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the axillary region after ALND. In the control group (n = 46), ALND was performed without
using Guardix-SG®.

Comparing ROM for shoulder flexion before surgery (178.2°) and 12 months after surgery
(172.3°%), that was restored 12 months after surgery in the Guardix-SG® group, and there
was no statistically significant difference between that at before surgery and 12 months after
surgery (p = 0.182). No adverse effect was observed in either group.

Conclusions

The results of this study have shown that Guardix-SG® help improve shoulder ROM without
causing adverse effects in patients who underwent breast cancer surgery. However, there
was no statistically significant difference from the control group. A further large-scale study
is needed to obtain a more conclusive conclusion.

Trial registration
CRISKCTO0003386; https://cris.nih.go.kr (20181207)

Introduction

As the life expectancy of women with breast cancer is prolonged, there is a need to improve
their quality of life (QOL) during or after breast cancer treatment. Adverse effects that mainly
occur after breast cancer surgery include pain in the arms, sensory changes, muscle weakness,
lymphedema, restricted shoulder mobility, and decreased function. Limitation of shoulder
range of motion (ROM) and muscle weakness reduce activities of daily living and negatively
affect QOL [1-5]. A less invasive surgical procedure and more selective treatment were used,
but upper extremity dysfunction remains a serious complication after treatment [6]. The effort
to reduce the complications of axillary lymph node dissection (ALND) is particularly neces-
sary. In their prospective study, Kootstra et al. reported that the rate of complications includ-
ing lymphatic edema, limitations on upper extremity mobility and shoulder ROM, and muscle
weakness was significantly lower in the sentinel lymph node biopsy group than in the ALND
group [7]. Patients who underwent mastectomy had more reduced shoulder ROM and a
higher frequency of pectoralis muscle tightness than those who underwent breast-conserving
surgery. Moreover, postoperative radiotherapy and the postoperative period are important fac-
tors. In addition, shoulder ROM was most reduced within 12 months after surgery and better
thereafter [2-5]. Upper extremity functions are essential in maintaining general QOL, particu-
larly in maintaining independent living and performing tasks that require physical strength
[8]. Therefore, physical, mental, and social burdens may increase if the upper extremity func-
tions decrease. Chronic upper extremity dysfunction is a long-term complication that occurs
after breast cancer surgery, which considerably affects QOL and the performance of routine
activities [9-11].

Adhesion at the surgical site after ALND is major cause of decreased shoulder ROM, pec-
toralis tightness, and pain. Therefore, we expect a significant reduction in these symptoms
through effective anti-adhesion methods, which include minimization of intraoperative resec-
tion, use of anti-inflammatory drugs, and stimulation of plasminogen activator to prevent
fibrin formation.

PLOS ONE | https://doi.org/10.1371/journal.pone.0238284 September 23, 2020 2/13


https://cris.nih.go.kr/
https://doi.org/10.1371/journal.pone.0238284

PLOS ONE

The effects of poloxamer and sodium alginate mixture on range of motion after axillary lymph node dissection

In recent years, methods that use physical barriers have been employed [12, 13].Materials
used for the physical barriers materials include oxidized regenerated cellulose from natural
polysaccharides, sodium carboxymethyl cellulose, dextran, and sodium hyaluronate. Further,
synthetic polymers such as polyethylene glycoland poloxamer are used.

Guardix-SG® (HanmiPharmaceutical Co. Ltd., Seoul, Korea) is an anti-adhesion agent
consisting of poloxamer and sodium alginate. It prevents adhesion by forming a physical bar-
rier on the surface of the wound tissue [14].

In this pilot study, patients undergoing modified radical mastectomy or breast-conserving
surgery were followed up for 12 months after ALND surgery. The purpose of this study was to
evaluate the effect of Guardix-SG® on shoulder ROM and its safety after breast cancer

surgery.

