used bivariate ANOVA for statistical analysis,
using different group factors pre-and post-intervention.
If interactions were found, univariate ANOVA and multi-
ple comparisons (Bonferroni test) were performed using
SPSS 23.0 statistical software analysis with a significance
set at p<0.05.

Results

BCS and MRM were performed in 74 (45.7%) and 88
(54.3%) patients, respectively. ALND was performed in
most patients (77.8%). Table 2 summarizes the patient
clinical characteristics.
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Table 2 Clinical characteristics of the study patients (h=162)

Age, years 505+115
BMI (kg/m?2) 247+37
Type of surgery

BCS (+SLNB) 28(17.2)
BCS (+ALND) 46 (28.4)
MRM 88(54.3)
Type of lymph node dissection

SLNB 36(22.2)
ALND 126 (77.8)
Operation side

Right 86 (53.1)
Left 76 (46.9)
Grip strength (kg) 20.3+5.8

VAS 19+£15

Values are presented as meanzxstandard deviation or n (%). BCS, breast-
conserving surgery; BMI, body mass index; MRM, modified radical mastectomy;
SLNB, sentinel lymph node biopsy; ALND, axillar lymph node dissection; VAS,
visual analogue scale, pain severity score

Two-way ANOVA revealed interactive effects in all
shoulder joint ROM angles. The NJF group demon-
strated significant increases in all angles post-interven-
tion (p<0.01). In the conventional group and the control
group, all other ROM values increased significantly,
except external rotation ROM (p<0.01) (Table 3).

Compared to the control group, post-intervention one-
way ANOVA results revealed significantly increased pas-
sive and active flexion in the NJF and conventional groups
(p<0.01). Additionally, passive extension (p<0.01) and
external rotation (p<0.05) significantly increased in the
NJF group than in the control group (p<0.01). Passive
abduction significantly increased in the NJF (p<0.01) and
conventional (p<0.05) groups than in the control group.
Furthermore, active abduction significantly increased
in the conventional group than in the control group
(p<0.05). However, no significant difference in active
extension and external rotation was observed among the
groups (Table 3).

Two-way ANOVA results demonstrated an interaction
effect in the VAS (p<0.01). The three groups exhibited
significantly decreased VAS scores post-intervention.
One-way ANOVA results revealed no significant differ-
ences between groups (Table 4).

An interaction effect for grip strength was demon-
strated using two-way ANOVA. All groups displayed
significantly increased grip strength between pre- and
post-intervention (Table 4).

Similarly, supraspinatus muscle thickness during active
abduction exhibited an interaction effect using two-way
ANOVA. In the NJF and conventional groups, all abduc-
tion angles were significantly increased between pre- and
post-intervention. The control group exhibited significant
increases in drooping position and 30° shoulder abduc-
tion between pre-and post-intervention (Table 5).
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For the supraspinatus contraction rate, two-way
ANOVA results showed an interaction effect. Supra-
spinatus contraction rate increased in all groups at 30°
abduction post-intervention. However, the control group
demonstrated a significantly decreased supraspinatus
contraction rate at 60° and 90° abduction between pre-
and post-intervention (Table 6).

Discussion

This study investigated the effect of NJF intervention on
the physical function of patients with shoulder mobil-
ity disorders during chemotherapy after radical breast
cancer surgery. Josenhans [32] described symptom
improvement in shoulder joint ROM, pain reduction,
and shoulder joint dysfunction enhancement following
six physical therapy sessions. This study demonstrated
that four physical therapy sessions improved shoulder
joint mobility, pain score, grip strength, supraspinatus
thickness, and supraspinatus distensibility in all patients.
Additionally, the NJF group exhibited greater shoulder
joint external rotation improvement than the conven-
tional and control groups. This improvement greatly
affected the upper limb function of patients after radi-
cal breast cancer surgery. Previous studies have shown
that ROM and ROM-related strengthening exercises
improved ROM during shoulder flexion, abduction, and
external rotation following radical breast cancer sur-
gery. However, shoulder abduction and external rota-
tion showed less recovery [33]. This study demonstrated
a facilitative effect on external rotation muscles because
shoulder flexion-abduction-external rotation and flexion-
adduction-external rotation NJF resistance movement
patterns involved spiral diagonal movements and trac-
tion during resistance.

