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Abstract
Background  Although movement representation techniques has originally been used in neurological rehabilitation, 
growing researches suggests that it may also introduce advantageous effects to individuals with orthopaedic injuries. 
This systematic review and meta-analysis aimed to investigate the effects of these techniques on pain, range of 
motion, muscle strength, functional performance and fear of movement in individuals after orthopaedic surgeries.

Method  Five electronic databases were searched until April 2024. Two reviewers independently conducted study 
selection and data extraction. Randomized controlled studies containing individuals after limb surgeries were 
identified. The quality of enrolled studies and the overall certainty of evidence was assessed by scales, respectively. 
Egger’s test and funnel plot were used to assess publication bias. Subgroup analysis was also conducted to explore 
the source of heterogeneity.

Results  Twenty-one randomized controlled trials involving 659 postsurgical participants were identified. The 
meta-analysis suggested moderate-quality evidence of a positive effect on pain intensity (SMD=-0.85; 95% CI -1.26, 
-0.43; p < 0.001). A low quality of evidence pointed toward a positive effect on functional scales (SMD=-0.84, 95% CI 
-1.27, -0.41, p < 0.001) and range of motion (SMD = 0.8, 95% CI 0.24, 1.35, p = 0.005). The very low quality of evidence 
suggested a significant effect on the functional test results (SMD=-0.8, 95% CI -1.01, -0.58, p < 0.001). The results 
remained nonsignificant for muscle strength and fear of movement. Intervention quantity, Disability of Arm, Shoulder, 
and Hand (DASH) score and intervention content were the sources of heterogeneity for pain intensity, functional scale 
score and range of motion, respectively.
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Introduction
Appropriate orthopaedic rehabilitation is the key factor 
in determining the postoperative prognosis of individu-
als. It involves a structured program of physical therapy 
that begins shortly after the surgical procedure to ensure 
optimal recovery, reduce complications, and shorten hos-
pital stays [1–3]. Guidelines from the American Acad-
emy of Orthopaedic Surgeons and the American Physical 
Therapy Association highlight the critical role of super-
vised physiotherapy and occupational therapy through-
out the continuum of clinical care [4, 5]. Orthopaedic 
rehabilitation usually involves edema control, pain relief, 
joint mobilization, and strengthening exercise. As recov-
ery progresses, activities of daily living are also involved.

Movement representation techniques are new rehabili-
tation approaches that involve the use of representations 
of movement, such as observing and imagining pain-
less movements [6]. In this case, mirror therapy, motor 
imagery and action observation are all categorized as 
movement representation techniques. In mirror therapy, 
participants sit in front of the mirror and observe the 
reflection of the intact limb to create visual illusion in the 
brain and divert participants’ attention from the affected 
limbs to the intact limbs. Action observation refers to 
watching actions performed by others. Motor imagery 
is defined as mind rehearsal of various motors without 
actual execution. This implies that the individuals are 
executing the movements. Graded motor imagery fur-
ther develops on the basis of these two components [7]. It 
consists of three sequential strategies: left-and-right dis-
crimination (phase one), motor imagery (phase two), and 
mirror therapy (phase three). It is designed to gradually 
increase cortical activation and reduce cortical disinhibi-
tion [8].

Although movement representation techniques were 
originally used in neurological rehabilitation, a growing 
body of research suggests that they may also introduce 
advantageous effects to individuals with orthopaedic 
injuries, since individuals without cognitive deficits may 
benefit from mental practice techniques at the maximum 
level [9]. Recently, seven meta-analyses have investigated 
the effects of motor imagery/graded motor imagery in 
musculoskeletal disorders [6, 10–15]. The results are 
inconsistent: three studies reported the beneficial effect 
of pain relief [6, 12, 13], whereas four studies reported no 
improvement in pain [10, 11, 14, 15]. The seven reviews 

included subjects with conditions such as ankle sprains, 
shoulder impingement, anterior cruciate ligament recon-
struction, and total knee joint replacement. These sub-
jects underwent either conservative treatment or surgical 
intervention. However, movement representation tech-
niques may exert different effects on acute, chronic, and 
postsurgical pain or other outcome measures [14]. To 
date, for postsurgical conditions, meta-analyses have 
been conducted only for total knee arthroplasty [16–18]. 
They consistently reported that mental stimulation was 
effective at improving pain and strength, but the discrep-
ancy remained for range of motion and physical func-
tional scale scores. Nonetheless, direct evidence specific 
to individuals after orthopaedic surgery is still lacking.

The main aim of the present systematic review and 
meta-analysis was to investigate the effects of movement 
representation techniques, such as mirror therapy, action 
observation, motor imagery and graded motor imagery, 
on pain, range of motion, muscle strength, functional 
performance and kinesiopobia in individuals after ortho-
paedic surgery. We hypothesized that such outcome 
measures would be greatly improved.

Method
This systematic review and meta-analysis was prospec-
tively registered in the International Prospective Regis-
ter of Systematic Reviews (CRD42024583380) and was 
developed following PRISMA guidelines [19].