Methods
Participants

Between January 2016 and December 2016, a total of 83 women with breast cancer underwent
ALND at Asan Medical Center. Patients with carcinoma in situ, stage IV breast cancer, other
preoperative shoulder diseases and shoulder disabilities, and previous history of ipsilateral
breast surgery or axillary surgery; those who underwent mastectomy with reconstruction; and
those who were pregnant or lactating were excluded. The protocol used in this study was
approved by the Asan Medical Center institutional review board on March 14, 2014, and all
participants provided written informed consent (20140234). Patients were enrolled between
January 4, 2016 and December 19, 2016, and their last follow-up date was December 19, 2017.
Since registration began, enrollment was delayed due to the plan, which seems to have recently
reduced the number of ALND performed after preoperative chemotherapy. The authors con-
firm that all ongoing and related trials for this intervention are registered.

Interventions

This was a prospective, randomized, and double-blind pilot study. During surgery, the patients
were randomly assigned to either the Guardix-SG® group or the control group using the cov-
ered paper technique. Randomization to two treatment arms was performed at a 1:1 ratio
through stratified block randomization. Stratified randomization was applied to each type of
surgery (mastectomy vs. breast-conserving surgery) because the effect of shoulder disability on
different surgical methods may differ. Since the block random size was 10, there was some
imbalance in stratification for the surgical method. Papers were numbered and covered until
the intervention was assigned, and the covered papers were peeled off after completion of
ALND. We applied Guardix-SG®) after ALND to the axillary surface of patients in the Guar-
dix-SG® group, whereas Guardix-SG®) was not applied after surgery in the control group.
All patients in both groups took part in a regular exercise programs as part of routine care,
which consisted of neck rotation, neck muscle stretches, pectoralis stretches, overhead shoul-
der stretches, and arm circles. All patients received useful information about self-care, includ-
ing general shoulder ROM exercises after surgery. All patients in both groups visited the
outpatient rehabilitation department after surgery, and physiotherapy was performed, if it was
necessary.

Outcome measures

All data were prospectively collected by the double-blind method at baseline (T0) and at 3
(T1), 6 (T2), and 12 months (T3) after surgery. The primary outcome was shoulder ROM at 12
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months after surgery in the affected upper extremity. Shoulder ROM has three components:
abduction, flexion and horizontal abduction. All ROMs were measured in the subjects in a
seated position using a goniometer based on our clinical experience. Secondary outcome mea-
sures were (1) pain associated with movement, which was assessed using a numeric rating
scale (NRS) (0 represents “no pain” and 100 represents “worse pain imaginable”) and (2)
lymphedema assessed using body composition analyzer (Inbody S10;Bio-sapce, Korea). We
obtained values for extracellular fluid (ECF) using bioelectrical impedance spectroscopy (BIS),
specific to ECF and more sensitive to localized lymphedema. The ECF ratios of the affected to
unaffected arm were calculated[15]. Also, another secondary outcome was (3) Disabilities of
the Arm, Shoulder, and Hand (DASH) score [16, 17]. The validated Korean version of the
DASH questionnaire was used to measure symptoms and functional status based on physical
function according to the severity of the upper extremity dysfunction.

Postoperative safety assessment

Complications and drainage duration after surgery were recorded for each patient, and
adverse effects were monitored throughout the study. Drainage was assessed daily starting
from the day of surgery, and drainage was removed when the drainage volume decreased to
less than 20 mL over a 24-h period. The overall drainage output and incidence of symptomatic
seroma formation were also measured. A symptomatic seroma, defined as a palpable accumu-
lation of fluid under the wound with symptoms, was treated by aspiration or drainage inser-
tion. White blood cell and neutrophil counts were determined when an adverse reaction such
as inflammation was suspected.

Statistical analysis

We estimated that a sample size of 96 per group was needed to achieve 90% statistical power to
detect a mean difference in shoulder ROM of 10° using a one-sided, with a standard deviation
(SD) of 10° between treatment groups at a statistical significance level of 0.0083 [3]. Baseline
demographic and clinical characteristics of patients in the Guardix-SG®) group and the con-
trol groups were compared using the Student’s -test and chi-square test. Variables with small
cell sizes were analyzed using Fisher’s exact test.

The shoulder ROM, pain associated with movement, lymphatic edema assessed using body
composition analysis, and DASH score were included in the analysis, which was performed
using a repeated-measures. Means were modeled as a function of group assignment and study
visit (at baseline and at 3, 6, and 12 months). We used the Wilcoxon signed-rank test to com-
pare the difference among each time (0, 3, 6, 12 months). The differences at each time point
were compared. We show averaged lines and those values are derived from the nonparametric
estimation of mean functions called local polynomial regression fitting. Data management and
statistical analyses were performed using SPSS version 21.0 (SPSS, Chicago, IL, USA). The sta-
tistical methods used to estimate the 95% confidence interval.