Passive movement techniques such as massage, joint
mobilization, and distraction can achieve immediate
results in clinical practice. However, the therapeutic
effect is challenging to maintain because muscle func-
tions, especially those supporting joint stability, such as
rotator cuff muscles, do not improve post-treatment.
Previous studies have shown that resistance exercise is
beneficial for alleviating pain, improving lymphedema,
and improving upper-limb motor function [34—36]. NJF
uses proximal joint resistance for peri-articular rota-
tor cuff muscle activation, promoting joint stability and
improving intracapsular motion. Furthermore, shoulder
joint NJF has previously been reported to show better
improvements in shoulder mobility and pain compared
to joint mobilization in patients with a frozen shoul-
der [37]. NJF improves upper limb motor function by
relieving pain and increasing joint activity in patients
with hemiplegic shoulder pain [38]. In Yoo et al’s 8-week
water exercise study and Chae et al’s study, the extension
and abduction angles of the intervention group increased
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Table 3 Range of motion of the shoulder joint
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NJF group (n=51)

Conventional group
(n=50)

Control group
(n=61)

p-values for com-
parison between

groups
Flexion Passive Before 138.3(29.2) 131.5(32.9) 130.9(28.5) P>0.05
After 153.9(24.4) 152.4(23.6) 135.9(27.8) NJF group and con-
P-value P <0001 P <0001 P<001 trol group, P<0.01;
95% C| -20.29,-11.05 -25.77,16.01 -8.12,1.98 Conventional
group and control
group, P<0.01.
Active Before 125.3(30.1) 124.7(26.7) 127.3(28.3) P>0.05
After 149.0(22.6) 146.3(20.7) 132.4(28.1) NJF group and con-
P-value P <0001 P <0001 P<001 trol group, P<0.01;
95% C| -28.93,-1863 -25.17,-17.95 -7.89,-2.25 Conventional
group and control
group, P<0.01.
Extension Passive Before 44.1(6.4) 44.3(6.1) 43.5(7.7) P>0.05
After 48.8(7.3) 46.9(5.3) 452(64) NJF group and con-
P-value P<0.001 P<0.001 P<001 trol group, P<0.01.
95% Cl -6.88,-2.62 -3.90,-1.34 -2.85,-0.52
Active Before 42.3(6.5) 43.2(7.6) 42.8(7.7) P>0.05
After 46.4(5.2) 46.3(6.8) 44.6(7.0) P>0.05
P-value P<0.001 P<0.001 P<0.01
95% Cl -5.66,-2.61 -441,-1.81 -2.85,-0.65
Abduction Passive Before 136.9(32.0) 125.5(35.8) 129.2(31.0) P>0.05
After 152.2(24.0) 149.6(29.2) 134.9(30.9) NJF group and con-
P-value -20.13,-10.42 -30.24,-18.00 -8.71,-2.55 trol group, P<0.01;
95% C| P<0.001 P<0.001 P<001 Conventional
group and control
group, P<0.05.
Active Before 1273(31.2) 118.7(33.9) 126.1(31.0) P>0.05
After 144.1(24.2) 145.2(27.4) 132.5(30.5) P>0.05
P-value P<0.001 P<0.001 P<0.001
95% Cl -2143,12.30 -32.39,20.75 -9.61,313
Adduction Passive Before 39.9(6.6) 38.1(7.8) 38.3(7.0) P>0.05
After 42.5(4.0) 42.7(3.8) 40.8(5.6) P>0.05
P-value P<0.01 P<0.001 P<0.001
95% Cl -4.36,-0.96 -6.33,-2.95 -3.63,-1.28
Active Before 38.0(8.0) 374(8.2) 37.7(7.4) P>0.05
After 41.4(4.4) 425(3.8) 39.8(6.6) Conventional
P-value P<0.001 P<0.001 P<001 group and control
95% C -5.17,-167 -6.91,-329 -3.36,-091 group, P<0.05.
External rotation Passive Before 524(9.4) 53.009.7) 53.1(11.6) P>0.05
After 57.1(74) 549(7.1) 53.7(74) NJF group and con-
P-value P<0.01 P>0.05 P>005 trol group, P<0.05.
95% Cl -7.30,-2.15 -4.55,0.59 -3.01,1.89
Active Before 50.6(10.3) 51.009.1) 514(9.6) P>0.05
After 55.9(8.0) 54.3(7.1) 52.7(84) P>0.05
P-value P<0.001 P<0.01 P>0.05
95% Cl -7.93,-2.64 -5.24,-1.50 -3.16,043
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Table 3 (continued)
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NJF group (n=51)