Search strategy
Randomized controlled studies from the following five 
databases were searched until April 2024: PubMed, 
Scopus, EMBASE, the Cochrane Library Database and 
EBSCOhost. The search strategy included terms related 
to motor imagery, mirror therapy, action observation, 
graded motor imagery, pain, range of motion, muscle 
strength, and randomized controlled trials. The search 
strategy of all databases were summarized in the Appen-
dix. The references of previous systematic reviews were 
also screened for eligibility.

Eligibility criteria
The inclusion criteria for the literature were as follows: 
(1) individuals who underwent orthopaedic surgery; (2) 
individuals whose graded motor imagery, motor imagery, 
mirror therapy, action observation or other movement 

Conclusion  Compared with conventional rehabilitation, movement representation techniques increase pain relief, 
functional performance and range of motion. Our results support the use of mental practice techniques in individuals 
after orthopaedic surgeries, with moderate to very low-quality evidence.

Review registration  This trial was registered on PROSPERO on 10 August, 2024 (CRD42024583380).
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representation techniques were used as interventions; 
(3) individuals whose pain, function scale/test, range of 
motion or muscle strength was used as an outcome mea-
sure; (4) study design was a randomized controlled trial; 
(5) individuals whose conventional rehabilitation or sham 
therapy was used in the control group; and (6) research 
articles reported in English. The exclusion criteria for the 
literature were as follows: (1) individuals who underwent 
conservative treatment after orthopaedic injury; (2) indi-
viduals who underwent spinal surgery; and (3) articles 
that were protocols and abstracts only.

Study selection and data extraction
First, two authors (XY and HJW) independently screened 
titles and abstracts after duplicate removal. When the 
inclusion and exclusion criteria were met, full-text 
screening was performed. After the included literature 
was determined, data extraction was accordingly carried 
out by XY and JXW. The extracted information followed 
the PICO principle and included author, year, country, 
number of subjects in each group, age, type of surgery, 
exercise in the experimental group, exercise in the con-
trol group, intervention frequency, intensity, duration, 
outcome measures, and main findings. Any disagree-
ments were resolved through group meetings with the 
three reviewers (XY, HJW, and JXW). One author (XY) 
additionally searched the reference lists of relevant sys-
tematic reviews to avoid any missing data.

Study quality assessment
The methodological quality assessment of the included 
studies was independently rated by XY and HJW using 
the Physiotherapy Evidence Database (PEDro) scale. 
PEDro is a reliable and valid tool for evaluating the meth-
odological quality of randomized controlled studies and 
has been widely adopted in physiotherapy and pharma-
ceutical research [20]. The PEDro scale consists of 11 
items, and each item is evaluated according to “yes” or 
“no”. The first item was the eligibility criterion; therefore, 
the total score was 10. The evaluation items included ran-
dom allocation, concealed allocation, baseline compa-
rability, blind subjects, blind therapists, blind assessors, 
adequate follow-up, intention-to-treat analysis, between-
group comparisons, point estimates and variability. A 
higher score indicates better methodological quality. A 
score of 9–10 was classified as excellent, 6–8 as good, 
4–5 as fair and 0–3 as poor quality [21].

Evidence rating
The overall certainty of evidence for the outcome mea-
sures was assessed via the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) 
[22]. The evidence level was rated as high, moderate, low 
or very low on the basis of the following principles: risk of 

bias (if more than 25% of participants were from studies 
scored lower than 6 in PEDro), inconsistency (if I2 > 50%), 
imprecision (the sample size of continuous variables was 
below 400), publication bias (reviewed with Egger’s test 
and funnel plot), and indirectness (differences in inter-
vention and outcome measures).

Statistical analysis
Meta-analyses were considered when the outcomes of 4 
or more studies were comparable and were conducted 
in Review Manager 5.2 (RevMan). The I2 statistic was 
used to assess heterogeneity across studies, with a value 
greater than 50% indicating significant heterogeneity 
[23]. If the I2 was less than 50%, the fixed effects model 
was used; otherwise, the random effects model was used 
to calculate the differences between the experimental 
group and the control group. Egger’s test and funnel plot 
were used to assess publication bias. Furthermore, given 
the diversity of intervention therapies and outcome mea-
sures, subgroup analysis was also conducted to explore 
the cause of heterogeneity. Kinesiophobia was presented 
with mean differences and 95% confidence intervals 
(95% CIs), and other outcome measures (pain, func-
tional scales, muscle strength, functional tests and range 
of motion) were presented as standard mean differences 
with 95% CIs via forest plots. P < 0.05 was considered sta-
tistically significant.