Ethical approval

All procedures performed in studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards.

PLOS ONE | https://doi.org/10.1371/journal.pone.0238284 September 23, 2020 4/13


https://doi.org/10.1371/journal.pone.0238284

PLOS ONE

The effects of poloxamer and sodium alginate mixture on range of motion after axillary lymph node dissection

Results

Patient characteristics

Of the 131 recruited patients, 83 were included in the study for baseline evaluation, and 48

were excluded because they did not undergo ALND. Participants were randomly assigned to
either the Guardix-SG® group (n = 37) or the control group (n = 46) after primary baseline
assessment. The average age was 52.0 years (SD 9.8 years) in the Guardix-SG® group and 51.3
years (SD 10.0 years) in the control group. In the Guardix-SG® group and the control group,
the average tumor size was 2.6 cm (SD 2.4 cm) and 2.5 cm (SD 2.4 cm), and the mean number
of lymph nodes was 2.6 (SD 9.4) and 3.9 (SD 10.6), respectively. There was no statistical differ-
ence of these between the two groups. Other general characteristics are presented in Table 1.
Follow-up was performed at 3, 6, and 12 months. In the Guardix-SG® group, 2 and 3

patients were lost during the follow-up at 3 and 6 months, respectively, and 2 refused further

follow-up at 12 months; hence, the follow-up in only 30 patients was performed up to 12

months. Moreover, in the control group, 3 patients were lost during the follow-up at 3 months,

and 1 and 2 refused further follow-up at 6 and 12 months, respectively; hence, the follow-up in

only 41 patients was performed up to 12 months (Fig 1).

Table 1. Baseline characteristics of the subjects.

Characteristic
Age (years)
BMI (kg/m?)

Tumor size (cm)

Resected number of LN
Total drainage (mL)

Site
Left
Right
Surgery
Mastectomy
BCS
ALND only
ALND level
Level I
Level IT or I1I
Unknown
T stage
1,2
3,4
N stage
0,1
2,3
Stage
1,2
3
Radiotherapy
No
Yes

Guardix-SG group (N = 37)

52.0 (9.8)
25.1 (3.6)
2.6 (2.4)
11.9 (8.9)

4222 (245.1)

18 (48.6%)
19 (51.4%)

24 (64.9%)
13 (35.1%)
0(0)

13 (35.1%)
23 (62.2%)
1(2.7%)

31 (83.8%)
6 (16.2%)

26 (70.3%)
11 (29.7%)

21 (58.3%)
15 (41.7%)

4(10.8%)
33 (89.2%)

Control group (N = 46)

51.3 (10.0)
25.5 (4.7)
2.5(2.4)
15.5 (12.3)

521.5 (496.5)

27 (58.7%)
19 (41.3%)

24 (52.2%)
21 (45.6%)
1(2.2%)

12 (26.1%)
34 (73.9%)
0(0)

36 (78.3%)
10 (21.7%)

32 (69.6%)
14 (30.4%)

27 (62.8%)
16 (37.2%)

7 (15.2%)
39(84.8%)

p-value

0.764
0.618
0.775
0.134
0.239

0.361

0.381

0.116

0.663

0.945

0.686

0.374

BCS = breast conserving surgery; BMI = body mass index; LN = lymph node; ALND = axillary lymph node

dissection

https://doi.org/10.1371/journal.pone.0238284.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0238284 September 23, 2020

5/13


https://doi.org/10.1371/journal.pone.0238284.t001
https://doi.org/10.1371/journal.pone.0238284

PLOS ONE The effects of poloxamer and sodium alginate mixture on range of motion after axillary lymph node dissection
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(Meeting inclusion criteria)
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\ 4

Baseline evaluation = 83
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Randomization

A

Guardix-SG group Control group
(n=37) (n=46)
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12 months after surgery 12 months after surgery
T3 (n=30) T3 (n=41)

Fig 1. Flowchart of recruitment, randomization, and follow-up of study participants.

