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Abstract
form future research and clinical practice in developing evidence-based nursing interventions. [ Methods ] Using the JBI scoping review guide-

[ Objectives | To explore the effectiveness of exercise therapy for lower limb lymphedema after cervical cancer surgery, and to in-

lines as a methodological framework, relevant studies were retrieved from PubMed, Embase, Web of Science, Cochrane Library, CINAHL,
CNKI, Wanfang Data, and Chinese Biomedical Literature Database from their inception to December 2024. [ Results] The findings of included
18 studies showed that exercise therapy, mainly including progressive resistance training, aerobic exercise, aquatic exercise, and mixed exer-
cise modalities, could effectively alleviate lower limb lymphedema symptoms in patients after cervical cancer surgery and improve quality of
life. Progressive resistance training has been proven to be a safe and feasible preventive intervention; aerobic exercise and aquatic exercise have
certain relieving effects on established lymphedema; mixed exercise interventions can improve patients’ functional activity capacity.
[ Conclusions ] Exercise therapy is a feasible, safe, and effective intervention for lower limb lymphedema after cervical cancer surgery. Future
high-quality randomized controlled trials are required to validate the effectiveness of different exercise modalities and to develop individualized
exercise prescriptions that enhance patient adherence and reduce complications.
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1 Introduction

Cervical cancer remains one of the most common malignant tumors
among women. According to the GLOBOCAN 2022 database from
the International Agency for Research on Cancer (IARC), the
global annual incidence of cervical cancer has reached 662 044 ca-
ses (age-standardized incidence rate; 14. 12 per 100 000) , with
348 709 related deaths (age-standardized mortality rate; 7. 08 per
100 000) ™.

improved survival rates and survival duration for cervical cancer

Advances in medical technology have significantly

patients, but treatment-related complications are increasingly

) Lower limb lymphedema is a common com-

drawing attention
plication after cervical cancer treatment, primarily caused by im-
paired lymphatic drainage due to pelvic lymph node dissection
during surgery and/or radiotherapy”’. Studies indicate that the
incidence of postoperative lower limb lymphedema in cervical
cancer patients ranges from 2. 4% to 41. 0% “' It is character-
ized by unilateral or bilateral lower limb swelling, heaviness,

B Lower

pain, itching, numbness, skin changes, and infections
limb lymphedema not only impairs patients’ ability to perform ac-
tivities of daily living but also significantly reduces their quality of
life'* . Once developed, lower limb lymphedema is often diffi-
cult to completely cure, making prevention and early intervention
particularly crucial®’.

At present, therapeutic options for lower-extremity lymphed-
ema include pharmacologic treatment, surgical intervention, inter-
mittent pneumatic compression, and complex decongestive therapy

(CDT)™. Among these, exercise therapy as an integral compo-
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nent of CDT has attracted growing attention from clinical research-
ers"’’. However, evidence regarding the effectiveness of exercise
therapy on lower-extremity lymphedema following cervical cancer
surgery remains inconsistent and scattered''’. Therefore, this
study adopted the Joanna Briggs Institute ( JBI) scoping review
methodology'™”’ to systematically search and synthesize existing ev-
idence. Through this review, we intended to clarify the current
application, therapeutic effects, and limitations of exercise thera-
py for managing postoperative in cervical cancer patients, thereby
providing a reference for developing evidence-based exercise inter-

ventions in clinical nursing practice.

2 Materials and methods
2.1 Inclusion criteria The inclusion criteria were formulated
according to the PCC ( Participants, Concept, Context) frame-
work ; Participants (P) ; surgical cervical cancer patients, with no
age restrictions; Concept (C) : exercise therapy measures, inclu-
ding but not limited to progressive resistance training, aerobic ex-
ercise, and aquatic exercise; Context (C) : prevention or manage-
ment of lower limb lymphedema.

2.2 Exclusion criteria Studies were excluded if they met any
of the following conditions: non-Chinese and English literature;
conference abstracts and review articles; the full text cannot be
obtained; the research content is inconsistent with the purpose;
literature with incomplete data.