Results
A total of 5341 articles were retrieved from five elec-
tronic databases. After duplicate removal and full-text 
screening, a total of 51 studies were initially identified for 
eligibility screening based on our inclusion criteria. How-
ever, only 21 of these studies were ultimately included in 
the meta-analysis, mainly because they were abstracts 
only and had incorrect settings. Figure 1 shows the study 
selection process and the reasons for exclusion. Twenty-
one randomized controlled studies were published 
between 2009 and 2023 and included a total of 659 par-
ticipants. There were 334 individuals in the experimental 
group and 325 individuals in the control group. Table 1 
summarizes the characteristics of the included studies. 
Table  2 summarized the detailed intervention charac-
teristics. The general description of four types of move-
ment representation techniques were summarized in 
Table 3. Among these articles, eight included individuals 
who underwent total knee arthroplasty [9, 24–30], six 
enrolled individuals after hand reconstruction surgery 
or hand tendon repair [31–36], two included individuals 
who underwent anterior cruciate ligament reconstruc-
tion surgery [37, 38], and two enrolled individuals after 
total hip arthroplasty surgeries [39, 40]. The remaining 
two studies involved individuals with distal radius frac-
ture surgery and posttraumatic stiffness of the elbow [41, 
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42]. In one study, different movement representation 
techniques (mental practice and mirror therapy) were 
used in two parallel groups, so the data from the two 
experimental groups were combined for comparison with 
those from the control group [42].

Experimental interventions
Among the 21 studies, the experimental protocol varied 
in approach, delivery form, dosage and start time after 
surgery. Graded motor imagery was used in two stud-
ies[9, 41], motor imagery was used in seven studies [24–
28, 34, 37], action observation was used in three studies 
[29, 30, 43], and motor imagery was combined with 
action observation in two studies [39, 40]. Mirror ther-
apy was adopted in seven studies [31–33, 35, 36, 38, 42]. 
The form of motor imagery was explicit motor imagery 
in all nine trials, while graded motor imagery combined 

both implicit (left-and-right discrimination) and explicit 
motor imagery. The intervention schedules varied from 
2 sessions to 24 sessions. The program duration ranged 
from 2 days to 12 weeks. With respect to the intervention 
timing, thirteen studies initiated the experimental inter-
vention within 2 weeks after surgery or during the immo-
bilization period [9, 24, 25, 27–29, 31, 32, 34, 37–39, 43], 
four studies evaluated the effect of movement represen-
tation techniques between the middle and late postop-
erative periods [26, 33, 35, 41], one study implemented 
motor imagery before surgery [40], and three studies did 
not explicitly describe the timing of the intervention ([30, 
36, 42].

Comparator intervention
Comparator interventions also varied among the stud-
ies. The participants in the control group usually received 

Fig. 1  Flow chart
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conventional rehabilitation, which included edema con-
trol (acute phase after surgery), stretching, active and 
passive range-of-motion exercise, strengthening train-
ing, gait training (lower extremity injuries), activities of 
daily living and electrotherapy. In two studies, the control 
groups received immobilization alone [32, 34]. One study 
introduced relaxation techniques to the control group 

to achieve the same amount of time as the experimental 
group [42]. In one study during the preoperative period, 
only education was applied [40].

Outcome measures
The outcome measures of interest were pain intensity, 
strength, range of motion, kinesiophobia, functional 

Table 1  Study characteristic
Study Country Type of surgery Number of subjects in 

each group
(experimental group/ 
control group)

Age
(experimental 
group/ control 
group)

Gender
(experimental 
group/ control 
group)

Abolfazli 
2019

Iran individuals with hand reconstructive surgery
(during the first week after surgery)

20/20 30.45 (9.38) / 33.3 
(11.46)

13 male / 7 female;
12 male / 8 female

Bellelli, 2010 Italy individuals after total hip / knee arthroplasy and 
hip fracture surgeries (between three to ten days 
after surgery)

30/30 71.9 ± 8.4 / 
71.8 ± 6.9

9 male / 21 female;
14 male/ 16 female

Birinci 2022 Turkey individuals with post-traumatic elbow stiffness
(4 to 8 weeks post-surgery)

25/25 42.1 ± 11.2 / 
41.7 ± 10.5

17 male / 8 female;
15 male/ 10 female

Briones-Can-
tero 2020

Spain individuals after total knee arthroplasty
(24 h after surgery)

12/12 73 ± 5 / 72 ± 6 8 male / 4 female
7 male/ 5 female

Candiri 2023 Turkey individuals early after total knee arthroplasty
(24–48 h after surgery)

9/9 64.77 ± 4.52 / 
67.22 ± 6.61

1 male / 8 female
1 male / 8 female

CiviKaraaslan 
2020

Turkey individuals with carpal tunnel syndrome surgery 18/17 48.2 ± 9.7 / 
53.1 ± 8.1

2 male / 16 female
1 male / 16 female

Korbus, 2022 Germany women aged 60 years and older with a distal 
radius fracture

20/9 75.4 ± 7.24 / 
72.4 ± 6.78

All female

Lebon, 2012 France individuals after anterior cruciate ligament recon-
struction surgery
(stated7-12 days after the surgery)

7/5 28.5 ± 5.0 Total: 10 male / 2 
female

Marusic, 2018 Slovenia individuals after total hip arthroplasty 10/11 64.4 ± 4.1 / 
63.1 ± 5.6

8 male / 2 female
6 male / 5 female

Moukarzel 
2019

France individuals after total knee arthroplasty
(acute phase)