https://doi.org/10.1371/journal.pone.0238284.9001

Shoulder ROM comparison between two groups

At 3 months after surgery, there were no significant differences in all ROM types between both
groups. And, the follow-up at 6 and 12 months indicated that all ROM types had no statisti-
cally significant in the Guardix-SG®) group compared to those in the control group (Fig 2).
The mean value of ROM for shoulder abduction was 164.6° and 168.1° in the Guardix-SG®)
group and 166.9° and 175.5° in the control group at 6 and 12 months after surgery, respec-
tively. The mean value of ROM for shoulder flexion was 167.2° and 172.3° in the Guardix-
SG®) group and 169.6° and 177.2° in the control group at 6 and 12 months after surgery,
respectively. The mean value of ROM for horizontal abduction was 19.3° and 22.6° in the
Guardix-SG® group and 21.8° and 25.7° in the control group at 6 and 12 months after sur-
gery, respectively, without statistical significance (Table 2).

Chronological comparison of shoulder ROM from each group

The ROM for shoulder abduction, shoulder flexion, and horizontal abduction decreased in
both groups at 6 months after surgery but increased after 12 months (Fig 2). In other words,
ROM, which decreased after 6 months of surgery, recovered 12 months after surgery.
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Fig 2. Effect of Guardix-SG®) on the total shoulder range of motion (ROM). The graphs illustrate the longitudinal effect of Guardix-SG® on ROM, with the solid
and dashed lines representing the Guardix-SG®) group and the control group, respectively. a. Shoulder abduction. b. Shoulder flexion. c. Horizontal abduction.

https://doi.org/10.1371/journal.pone.0238284.9002

Comparing ROM for shoulder flexion before surgery (178.2°) and 12 months after surgery
(172.3°), that was restored 12 months after surgery in the Guardix-SG® group, and there was
no statistically significant difference between that at before surgery and 12 months after sur-
gery (p = 0.182). In the control group, the ROMs of shoulder flexion before surgery and 12
months after surgery were 178.6° and 177.2°, respectively. There was also no statistically signif-
icant difference (p = 0.505). And, ROM for horizontal abduction also showed similar trends

(Table 3).

Secondary outcomes analysis

Compared to the control group, the DASH score in the Guardix-SG® group improved after 3
months of surgery, but this was not statistically significant. In the Guardix-SG® group and
the control group, the median value of DASH score was 10.00 (Quartile range, 4.67-20.41)
and 10.8 (Quartile range, 4.17-22.50), respectively, at 3 months of follow-up. During the fol-
low-up, the median value of pain score was 20.00 (Quartile range, 0.00-45.00), 25.00 (Quartile

Table 2. Shoulder range of movement between preoperative and postoperative (3 months, 6 months, 12 months) in each group.

Shoulder Abduction Shoulder Flexion Horizontal abduction
mean SD p-value* mean SD p-value* mean SD p-value*
0 month
Control 178.5 4.5 0.709 178.6 4.2 0.529 24.4 9.9 0.909
Guardix-SG 178.2 4.8 178.2 4.6 23.7 7.8
3 months
Control 1714 18.7 0.505 170.4 14.8 0.313 22.2 114 0.638
Guardix-SG 172.2 13.5 169.5 11.1 19.4 9.4
6 months
Control 166.9 20.0 0.643 169.6 13.7 0.476 21.8 12.9 0.348
Guardix-SG 164.6 21.4 167.2 14.2 19.3 12.1
12 months
Control 175.5 9.6 0.918 177.2 8.1 0.516 25.7 9.4 0.330
Guardix-SG 168.1 25.8 172.3 20.3 22.6 12.6
*student t-test
https://doi.org/10.1371/journal.pone.0238284.t002
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Table 3. Comparison of the change of shoulder ROM between preoperative and postoperative (3 month, 6

month, 12 month) in control and Guardix-SG®-treated groups.