2.3 Data retrieval A systematic computer-based search was
conducted in PubMed, Embase, Web of Science, Cochrane Li-
brary, CINAHL, China Knowledge Net, Wanfang Data, and
China Biomedical Literature Database. The search time limit is
from database establishment to December 31, 2024. The search

strategy combining subject terms and free words were adopted.
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English and Chinese counterpart search terms included: " cervical
cancer" , "cervical carcinoma", " cervical neoplasm" , " uterine
cervical cancer" , "lymphedema" , "lymphoedema" , "limb swell-
ing", "edema"; " exercise", " physical activity", " resistance
training" , " aerobic exercise" , "aquatic exercise" , " progressive
resistance exercise "; "lower extremity" , "lower limb" and
" Lymphedema of lower limbs".

2.4 Data extraction and analysis All retrieved articles were
imported into EndNote X9 and duplicates were removed. Two re-
viewers independently screened the literature and extracted data.
Initial screening involved reviewing titles and abstracts, followed
by full-text reading to determine final inclusion. A pre-designed
data extraction form was used to collect the following information;
first author, publication year, country, study design, sample size,
intervention measures ( exercise type, frequency, intensity, dura-
tion) , outcome measures, and primary study results. Any disa-
greements were resolved through discussion with a third reviewer.

Results were summarized using a narrative approach, with data

3.2 Basic characteristics of included studies Among the 18
included studies, 15 were published in English and 3 in Chinese;
publication years ranged from 2015 to 2024. Study designs com-
prised 10 randomized controlled trials, 5 single-arm before-and-
after studies, 2 cross-sectional studies, and 1 qualitative study.
All studies involved postoperative cervical cancer patients, with
sample sizes ranging from 10 to 261 cases. Basic characteristics of

the included studies are summarized in Table 1.

Records identified through
database searching (=2 842)
PubMed, Embase, Web of Science, etc.

I}

Records remaining after 5 Records excluded based on
duplicates removed (=l 635) title and abstract (=1 562)
Full-text articles assessed 5| Full-text articles excluded

(study aim not relevant or

presented in tables and figures.

3 Results and analysis

3.1 Literature search results

The initial search identified

for eligibility (=73)

|

incomplete data) (=55)

Studies included in the
reviews (1=18)

2 842 records. After the removal of duplicates, 1 635 records re-

mained. Screening of titles and abstracts excluded 1 562 records,

and subsequent full-text review resulted in the inclusion of 18

. (13230
studies’

Table 1 Basic characteristics of included studies

'. The study selection process is illustrated in Fig. 1.

NOTE

# Prospective controlled trial (n =10), randomized controlled

trial (n =5), cross-sectional study (n =2), and qualitative

study (n=1).