10/10 69.60 ± 3.25 2 male / 8 female
2 male / 8 female

Moukarzel 
2019

Australia individuals after total knee arthroplasty
(chronic phase,6 months after surgery)

12/12 70.25 ± 2.78 / 
69.92 ± 2.73

2 male / 10 female
2 male / 10 female

Paravlic 2019 Slovenia individuals after total knee arthroplasty 17/17 62.2 ± 4.9 / 
60.0 ± 5.7

7 male / 6 female
7 male / 6 female

Paravlic 2020 Slovenia individuals after total knee arthroplasty 13/13 61.6 ± 5.19 / 
58.85 ± 5.24

7 male / 6 female
7 male / 6 female

Park, 2014 Korea individuals after total knee replacement 9/9 72.67 (12.25) / 
70.56 (10.98)

NA

Rostami 2013 Iran hand orthopedic injuries
(time since primary surgery usually around seven 
to eight weeks)

12/13 36 (22–58) / 39 
(29–64)

2 male / 10 female
4 male / 7 female

Stenekes 
2009

Netherland patients after flexor tendon injury during 
immobilization

13/13 36.1 ± 11.3 / 
31.1 ± 10.0

9 male / 4 female
8 male / 5 female

Temporiti, 
2022

Italy individuals with end-stage hip osteoarthritis 
undergoing total hip arthroplasty.

39/40 62.2 (11.2) / 64.6 
(8.0)

23 male / 17 female
23 male / 17 female

Toshniwal 
2022

India post ACL reconstruction surgery
(2nd day post-surgery)

15/15 33.13 ± 6.988 / 
32.4 ± 5.66

9 male / 6 female
10 male / 5 female

Villafañe, 
2017

Italy individuals after total knee replacement
(began around 6th to 8th day after surgery)

14/17 70.4 ± 7.5 / 
70.1 ± 7.7

7 male / 7 female
3 male / 14 female

Yalcin 2023 Turkey individuals with hand flexor tendon injuries after 
primary surgical repair (middle to late postopera-
tive period)

15/15 36.07 ± 14.3 / 
38.47 ± 14.84

13 male /2 female
11 male / 4 female

Yun 2019 Korea individuals after surgery due to mutilated hand 
injury

15/15 54.8 ± 10.73 / 
50.93 ± 7.38

6 male / 9 female
8 male / 7 female
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Study Motor imagery 
Type

Intervention Comparison Outcome 
measures

Assessment 
time points

Main findings

Abolfazli 
2019

mirror visual 
feedback (MVF)

N = 20
MVF and traditional reha-
bilitation for 30 and 45 min, 
respectively.
Patients placed the uninjured 
hand in front of the mirror 
and the injured
hand behind it, and per-
formed simple exercises such 
as displacement of the
Purdue Pegboard pins in vari-
ous sizes, resistance exercises, 
and functional 
exercises including writing 
and the use of spoons.
75 min/ session, twice a week 
for 8 weeks

N = 20
Traditional rehabilita-
tion included scar 
massage, edema 
control, controlled 
active exercises in 
the range of allowed 
motions, muscle 
strengthening, and 
graded stretching 
exercises, as well as 
electrotherapy.
75 min/ session, 
twice a week for 8 
weeks

McGill pain ques-
tionnaire, Disability 
of Arm, Shoulder, 
and Hand (DASH) 
scores, range 
of motion, the 
strength of grip 
and pinch, Min-
nesota Manual 
Muscle test.

Pre-treatment, 
6th week, 8th 
week, 12th week

The results indicated 
that both traditional 
and MVF methods 
induced significant 
decreasing pain, dis-
ability and increasing 
dexterity, and range 
of motion. The results 
also showed that the 
positive effect of MVF 
on pain, disability, 
dexterity, and range of 
motion was signifi-
cantly greater than that 
of controls, but there 
was no significant result 
in grip and lateral pinch 
strength between 
the intervention and 
control group

Bellelli, 
2010

Action 
observation

N = 30
action observation: watching 
movies of activities of daily 
living and execute activities
24 min a day, 6 days a week 
for 3 weeks
 + standard rehabilita-
tion protocol: warm-up, 
range-of-motion exercise 
and strengthening exercise, 
transfer practice, balance and 
gait training
one hour a day, 6 days a week 
for 3 weeks

N = 30
watching movies 
of geographic vid-
eos + standard reha-
bilitation protocol
one hour a day, 6 
days a week for 3 
weeks

Functional Inde-
pendence Measure 
(FIM), the motor 
sub-score of FIM, 
the Tinetti scale, 
and the depen-
dence on walking 
assistive

before and after 
treatment

the experimental group 
showed significant 
improvement of FIM 
total score, the motor 
sub-score of FIM and 
Tinetti score compared 
with the control group

Birinci 
2022

graded motor 
imagery (GMI)

N = 25
The GMI group received 
a program consisting of 
left-right discrimination, 
motor imagery (imagine the 
affected side doing functional 
activities such as washing 
face and drinking water), and 
mirror therapy.
twice a week for 6 weeks.