Conventional group  Control group p-values for com-

(n=50) (n=61) parison between
groups
Internal rotation Passive Before 56.5(14.6) 52.9(14.4) 60.1(12.5) Conventional
group and control
group, P<0.05.
After 61.3(9.0) 60.3(9.7) 63.4(9.2) P>0.05
P-value P<0.001 P<0.001 P<0.01
95% Cl -7.25,-2.48 -10.05,-4.78 -5.22,-1.19
Active Before 53.7(15.7) 522(14.3) 59.4(12.8) Conventional
group and control
group, P<0.05.
After 60.1(9.4) 59.7(9.8) 62.5(9.5) P>0.05
P-value P<0.001 P<0.001 P<0.01
95% Cl -9.24,-3.68 -10.13,-4.83 -5.27,-1.01

Note values are presented as means (standard deviation) (unit: angle)

Before and after: p-values for comparison within groups via paired t-test

Compared with the control group: p-values for comparison between groups via Bonferroni test

NJF: neuromuscular joint facilitation; Cl: confidence interval

Table 4 VAS and grip strength

NJF Conven- Control  p-values for
group tional group comparison
(n=51) group (n=61) between
(n=50) groups
VAS Before 2.18(1.44) 1.74(1.24) 1.87(1.30) P>0.05
After 1.24(0.95) 1.14(0.83) 1.52(1.19) P>0.05
P-value P<0.001 P<0.001 P<0.001
95% Cl 0.663, 0.356, 0.183,
1.219 0.844 0.505
Grip Before 21.4(4.9) 194(4.8) 20.0(54) P>0.05
strength  After 232(44) 235(33) 21.04.7) P>005
(kg) Pvalle P<0001 P<0001 P<00
95% Cl -2.251, -5.039, -1.812.
-1.323 -3.289 -0.251

Note values are presented as means (standard deviation)

NJF: neuromuscular joint facilitation; Cl: confidence interval; VAS: visual
analogue scale, pain severity score

p-values for comparison within groups via paired t-test

compared to the control group, but there was no change
in the external rotation angle [39]. After NJF interven-
tion, the external rotation angle of the shoulder joint was
improved. In addition, Park et al's study showed that aer-
obic training and strength training improved the range
of motion of the shoulder joint in patients with breast
cancer after surgery, and the flexion angle of the shoulder
joint increased by 7.66° [40, 41]. In this study, the average
flexion angle of the shoulder joint increased by 15.6°. This
study demonstrated the active role of NJF in shoulder
function rehabilitation in breast cancer patients.

This study established the supraspinatus muscle con-
traction rate as a new index for shoulder dysfunction
assessment. Muscle contraction rate represents muscle
contraction function, elasticity, and activity, which are
objective indicators for assessing muscle function. The

Table 5 Supraspinatus muscle thickness during active
abduction motion of the shoulder joint

Abduc- NJF Conven- Control p-values for
tion group tional group comparison
angle (n=51) group (n=61) between
() (n=50) groups
0° Before 1.30(0.29) 1.29(0.26) 1.37(0.23) P>0.05
After 142(0.24) 136(0.23) 141(024) P>0.05
P-value P<0.001 P<0.001 P<0.01
95% Cl -0.156, -0.102, -0.059,
-0.076 -0.045 -0.017
30° Before 147(0.29) 1.44(0.20) 1.50(0.26) P>0.05
After 1.56(0.24) 1.49(0.19) 1.53(0.26) P>0.05
P-value P<0.001 P<0.001 P<0.05
95% Cl -0.142, -0.065, -0.066,
-0.049 -0.036 -0.001
60° Before 1.58(0.28) 1.58(0.19) 1.64(0.20) P>0.05
After 1.69(0.23) 1.65(0.17) 1.66(0.22) P>0.05
P-value P<0.001 P<0.001 P>0.05
95% Cl -0.156, -0.098, 0.040-,
-0.061 -0.059 0016
90° Before 1.68(0.31) 1.74(0.19) 1.74(0.24) P>0.05
After 1.80(0.25) 1.81(0.18) 1.76(0.26) P>0.05
P-value P<0.001 P<0001 P>005
95% Cl -0.159, -0.089, -0.037,
-0.078 -0.049 0.009