Fig.1 Flow diagram of study screening

Sample
Author (year)  Country Study design . F ) Intervention Primary outcomes Main conclusions
size (n
Progressi sistance training is safe and feasibl
Zhang ] ) Single-arm  before-after Progressive resistance training, Feasibility, safety, satisfaction, vrogresslve ref’lb anee .rdlmng 5 sae %n edbl, ¢
137 China 24 ) . for postoperative cervical cancer patients, with
(2021) ! study twice daily, for 24 weeks adherence . . .
high patient satisfaction
Incidence  of  lower limb The intervention group had a significantly lower
Zhang ] . Randomized  controlled Progressive resistance training, . . . eroup & :
(2023) 4] China wial (RCT) 120 wice daily . for 24 weeks lymphedema, limb circumfer- incidence of lymphedema than the control group
o : ence difference, symptom scores (8.3% vs 21.7% , P <0.05)
Hsu YY ' Systematic. review and A.ctivc cxcrc.isc, aero'bic exer- | volume., pain, heaviness ]El]xercise significantly improved symptom.s of lower
(157 Taiwan . 261  cise, aquatic exercise, and . limb lymphedema; adherence ranged from 77%
(2024) 1) meta-analysis X L. symptom improvement
: weight training to 100%
Comprehensive exercise ( inclu- . . . . . .
. . ) . . . Lower limb circumference, ede- The intervention group showed reduced limb cire-
Wang Li . Randomized controlled ding resistance and aerobic train- K K . A i K R
(2020) 11! China wial (RCT) 86 ing) . 5 times/week, 30 min/ ma severity, quality of life, ac- umference and significant improvements in quality
&/ for 12 wock ’ tivities of daily living of life and activities of daily living (P <0.01)
session, for 12 weeks
S ised whole-body resistanc Resistance training did not exacerbate existi
Cormie P . Randomized  controlled u['JS'I'Vle “fw 7DOCY TESISTANCE 1 swer limb lymphedema severi- ceisiance Taliifg I fot exaceibale GYISING
177 Australia . \ 62 training, twice weekly, for 12 lymphedema and enhanced muscle strength and
(2016) " trial (RCT) ty, symptoms, muscle strength
weeks ’ symptoms
. Complete  decongestive therapy . . Complete decongestive therapy effectively reduced
Kendrova L . Single-arm  before-after . P ) o P Lower limb circumference,, P . e p_‘ Y .
(2020) L] Slovakia atud 35 (including an exercise compo- sality of life lower limb lymphedema and improved quality of
Y nent) , once daily, for 2 weeks quatiy i life (P <0.05)
o Aquatic exercise significantly reduced lower limb
Oliveira MMF . Randomized controlled Aquatic exercise, 3 times/week, Lower limb  circumference, HATe CXCTCISe SIgnTeatty r ecee olv»erllm
(191 Brazil ) 40 . . . - . lymphedema (P <0.05) and improved functional
(2018) trial (RCT) 50 min/session, for 8 weeks functional mobility, pain score .
mobility
Brown JC USA Single-arm  before-after 10 Progressive weightlifting, twice Limb volume difference, func- Weightlifting was feasible, but infection risk re-
(2017) [0 study weekly, for 5 months tional mobility, quality of life  quires attention; two cases of cellulitis occurred