N = 25
The structured 
exercise (SE) group 
received a program 
consisting of 
range-of-motion, 
stretching, and 
strengthening 
exercises. 
twice a week for 6 
weeks.

Primary outcome: 
the Disabilities of 
the Arm, Shoulder, 
and Hand (DASH) 
questionnaire. 
Secondary 
outcomes: active 
range of motion 
(AROM), visual 
analog scale (VAS), 
Tampa Scale for Ki-
nesiophobia (TSK), 
muscle strength 
of elbow flexors 
and extensors, grip 
strength, left-right 
discrimination, and 
Global Rating of 
Change.

Patients were 
assessed at base-
line, at the end 
of treatment (12 
sessions), and a 
6-week follow-up.

Both GMI and SE inter-
ventions significantly 
improved outcomes. 
After a 6-week inter-
vention, the DASH 
score was significantly 
improved in the GMI 
group compared with 
the SE group, and im-
provement continued 
at the 6-week follow-
up. The results with a 
medium to large effect 
size were also signifi-
cant for elbow flexion 
AROM, elbow extension 
AROM, VAS-activity, TSK, 
and muscle strength 
of elbow flexors and 
elbow extensors in 
favor of the GMI group.

Table 2  Intervention characteristic
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Study Motor imagery 
Type

Intervention Comparison Outcome 
measures

Assessment 
time points

Main findings

Briones-
Cantero 
2020

Motor imagery N = 12
Physical therapy with motor 
imagery following below 
principal:
(1) observe the exercise of the 
unaffected limb
(2) imagine the exercise of 
the affected limb
(3) imagine the exercise of 
affected limb with maximum 
range and no pain
(4) execute the exercise
30 min x 5 sessions (in total)

N = 12
Physical therapy 
alone
30 min x 5 sessions 
(in total)

Primary out-
come: short-form 
Western Ontario 
McMaster Universi-
ties Osteoarthritis 
Index (WOMAC);
Secondary out-
come: Visual ana-
log scale, pressure 
pain thresholds 
(PPTs), and knee 
range of motion

Before and after 
the treatment

Patients in the experi-
mental group showed 
significant improve-
ment of VAS and 
WOMAC scores. No sig-
nificant differences of 
knee range of motion 
and PPT were found 
between groups.

Candiri 
2023

graded motor 
imagery (GMI)

N = 9
Graded motor imagery:
(1) left-right discrimination: 
Recognise™ Knee application, 
60 images
(2) motor imagery: imagine 
full range of motion and 
activity of daily life
(3) mirror therapy: mirror box 
and portable mirror
 + 
Traditional rehabilitation
3 sessions a week for 6 weeks 
(each stage for 2 weeks)

N = 9
Traditional rehabilita-
tion: ankle-pumping 
exercises, range of 
motion exercise, 
strengthening train-
ing and activities of 
daily living.
3 sessions a week for 
6 weeks

Primary outcomes: 
visual analogue 
scale and the 
Western Ontario 
and McMaster 
Universities Os-
teoarthritis Index 
(WOMAC)
Secondary out-
comes: knee range 
of motion, muscle 
strength, the timed 
up and go test, 
mental chronom-
eter, Movement 
Imagery Question-
naire-3, lateraliza-
tion performance, 
Central Sensitiza-
tion Inventory, Pain 
Catastrophizing 
Scale, and Tampa 
Kinesiophobia 
Scale

Before and 6 
weeks after 
intervention

Activity and resting 
pain, the Pain Catastro-
phizing Scale and TKS 
scores were signifi-
cantly decreased in GMI 
group compared with 
control groups, whereas 
WOMAC scores, ROM, 
muscle strength, TUG 
and Central Sensitiza-
tion Inventory scores 
did not show any differ-
ences between groups.

CiviKara-
aslan 
2020

mirror therapy 
(MT)

N = 18
Immobilization period (2 
weeks): function-focused 
exercises using mirror box.
20 min/ session, 10 sessions, 5 
days/week, 2 weeks 
After immobilization period: 
conventional rehabilitation

N = 17
Immobilization 
period (2 weeks);
After immobilization 
period: conventional 
rehabilitation

Primary outcome: 
Boston Carpal 
Tunnel Syndrome 
Questionnaire 
(BCTQ);
Secondary out-
come: The Nine 
Hole Peg Test, 
visual analog scale, 
the Semmes–
Weinstein Mono-
filament test

One day before 
surgery, 3rd and 
6th weeks after 
the surgery

The study indicates 
improvement in the 
parameters due to the 
early introduction of 
MT after CTS surgery, 
but once conventional 
methods were
started after immobi-
lization, there were no 
significant differences 
between groups. How-
ever, the MT had
reduced pain and im-
proved sensation and 
function. Both groups 
experienced positive 
effects of the
surgical treatment and 
the physiotherapy in 
the 6th postoperative 
week.