p-value 0 month
3m 6m 12m

Shoulder Abduction

Total <0.001 <0.001 0.011

Control 0.017 <0.001 0.117

Guardix-SG 0.008 0.002 0.037
Shoulder Flexion

Total <0.001 <0.001 0.136

Control 0.001 <0.001 0.505

Guardix-SG <0.001 <0.001 0.182
Horizontal abduction

Total 0.010 0.017 0.238

Control 0.206 0.319 0.069

Guardix-SG 0.014 0.022 0.854

*student t-test

https://doi.org/10.1371/journal.pone.0238284.1003

range, 3.50-38.00), and 21.00 (Quartile range, 3.00-50.00) at 3, 6, and 12 months after surgery,
respectively, in the control group. The median value of pain score was 11.00 (Quartile range,
2.50-33.00), 20.00 (Quartile range, 5.50-40.00), and 25.00 (Quartile range, 10.00-35.00) at 3,
6, and 12 months after surgery, respectively, in the Guardix-SG® group.
Body composition analysis showed no difference in lymphatic edema between both groups

at all periods (Table 4).

Discussion

Postoperative adhesions caused by wound hemorrhage, inflammation, and infection during
surgery [18] are nearly the same regardless of the tissue type in the human body. In the early

Table 4. Pain, DASH and body composition between preoperative and postoperative (3 month, 6 month, 12 month) in control and Guardix-SG®-treated groups.
Pain DASH ECF ratio
median | Quartile range (75%) | p-value* | median | Quartile range (75%) | p-value* | median | Quartile range (75%) | p-value*
0 month
Control 0 0.00-0.00 0.372 5.8 0.83-14.17 0.730 0.99 0.97-1.01 0.706
Guardix-SG 0 0.00-0.00 52 1.67-12.50 0.97 0.95-1.01
3 months
Control 20.0 0.00-45.00 0.621 10.8 4.17-22.50 0.774 1.01 0.98-1.03 0.582
Guardix-SG 11.0 2.50-33.00 10.0 4.67-20.41 1.00 0.98-1.02
6 months
Control 25.0 3.50-38.00 0.920 10.0 4.17-19.07 0.377 1.01 0.98-1.03 0.222
Guardix-SG 20.0 5.50-40.00 15.4 2.50-24.16 1.00 0.98-1.03
12 months
Control 21.0 3.00-50.00 0.679 11.2 1.67-22.50 0.513 1.00 0.97-1.03 0.090
Guardix-SG 25.0 10.00-35.00 14.2 5.00-20.00 1.01 0.97-1.05
DASH = Disabilities of the Arm, Shoulder, and Hand score; ECF = extracellular fluid
*student t-test
https://doi.org/10.1371/journal.pone.0238284.t004
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stage, the fibrous tissue is formed by thrombus, and the surrounding tissues attach to the
wound area. The cells subsequently penetrate, multiply, and are fixed.

In a study on the effect of using Guardix-SG®) in thyroid surgery, Park et al. reported that
the sensory abnormality in the treatment group diminished with time, and the discomfort
associated with swallowing improved owing to decreased adhesion [19]. However, there was
no significant difference of pain and edema between the treatment group and the control
group in this study.

Using Guardix-SG®) in breast cancer surgery helped patients recover from ROM. Compar-
ing ROM for shoulder flexion before surgery (178.2°) and 12 months after surgery (172.3°),
that was restored 12 months after surgery in the Guardix-SG® group, and there was no statis-
tically significant difference between that at before surgery and 12 months after surgery
(p = 0.182).

In our study, there were no significant differences in all ROM types between both groups
(Fig 2). This is because we planned to include 196 patients in the study at the onset of the
study, but only 83 patients were enrolled in the study. The reason for this is that neoadjuvant
therapy has recently been found to be effective in patients with positive axillary lymph nodes,
resulting in a decrease in the number of patients who did not undergo ALND. Therefore,
accounting for the dropout rate, the final number of patients participating in the actual study
was smaller than the planned number of patients before the start of the study. In addition,
after surgery, patients with symptoms or discomforts were treated with physiotherapy, which
may affect the outcome. Therefore, further study to control these confounding variables is
needed for more accurate results.

Guardix-SG®) is known to significantly reduce postoperative adhesions [19]. Its efficacy in
abdominal surgery is known to be excellent [20]. Several studies on shoulder disease have
shown that Guardix-SG®) reduces postoperative adhesions in animal models [21] and reduces
shoulder stiffness when used as a nonsurgical treatment. After arthroscopic repair of the rota-
tor cuff, an anti-adhesion agent was injected into the subacromial space, and the shoulder
quickly recovered after surgery [21].