(To be continued )
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( Continued )
Sample
Author (year)  Country Study design . F ) Intervention Primary outcomes Main conclusions
size (n
Lo . Early exercise intervention (start- Incidence of  lower limb . L.
Liu Min Chi Randomized  controlled 0 i : ) iive day 1) (th lvmohed : b ci Early exercise significantly reduced the incidence
ina . ‘ ing on postoperative day 1), three lymphedema, lower limb circ-
(2001) 211 wrial (RCT) 1g on posiop ’ ymp o of ymphedema (6.7% vs 26.7% , P <0.05)
times daily, for 4 weeks umference, pain score
Unsupervised home-based exer- The home program was feasible but had lower ad-
Katz E ) Randomized controlled i pervis K X Adherence, feasibility, quality prog W . WA
(2019) (2! USA wial (RCT) cise program, once daily, for 6 of life. Timb cireumforonce herence (65% ) and positively affected quality of
months ’ life
Jiang Shou N Randomized  controlled Progressive resista'nce t'raining Low:er limb ci'rcumference, lo'w- The int'erventiun 'g,roupvhad' significant improve-
(2022) %] China twial (RCT) 80  plus usual care, twice daily, for er-limb function score, quality ments in lower-limb function (P <0.01) and
na 8 weeks of life quality of life
Jeffs E Self-management exercise pro- Patient experience, determi- Key factors affecting adherence were identified
effs
a1 UK ualitative study 15 ram including progressive resist- nants of adherence, implemen- motivation, self-efficacy, social support, and
(2016) 24 Y 8l g Prog p ) Pp
ance and flexibility training tation barriers time constraints
Kim DS South K Randomized  controlled 45 Aerobic exercise, 3 times/week, Lower limb circumference, pain, Aerobic exercise reduced pain and heaviness
outh Korea
(2019) ] trial (RCT) 40 min/session, for 10 weeks heaviness, functional mobility (P <0.05) and improved functional mobility
. . Lower limb lymphedema symp- . .
Loudon A . Single-arm  before-after Yoga, once weekly, 90 min/ses- . . Yoga improved lymphedema symptoms, quality of
(261 Australia 15 . tom score, quality of life, men-
(2017) 4 study sion, for 8 weeks al health ’ life, and mental health status
al hea
Association of different ise  Correlations of ise
Mizrahi D . . SBOU.d, on U HHerent, exercise orretations o éxeumfj yp.e, Moderate-intensity aerobic exercise was associated
(577 Australia Cross-sectional study 85 modalities with lymphedema se- frequency, and intensity with .
(2020) -=" N . lvmoh 1“ ) k with reduced symptoms (r= -0.42, P <0.01)
verity ymphedema severity
Associati bet ise Exercis articipati at
Nelson S . w,)c_ld 1('m ceen exerase xereise - parieipaion T, Regular exercisers demonstrated stronger lymphed-
g1 USA Cross-sectional study 213 participation and lymphedema lymphedema self-management
(2016) " ; ’ behavi ity of lif ema self-management abilities (P <0.05)
self-managemen ehaviors, quality of life
. . Supervised combined resistance . X Mixed training was safe and feasible, with high
Singh B . Single-arm  before-after P . L. . Safety, feasibility, patient sat- . . g. T
(201 ustralia and aerobic training, twice . . patient satisfaction %) and reductions in In-
(2016) Austral wd 10 d bic t t faction. b *k] tient satisfaction (95% ) and reduct
L9 s isfaction, biomarker change:
sy weekly, for 12 weeks slaction, biomarker changes flammatory markers
Early progressive exercise begin- . . X . X
. ) L Incidence  of lower limb Early progressive exercise promoted postoperative
Yeung W Randomized controlled ning 24 h postoperatively, three . .
ong Kon, . . . . . .7 lymphedema, postoperative re- recovery and reduced lymphedema incidence
(ogy 0 Mo Kong e (e times daily during hospitalization " TPRedema> Postoperat v and reduced - lymphed d
(30 rial imes daily during hospitalization

and for 4 weeks after discharge

covery time, quality of life

(P<0.05)

3.3 Types and implementation of exercise therapy

3.3.1

1

Progressive resistance training. The 6 included stud-

. [13-14,17,20,23,29] - . .
es' reported the application of progressive resistance

developed cellulitis.
3.3.2 Aerobic exercise.

effects of aerobic exercise on lower limb lymphedema. Kim et a

15-16,25,27 .
t ! examined the

l [25]

Four studies

training. The feasibility study and randomized controlled trial con-
ducted by Zhang et al. "° "' showed that progressive resistance
training can be used as a preventive measure for lower limb
lymphedema after cervical cancer surgery. The training program
consisted of two daily exercises for 24 weeks (2 weeks of hospital-
supervised training, 22 weeks of home-based training). Specific
exercises include sitting rowing, chest press, lateral raise, biceps
curls, triceps presses, leg compressions, leg extensions, leg
bends, hip flexion, leg abduction, prone straight leg raises, and
calf raises. The intensity of the training started at light and gradu-
ally increased to moderate , lasting 30 —45 min per session. Cormie
et al. """ used supervised whole-body resistance training twice a
week for 12 weeks and showed that resistance training did not ag-
gravate existing lymphedema and was effective in increasing muscle
strength and improving associated symptoms. However, Brown
et al. "™ pointed out that although weight training was feasible , at-

tention should be paid to infection risk, as two of ten participants

conducted an randomized controlled trial involving three sessions
per week, each lasting 40 min, over 10 weeks, and found that aer-
obic exercise effectively reduced pain and heaviness associated with
lymphedema while improving functional capacity. A cross-sectional
study by Mizrahi et al. * found a significant negative correlation
between moderate-intensity aerobic exercise and reduced lymphed-
ema symptoms (r= —0.42, P <0.01). Wang Li et al. ' em-
ployed a combined exercise intervention ( resistance training and
aerobic exercise) five times weekly for 30 min over 12 weeks. Pa-
tients in the intervention group demonstrated reduced lower limb
circumference and significant improvements in quality of life and
daily activity capacity (P <0.01).