Table 2  (continued) 
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Study Motor imagery 
Type

Intervention Comparison Outcome 
measures

Assessment 
time points

Main findings

Korbus, 
2022

Mental Practice 
or Mirror 
Therapy

N = 20
mental practice: participants 
established internal images of 
the wrist movements;
mirror therapy: participant 
observed the reflection of the 
non-affected hand in a mirror 
placed in her midsagittal 
plane
12 weeks, 24 sessions
the first three weeks: 5 ses-
sions per week
fourth to sixth weeks: 3 ses-
sions per week
sixth to twelfth weeks: 
self-training

N = 9
relaxation tech-
niques to achieve 
the total amount of 
time that the thera-
pist spends with the 
experimental group
12 weeks, 24 sessions

Primary outcome: 
Patient-rated Wrist 
Evaluation (PRWE); 
Secondary out-
comes: quickDASH 
(Disabilities of the 
Arm, Shoulder 
and Hand); grip 
strength; range of 
motion; health-
related quality of 
life (EQ-5D)

At 0, 3, 6 and 12 
weeks

Experimental groups 
showed higher im-
provements in terms 
of PRWE, quickDASH, 
grip strength and 
EQ-5D compared to the 
control group

Lebon, 
2012

Motor Imagery N = 7
motor imagery: patients used 
kinesthetic imagery and were 
instructed to perceive muscle 
contractions and joint ten-
sion while imagining maximal 
isometric contraction of a full 
knee extension.
+traditional rehabilitation
45 min per session, 12 ses-
sions, lasted from 28 to 34 
days

N = 5
traditional reha-
bilitation included 
strengthening 
exercises, massages, 
passive joint mobili-
zation, electrostimu-
lation, cycling and 
cryotherapy.
30 min per session, 
12 sessions, lasted 
from 28 to 34 days

Visual Analogue 
Scale, EMG, 
Lower Extremity 
Functional Scale, 
Anthropometrical 
Data

pre- and 
post-intervention

MI elicited greater 
muscle activation,
even though imagery 
practice did not result 
in pain decrease.

Marusic, 
2018

Action observa-
tion and motor 
imagery

N = 10
hospital session (4 to 6 
days):
action observation + motor 
imagery: locomotor activities 
(walking with crutches, fast 
walking, walking upstairs 
and downstairs, walking on 
unstable surfaces)
 + standard physiotherapy, su-
pervised by physical therapist
home sessions: 
action observation + motor 
imagery + standard phys-
iotherapy: supervised by 
conference vedio calls once 
a week
30 min per day, 3 times per 
week fo 8 weeks

N = 11
hospital session (4 
to 6 days):
watching documen-
tary videos + stan-
dard physiotherapy
home session:
educational docu-
mentaries + standard 
physiotherapy, 
supervised by con-
ference vedio calls 
once a week
30 min per day, 3 
times per week fo 8 
weeks

Timed Up and Go 
(TUG); Four Step 
Square Test (FSST); 
and single- and 
dual-task gait and 
postural control

before and 2 
months after 
surgery

the intervention group 
showed significant 
better TUG, FSST, and 
dual-task fast gait, and 
reduced swing-time 
variability, and better 
cognitive performance 
during dual tasks.

Table 2  (continued) 
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Study Motor imagery 
Type

Intervention Comparison Outcome 
measures

Assessment 
time points

Main findings

Moukar-
zel 2019

Motor imagery N = 10
Motor imagery: 15 min, from 
first- or third-person perspec-
tive, or kinesthetic imagery 
(such as imagine knee exten-
sion and flexion, or eccentric 
and concentric contraction)
 + Traditional rehabilitation 
as per American Physical 
Therapy Association postop-
erative guidance: 45 min
1 h x 3 sessions x 4 weeks

N = 10
Traditional rehabilita-
tion as per American 
Physical Therapy 
Association post-
operative guidance 
to reduce pain and 
knee edema, to en-
hance knee range of 
motion and muscle 
strength, and to 
improve functional 
impairments
1 h x 3 sessions x 4 
weeks

Visual Analog 
Scale; active and 
passive knee range 
of motion; Quad-
riceps strength; 
Timed Up and Go 
Test; Knee girth

Pre - and 
post-treatment

Motor imagery group 
showed significant 
greater improvement of 
pain, knee girth, range 
of motion, quadriceps 
strength compared to 
control group.

Moukar-
zel 2019

Motor imagery N = 12
classic physical therapy 
(45 min)
 + motor imagery (15 min): 
internal - and external vi-
sual imagery and kinesthetic 
imagery
3 times per week for 4 weeks 
starting 6-months after 
surgery.