In our study, the mean ROM for shoulder flexion and shoulder abduction was 170°and
171°, respectively, in the control group at 3 months after surgery. The ROM for shoulder flex-
ion reported in other studies was 143° [22], 152° [23], and 163" [24]. The mean values for
shoulder flexion and abduction in healthy women were 176° and 187°, respectively [25]. Thus,
the ROM for flexion and abduction in breast cancer survivors decreases by approximately 24°
and 42°, respectively, compared to that in healthy women.

When muscle flexibility is lost, pain associated with exercise occurs [4]. Local or localized
pain is the most frequent (20-65%) [26] adverse effect after breast cancer treatment, and it
decreases QOL [27]. In addition, pain immediately after surgery can lead to chronic pain after
breast cancer surgery [28]. Therefore, attempts to reduce the intensity of pain are clinically
important. There is increasing evidence that pain following mastectomy is associated with fas-
cial tissue and nerve damage [29]. According to some studies, myofascial dysfunction is com-
mon in the pectoralis major muscle, which is the result of muscle damage after transaxillary
surgery [30]. According to the recommendations for clinical studies on chronic pain by the
Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials [31], a 1-point
score change in the 10-point NRS for pain intensity does not imply a significant decrease.
With respect to pain assessment, Farrar et al. [32] found that patients who rated their pain as
“over-improved” and “minimal improvement” had to have at least a 1.7-point score change in
pain to distinguish the pain. Thus, a reduction of less than 1.7 points in this study represents a
clinically minimal change in pain [33, 34]. In this study, patients in the Guardix-SG® group
had fewer disabilities than those in the control group, and the pectoralis tightness decreased,
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although without statistically significant difference. The pain caused by adhesion and pectora-
lis tightness can be alleviated or prevented through stretching exercises [24, 35, 36]. As part of
routine care during the follow-up period, all patients were provided with information about
self-care including shoulder and chest stretching exercises. However, the exercise program
that begins during the first few days after surgery may increase seroma formation [33-36]. Pre-
vious studies have shown that short-term immobilization may be helpful but should be limited
to days after surgery [37]. With Guardix-SG®), initial adhesion after surgery can be prevented
during this painful period [21].

Poloxamer, which is a raw material of Guardix-SG® used in this study, exhibits a charac-
teristic temperature-dependent sol-gel transition at a certain concentration, is biocompatible
and less toxic [38], and is excreted through the kidneys [39, 40]. In contrast, alginate is a natu-
ral polysaccharide extracted from brown seaweed and is composed of 8-D-mannuronate and
o-L-glucuronate. It forms a gel by cross-linking with calcium ions, has no immunological
activity, and is not digested by animal cells. Calcium ions are gradually diffused out of the gel,
and alginate is slowly degraded and eliminated through the urine[41]. During the study period,
patients were evaluated for adverse reactions; there were no cases of adverse reaction or renal
dysfunction in the treatment group and the control groups.

Through this paper, we found that Guardix-SG® improved the shoulder ROM after breast
cancer surgery. It was that the recovery in the Guardix group after 12 months of surgery was
greater, and, it was found that the degree of recovery recovered to almost similar level before
surgery. However, there was no statistically significant difference from the control group.

This study has some limitations. First of all, we need to include more patients in the study,
but we haven’t. This makes the in-sample size calculation different from the primary end point
of present study. In addition, the same chemotherapy and antihormonal therapy were not
applied to all breast cancer patients. However, unlike previous studies that included patients
with SNB surgery, this study had the advantage that there was no difference due to the surgical
method since the patients who underwent only ALND surgery were included in this study.
There is also a difference in the number of patients in the two groups, due to the use of a
10-size block random method, which is also a limitation of the study. In addition, the opera-
tion was performed by 8 surgeons, and the difference according to the surgical method is a
limitation of this paper. In order to minimize such effects, the results were further analyzed
according to ALND level, and there was no difference in the results.

Conclusions

The results of this study have shown that Guardix-SG® help improve shoulder ROM without
causing adverse effects in patients who underwent breast cancer surgery. However, there was
no statistically significant difference from the control group.
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