" reported on the

3.3.3 Aquatic exercise. Two publications"
use of aquatic exercise. In a randomized controlled trial, Oliveira
et al. " implemented an aquatic exercise intervention three times
weekly, 50 min per session, for eight weeks. The results showed

that aquatic exercise significantly reduced lower limb lymphedema
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(P<0.05) and improved functional mobility. The program in-
cluded lower limb flexibility exercises, balance training, and mus-
cle-strengthening exercises, conducted in a swimming pool main-
tained at approximately 28 —30 °C. Consistently, a systematic re-
view and meta-analysis by Hsu et al. "', including seven studies
(five randomized controlled trials ), supported the beneficial
effects of aquatic exercise on symptoms of lower limb lymphedema.
3.3.4 Other exercise modalities. Other modalities included yo-
ga™' | early graded/progressive exercise™ "

2,24]

. [22,
self-management exercise programs

, and home-based
. Loudon et al. " repor-
ted that an 8-week yoga intervention (once weekly, 90 min per
session) improved lymphedema symptoms and enhanced quality of
life and psychological well-being. Studies by Liu Min et al. " and
Yeung et al. ™ indicated that initiating early graded exercise on
postoperative day 1 ( within 24 h) reduced the incidence of
lymphedema. In a qualitative study, Jeffs et al. ¥ identified key
determinants of exercise adherence, including motivation, self-effi-
cacy, social support, and time constraints.

3.4 Effects of exercise therapy

3.4.1 Prophylactic effect on lower limb lymphedema. Five ran-

202300 nvestigated  the  preventive

domized controlled trials'
effects of exercise therapy on lower limb lymphedema. The study
by Zhang et al. "™ reported that the incidence of lower limb
lymphedema was significantly lower in the progressive resistance
training group compared to the control group (8.3% vs 21.7% ,
P <0.05). The research by Liu et al. ™" also confirmed that early
significantly reduced the
lymphedema (6.7% vs 26.7% , P <0.05). Yeung et al. ™"

found that early progressive exercise not only promoted postopera-

exercise intervention incidence of

tive recovery but also reduced the incidence of lymphedema (P <
0.05). The study by Jiang et al. ™" indicated that progressive re-
sistance training combined with routine care significantly improved
lower limb function (P <0.01), thereby indirectly reducing
lymphedema occurrence.

3.4.2 Therapeutic effect on established lower limb lymphedema.

15, 17 -19, 25 -26 v . .
: ! evaluated the effectiveness of exercise

Six studies
therapy in treating established lower limb lymphedema. The study
by Kendrova et al. '™’ showed that complex decongestive therapy
incorporating an exercise component effectively reduced lower limb
lymphedema and improved quality of life (P <0.05). Research by

! and Kim et al. "' further confirmed that aquatic

Oliveira et al.
exercise and aerobic exercise, respectively, alleviated symptoms of
lower limb lymphedema and enhanced functional mobility. The
study by Cormie et al. """ indicated that resistance training did not
exacerbate existing lymphedema and could enhance muscle strength
and improve symptoms. A meta-analysis by Hsu et al. ™! revealed
that although the effect of exercise on limb volume did not reach
statistical significance (standardized mean difference =0.43, 95%
confidence interval —0.01 10 0.88; > =0% , P =0.06), three
included studies still reported notable symptom improvement fol-

/ [26]

lowing exercise intervention. The study by Loudon et a sup-

ported that yoga can improve lymphedema symptoms and quality of
life.