N = 12
classic physical 
therapy (45 min): 
progressive lower-
extremity strength-
ening exercises 
combined with elec-
trical stimulation for 
quadriceps muscle, 
manual therapy to 
improve range of 
motion, knee pro-
prioceptive exercises, 
gait training and 
functional exercises 
on stairs.
+ neutral activities 
(15 min)
3 times per week 
for 4 weeks starting 
6-months after 
surgery.

quadriceps 
strength, peak 
knee flexion 
during the swing 
phase, perfor-
mance at the 
timed up and go 
test, stair climbing 
test, and 6-minute 
walk test, and Ox-
ford knee score

Pre - and 
post-treatment

motor imagery en-
hanced the quadriceps 
muscle strength of 
the operated knee, 
improved the peak 
knee flexion during 
the swing phase, and 
increased the speed to 
climb and descend 
stairs

Paravlic 
2019

motor imagery N = 17
motor imagery in addition 
to routine physical therapy: 
maximal voluntary isometric 
contractions
5 sessions x 4 weeks

N = 17
routine physical 
therapy: the exercise 
program strove to 
improve patients’ 
general mobility via 
passive and active 
knee and hip flexion 
and extension 
exercises, muscle 
strengthening, 
walking ability and 
ascending/descend-
ing the stairs
5 sessions x 4 weeks

Primary outcome: 
The maximal 
isometric knee ex-
tension strength of 
the operated leg. 
Secondary 
outcomes: spatial 
and temporal 
gait parameters, 
30-second chair 
sit-to-stand perfor-
mance, Lower
Extremity Func-
tional Scale (LEFS) 
questionnaire, and 
an MI ability score

before and one 
month after TKA

the motor imagery 
group showed less 
strength decrease, 
faster self-selected 
speed under single and 
dual task conditions; 
brisk-pace gait speed 
during single and 
dual task conditions, 
improved chair sit-to-
stand performance; and 
a higher score on MI 
ability questionnaires 
for kinesthetic imagery 
(KI) and internal visual 
imagery (EVI) scales, 
respectively

Table 2  (continued) 
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Study Motor imagery 
Type

Intervention Comparison Outcome 
measures

Assessment 
time points

Main findings

Paravlic 
2020

Hospital- and 
home-based 
maximal volun-
tary isometric 
contraction 
imagery

N = 13
Hospitalization period: 
Under the seat, imagine the 
maximum isometric active 
contraction with 60° knee 
flexion while listening to PT 
or tape for guidance. They 
also received conventional 
rehabilitation.
+ discharge period: maximal 
voluntary isometric contrac-
tion imagery with phone call 
to check the adherence and 
prescribe exercise program
5 sessions x 4 weeks

N = 13
Hospitalization 
period: functional 
exercise-based 
rehabilitation
program for improv-
ing knee range of 
motion, increasing 
knee and hip muscle 
strength, and acquir-
ing functional strate-
gies for activities of 
daily living.
 + discharge period: 
same exercises as 
those performed 
in the hospital with 
phone call the check 
adherence and 
prescribe exercise 
program
5 sessions x 4 weeks

Primary outcome: 
quadricep muscle 
strength; voluntary 
muscle activation.
Secondary out-
comes: timed up 
and go test; knee 
active range of 
motion; maximal 
grip strength; the 
Oxford Knee
Score (OKS) 
questionnaire

1 day prior to sur-
gery and 1 month 
post-surgery

the experimental 
group showed lower 
strength decrease and 
performed better in 
TUG and OKS scores. 
there were no signifi-
cant differences in knee 
range of motion and 
pain level.

Park, 
2014

Action 
observation

N = 9
action observation (10 min): 
eight kinds of lower extremi-
ties’ movements
 + standard physical therapy 
(30 min): gait training and 
treadmill
three times a week for three 
weeks

N = 9
standard physical 
therapy (30 min): 
gait training and 
treadmill
three times a week 
for three weeks

Western Ontario 
and McMaster 
Universities Os-
teoarthritis Index 
(WOMAC), Timed 
Up and Go (TUG), 
and Visual ana-
logue scale (VAS)

pre-and 
post-intervention

patients in the interven-
tion group showed 
significantly higher im-
provements in WOMAC 
and VAS compared 
to the control group, 
whereas TUG did not 
differ between two 
groups

Rostami 
2013

Mirror therapy 
(MT)

N = 12
mirror therapy: range-of-mo-
tion exercise, resistive exercise 
and functional activities using 
both hands
30 min a day, five days a week 
for three weeks
 + clinical rehabilitation
30 min a day, five days a week 
for three weeks

N = 13
clinical rehabilitation: 
aimed to improve 
active range of mo-
tion, such as tendon 
gliding exercise, 
place-and-hold exer-
cise and activities of 
daily living

Primary outcome: 
total range of mo-
tion of hand;
secondary out-
comes: Disabilities 
of Arm, Shoulder 
and Hand (DASH)

before and after 
treatment, and 
three weeks’ 
follow-up

The experimental group 
showed significantly 
better improvement of 
total range of motion 
and DASH scores com-
pared with the control 
group, and the gains 
maintained during 
follow-up period.

Stenekes 
2009

Motor imagery N = 13
Subjects were instructed to 
perform active flexion and ex-
tension movements mentally 
during the immobilization 
period
6 weeks

N = 13
relative 
immobilization:
first four weeks: pas-
sive movement;
Fifth to sixth weeks: 
place-hold exercise
6 weeks

Michigan Hand 
Outcome Ques-
tionnaire (MHQ), 
visual analog scale 
(VAS), drawing ac-
curacy and speed, 
active range of 
motion, prepara-
tion time

preinjury, 6, 7, 8, 
10, and 12 weeks 
postoperatively; 
strength was 
recorded only on 
the last measure-
ment to avoided 
the chance of 
rupture.