Note values are presented as means (standard deviation) (unit: cm)
NJF: neuromuscular joint facilitation; CI: confidence interval

p-values for comparison within groups via paired t-test

increase in the supraspinatus contraction rate reflects
increased muscle expansion and enhanced muscle con-
traction ability [28, 29]. Furthermore, as there may be
individual differences in muscle thickness, muscle dis-
tensibility can be objectively compared between indi-
viduals eliminating the issue of individual differences.
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Table 6 The supraspinatus muscle contraction rate during the
active abduction motion of the shoulder joint

Abduc- NJF Conven- Control p-values for
tion group tional group  comparison
angle (n=51) group (n=61) between
(°) (n=50) groups
30° Before 104(17)  107(11) 107(13)  P>0.05
After 111(13) 112(15) 109(12) P>0.05
P-value P<0.001 P<0.001 P<0.05
95% Cl -0.110, -0.056, -0.044,
-0.033 -0.025 -0.000
60° Before 124(19)  125(18) 122(16) P>0.05
After 121(23) 124(18) 119(16) P>0.05
P-value P>005 P>005 P<0.01
95% Cl -0.024, -0.018,0.043  0.007,
0.073 0.044
90° Before 132(23) 139(21) 130(22) P>0.05
After 129(20) 136(20) 127(21)  P>0.05
P-value P>005 P>005 P<0.05
95% Cl -0.009, -0.007,0.070  0.006,
0.072 0.052

Note values are presented as means (standard deviation) (unit: %)
NJF: neuromuscular joint facilitation; Cl: confidence interval

p-values for comparison within groups via paired t-test

Supraspinatus contraction rate increased at 30° abduc-
tion post-intervention in all groups in this study. How-
ever, in the control group, supraspinatus contraction rate
significantly decreased at 60° and 90° abduction between
pre-and post-intervention, implying that supraspinatus
muscle contraction capacity will reduce without active
motor intervention. In the NJF group, the supraspi-
natus contraction rate was unchanged. This suggested
that despite an improved range of motion of the shoul-
der joint, the function of the rotator cuff muscles would
decrease without resistance proximal to the joint.

Our study has some limitations. Firstly, this study
lacks an untreated control group because it is unethical
for patients not to receive treatment during chemother-
apy. Therefore, the natural shoulder function process in
patients following radical breast cancer surgery could not
be observed. Secondly, this is a short-term effect obser-
vation study; however, long-term intervention and regu-
lar follow-up are necessary. Therefore, we will conduct
a long-term intervention study of NJF for more than 8
weeks in the future and follow-up the effect of the inter-
vention to explore the long-term effect of NJF in improv-
ing shoulder dysfunction in patients with breast cancer.
Data related to drugs and radiotherapy have not been col-
lected, so it is not clear whether they may have affected
the results and improved the effectiveness. Due to the
limited sample size, there was no comparative analysis of
different surgical types. We will discuss it in our future
work. In our future work, we will include more sample
sizes to further analyze the intervention effects of differ-
ent surgical types. In addition, we will collect data related
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to drugs and radiotherapy, understand the impact of sur-
gical types, drugs, and radiotherapy on the intervention
effects, and raise the rigor of the research.

Conclusions

In conclusion, this study suggests that NJF treatment is
superior to traditional rehabilitation treatment. NJF has
positive clinical intervention effects in improving shoul-
der joint mobility disorders, pain, grip strength, and
external rotation movement of the shoulder joint during
chemotherapy after radical breast cancer surgery. NJF
treatment demonstrates rapid and effective alleviation
of shoulder joint dysfunction in breast cancer patients,
thereby enhancing upper limb motor ability. Moreover,
the standardized operating pattern of NJF facilitates ther-
apists’ proficiency and promotes its clinical applicability.
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