3.4.3 Effects on quality of life and functional mobility. Ten stud-
fes 7192722720300 eyaluated the effectiveness of exercise thera-
py on quality of life and functional mobility. Overall, all studies
consistently showed that exercise interventions improved patients’
quality of life and physical functioning. Studies by Wang Li

et al. 1 1l

and Jiang Shou et a showed that comprehensive exer-
cise intervention and gradual resistance training can significantly
improve patients’ quality of life and daily activities (P <0.01).
Studies by Oliveira et al. """ and Kim et al. "' confirmed that wa-
ter exercise and aerobic exercise effectively improved lower limb
mobility and reduced discomfort. Studies by Loudon et al. ™ and
Katz et al. "' emphasize that exercise intervention can also im-
prove patients’ mental health and reduce anxiety and depression
symptoms.

3.4.4 Adherence and safety. Seven studies 77 ¢
amined adherence and safety of exercise interventions. The feasi-
bility study of Zhang et al. '™’ indicated high patient satisfaction
and adherence, with about 87.5% (21/24) achieving high adher-
ence ( >75% ) during the first postoperative month. The meta-a-
nalysis of Hsu et al. "' indicated exercise adherence rates ranging
from 77% to 100% , with cellulitis being the sole complication. In
contrast, findings of Katz et al. ™' showed lower adherence
(65% ) in unsupervised home exercise programs. The qualitative

[24]

research of Jeffs et al. identified multiple factors influencing ad-

herence, including motivation, self-efficacy, social support, and

time constraints. Regarding safety, Brown et al. "™

reported two
cases of cellulitis, highlighting the importance of infection preven-
tion and monitoring during training. Singh e al. "' demonstrated
that combined training was safe and feasible, with high patient sat-

isfaction (95% ) and reduced inflammatory markers.

4 Discussion

4.1 Mechanisms of exercise therapy for lower limb lymphed-
ema after cervical cancer surgery The development of lower
limb lymphedema following cervical cancer surgery is primarily at-
tributed to impaired lymphatic drainage. Pelvic lymph node dissec-
tion and/or radiotherapy disrupt normal lymphatic drainage path-
ways, leading to the accumulation of protein-rich lymph fluid in

. L 3l
tissue spaces, resulting in edema’™"

. Exercise therapy exerts its
effects on lower limb lymphedema through multiple mechanisms.
First, exercise promotes lymphatic and venous return. The
" pumping" action generated by muscle contraction and relaxation
increases pressure within lymphatic vessels, facilitating lymph
flow. Additionally, the vertical movement of the diaphragm during
deep breathing creates negative pressure within the thoracic cavity,

A .
%21 Second, exercise enhances muscle

aiding lymphatic drainage
strength and endurance, improving muscle pump function and indi-
rectly promoting lymphatic and venous blood return'”’. Additional-

ly, regular exercise aids in weight management, reducing the bur-
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den on the lymphatic system and preventing obesity-related worse-

ning of lymphedema™"’.

Finally, exercise improves patients’ psy-
chological well-being, enhances self-efficacy and quality of life,
and increases their motivation to engage in lymphedema self-man-
agement' .

The studies included in this review collectively demonstrate
that exercise interventions are effective in both preventing and miti-
gating postoperative lower limb lymphedema after cervical cancer
surgery. Progressive resistance training demonstrated particularly
favorable preventive effects'™ | likely through increases in muscle
strength and improvements in the muscle-pump function. The ef-
fectiveness of aquatic exercise may be attributable to buoyancy and
hydrostatic pressure ; buoyancy reduces weight-bearing on the lower
extremities, whereas hydrostatic pressure facilitates lymphatic re-
turn'®!. Aerobic exercise appears to alleviate lymphedema-related
symptoms primarily through improved cardiopulmonary fitness and
enhanced circulatory function™’.

4.2 Clinical application strategies for exercise therapy
4.2.1

cate that while various types of exercise therapy can positively im-

Individualized exercise prescription. Study findings indi-

pact lower limb lymphedema following cervical cancer surgery,
their effectiveness and suitability differ among patients. Therefore,
clinical application should take into account individual patient
characteristics, such as age, physical status, lymphedema severi-
ty, and risk of complications, to develop individualized exercise

2 For patients in the immediate postoperative peri-

prescriptions
od, early progressive exercise initiated with simple lower limb ac-
tivities, such as ankle plantarflexion/dorsiflexion and knee flexion/
extension, is recommended. Range of motion and intensity should

(EINETRN patients with mild

be gradually increased over time
lymphedema or notable risk factors, progressive resistance training
is a suitable option, as it can enhance muscle strength and improve

the muscular pump function""** "

For patients with moderate to
severe established lymphedema, aquatic exercise may be more ap-
propriate , as the buoyancy provided by water can reduce load-bear-
ing stress on the lower limbs and minimize pain or discomfort dur-
ing activity' "’

4.2.2 Timing and intensity are critical determinants of the effec-
tiveness of exercise therapy. The timing and intensity of exercise
intervention are critical factors influencing its effectiveness. Stud-
ies indicate that early exercise intervention (within 24 —48 h post-
operatively) can effectively prevent the development of lymphed-
ema'”'™ . However, patients in the early postoperative period of-
ten experience discomfort such as abdominal drainage tubes, urina-
ry catheters, wound pain, nausea, and dizziness, which may com-

37 Therefore, clinicians should initi-

promise exercise adherence
ate exercise interventions as early as possible based on the patient’s
postoperative recovery status, ensuring safety, and begin with low
intensity, gradually increasing exercise volume and intensity.

13]

Regarding exercise intensity, Zhang et al. "’ employed pro-

gressive resistance training ranging from light to moderate intensi-

ty, lasting 30 —45 min per session; Kim et al. "' employed mod-
erate-intensity aerobic exercise for 40 min per session; Oliveira
et al. """ implemented a 50-min aquatic exercise program. Find-
ings support that moderate-intensity exercise interventions lasting
30 - 50 min exert positive effects on lower limb lymphedema. How-
ever, it is important to note that individual tolerance to exercise in-
tensity varies among patients. Clinical application requires close
monitoring of patient responses and timely adjustment of exercise
intensity.
4.2.3

ment. Interventional modalities included in the study included hos-
[13,17,19,29] [22,24]

Supervised exercise combined with home self-manage-

, Home self-management
PR

pital-supervised training

Rt “used a "2 +

and a combination of bot

22" model, i. e.

weeks of home training, and achieved good results and compli-

Zhang et a

2 weeks of hospital-supervised training and 22

ance. In contrast, Katz et al. "' found that compliance with home
exercise programs alone was low (65% ). Jeffs et al. " qualitative
studies emphasized the importance of social support to improve
compliance. These results suggest that the optimal intervention
model should combine supervised exercise with home self-manage-
ment, which can ensure that patients master correct exercise
techniques and establish exercise habits in the hospital supervision
training stage, and can continue the intervention effect and promote
patients ’long-term adherence in the home self-management stage.
To enhance adherence in home self-management, strategies such as
remote monitoring, telephone follow-up, and WeChat group
support can be employed to strengthen patient-clinician communi-
cation and address problems encountered during exercise in a time-
ly manner"*”’

4.3 Strategies to improve exercise adherence The effective-
ness of exercise interventions largely depends on patient adher-
ence. The adherence rates reported in the included studies ranged
from 65% to 100% "*****" | and multiple studies indicated that ad-
herence is a key factor influencing exercise intervention outcomes.
A qualitative study by Jeffs et al. ™' identified various factors af-
fecting adherence, including motivation, self-efficacy, social sup-
port, and time constraints. Based on these findings, strategies to
enhance exercise adherence may include; strengthen health educa-
tion to increase patients’ awareness of lymphedema risks and exer-
cise benefits, thereby boosting intrinsic motivation; implement pro-
gressive exercise programs allowing patients to gradually adapt and
experience positive changes from exercise, enhancing self-efficacy ;
provide social support through guidance from healthcare profession-
als, family involvement, and peer support networks to foster a sup-
portive environment; simplify exercise protocols to reduce time and
location constraints, such as designing short segmented exercise
plans that integrate into daily routines; utilize modern technological
tools, including smart wearable devices and mobile applications, to
provide real-time feedback and incentive mechanisms'™’

4.4 Integration of exercise therapy with comprehensive

treatment Effective management of lower-extremity lymphedema
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necessitates a comprehensive, multimodal approach. Complex De-
congestive Therapy (CDT) is the current gold standard, compri-
sing four components: manual lymphatic drainage (MLD), com-
pression therapy , skin care, and exercise therapy ™. Most includ-
ed studies have focused on the effects of single exercise interven-
tions, whereas the study by Kendrova et al. '™ investigated CDT
protocols that incorporated exercise components. Their findings in-
dicate that CDT can significantly reduce lower-extremity lymphed-
ema and improve patients’ quality of life.

Exercise therapy should be considered an essential component
of comprehensive lymphedema management and is most effective
when integrated synergistically with other treatment modalities. In
clinical practice, exercise can be combined with compression ther-
apy, lymphatic drainage, and pharmacotherapy tailored to individ-
ual patient circumstances. For example, compression stockings or
bandaging may be worn during resistance training or aerobic exer-
cise to enhance lymphatic return; MLD can be administered before
and after exercise to promote lymphatic circulation; and for pa-
tients at elevated risk of infection, meticulous skin care together
with prophylactic antibiotics may be considered to reduce the risk
of cellulitis and related complications'™®".

4.5 Limitations and future research directions This study
has several limitations. Firstly, the number of included studies is
limited, and heterogeneity exists in study designs, intervention
protocols, and outcome measures, precluding a quantitative syn-
thesis (' meta-analysis). Secondly, most studies had small sample
sizes and short follow-up durations, making it difficult to evaluate
the long-term effects of exercise interventions. Additionally, the
study populations primarily included individuals from East Asian
and Western countries; the findings may be subject to racial/ethnic
variations, and caution is warranted when generalizing the results.

Based on the findings and limitations of this study, future re-
search should focus on the following aspects: (i) conduct more
large-sample , multi-center, high-quality randomized controlled tri-
als to further validate the efficacy of different exercise modalities;
(ii) extend follow-up periods to assess the long-term effects of ex-
ercise interventions; (iii) investigate strategies for developing in-
dividualized exercise prescriptions, including determining the opti-
mal exercise type, intensity, frequency, and duration; (iv) exam-
ine the synergistic effects of exercise interventions combined with
other treatment modalities; (v) develop and validate intervention
strategies aimed at improving exercise adherence; (vi) explore the
application of novel technological approaches in exercise interven-
tions, such as monitoring via wearable devices and remote guid-
ance; (vii) conduct comparative studies involving patients of di-
verse racial/ethnic backgrounds and cultures to optimize interven-

tion strategies.

5 Conclusions
This study systematically reviewed the current research status re-

garding exercise therapy interventions for lower limb lymphedema

following cervical cancer surgery using a scoping review methodolo-
gy. The results show that exercise therapy is a feasible, safe and
effective intervention method, which can prevent and alleviate
lymphedema of lower limbs, and improve patients’ quality of life
and functional mobility. Different types of exercise therapy, inclu-
ding progressive resistance training, aerobic exercise, water exer-
cise and comprehensive exercise intervention, have positive effects
on lower limb lymphedema. In clinical application, individual
differences of patients should be considered and individualized ex-
ercise programs should be formulated; grasp the timing and intensi-
ty of exercise intervention, and the intervention can be started early
after operation, but it should be done step by step; combine super-
vised exercise with home self-management and adopt multiple strat-
egies to improve compliance; incorporate exercise therapy into the
comprehensive management system of lymphedema, synergistically
with other treatments.

Future research should focus on conducting high-quality
randomized controlled trials to optimize individualized exercise
prescriptions, investigate the long-term effects of exercise interven-
tions, and develop strategies to improve patient adherence, thereby
providing a robust evidence-based foundation for the clinical

management of lower limb lymphedema following cervical cancer

surgery.
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