After the immobiliza-
tion period, the motor 
imagery group demon-
strated significantly less 
increase of preparation 
time than the control 
group. There was no 
significant influence 
of motor imagery on 
the other tested hand 
function

Table 2  (continued) 
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Study Motor imagery 
Type

Intervention Comparison Outcome 
measures

Assessment 
time points

Main findings

Tempo-
riti, 2022

Action observa-
tion and Motor 
imagery

N = 39
Experimental group (AO + MI): 
observe a 2-min action obser-
vation for each task followed 
by a 1-min motor imagery 
of the task just observed, 
whereas no movement 
execution was requested.
2 sessions, 15 min/ session

N = 40
Participants received 
only the preop-
erative education 
session without 
performing any ad-
ditional preoperative 
activity.

timed up-and-go 
test (TUG), the 
10-Meter Walk 
Test (10MWT), the 
Numeric Pain Rat-
ing Scale (NPRS), 
Tampa Scale of Ki-
nesiophobia (TSK), 
Harris Hip Score 
(HHS), Kinaesthetic 
and Visual Imagery 
Questionnaire 
(KVIQ-10)

On the day before 
and at four days 
after surgery

No between-group dif-
ferences were found at 
baseline. Although TUG 
and 10MWT worsened 
in both groups, better 
TUG was found for 
AO + MI group at four 
days. NPRS and TSK 
improved after surgery 
without between-
group differences.

Toshni-
wal 2022

Mirror therapy 
(MT)

N = 15
conventional physiotherapy 
along with mirror therapy 
exercises 
once in a day, total 6 sessions.

N = 15
conventional therapy
once in a day, total 6 
sessions.

VAS, knee range 
of motion, joint 
proprioception 
and Lysholm 
knee score (joint 
instability)

pre-intervention 
(baseline) on the 
2nd day post ACL 
reconstruction 
surgery and post-
intervention on 
6th day.

Experimental group 
showed significant 
improvements of pain, 
range of motion, and 
Lysholm knee score 
compared with control 
group, except for joint 
proprioception

Villafañe, 
2017

Action 
observation

N = 14
action observation and con-
ventional rehabilitation:
before the independent exer-
cise began, the experimental 
group watched videos 
regarding exercised being 
performed
60 min a day, 5 days a week 
for 2 week

N = 17
a videos of natural 
scenes + conven-
tional rehabilita-
tion: mobilization, 
exercise and transfer 
practice, strength 
exercise of lower 
extremities, ankle 
pump, Continuous 
Passive Motion
60 min a day, 5 days 
a week for 2 week

Visual Analogue 
Scale, active range 
of motion, passive 
range of motion, 
Barthel index, 
Cumulative Illness 
Rating Scale, Short 
Form-36 Health 
Survey, Tinetti 
scale.

before and after 
treatment

the active range of 
motion was sig-
nificantly higher in the 
experimental group 
compared with the 
control group

Yalcin 
2023

Mirror therapy 
(MT)

N = 15
mirror therapy in addition 
to physical therapy: flexor 
tendon gliding, blocking 
exercises, joint ROM and resis-
tance exercises were applied 
to the healthy hand with a 
mirror. The patient was asked 
to look at their hand in the 
mirror and try to make the 
same movements with the 
affected side while watching 
the movements of the unaf-
fected side in the mirror
12 sessions, 4 weeks

N = 15
physical therapy: 
whirlpool, ultra-
sound, transcutane-
ous electrical nerve 
stimulation (TENS)
12 sessions, 4 weeks

range of mo-
tion, handgrip 
strength, visual 
analog scale (VAS), 
Patient-Rated Wrist 
Evaluation (PRWE), 
Disabilities of the 
Arm, Shoulder 
and Hand (DASH) 
questionnaire, 
Hand Functional 
Index (HFI), Purdue 
Pegboard Model, 
and Tampa Kine-
siophobia Scale

before and after 
treatment

More improvement 
was observed in the 
mirror therapy group in 
terms of visual analog 
scale, Patient-Rated 
Wrist Evaluation, Hand 
Function Index and 
Disabilities of the Arm, 
Shoulder and
Hand scores. There was 
no significant difference 
between groups for the 
other parameters

Table 2  (continued) 
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scales and functional tests. Pain intensity was a primary 
outcome in most studies and was evaluated with a visual 
analog scale and McGill pain questionnaire. Kinesiopho-
bia was assessed by the Tampa Scale for Kinesiopho-
bia. Functional performance referred to both functional 
scales and functional tests. The functional scales included 
the Patient-Rated Wrist Evaluation, Disability of the Arm, 
Shoulder, and Hand (DASH) scores, the Boston Carpal 
Tunnel Syndrome Questionnaire, the Oxford Knee Score 
questionnaire, the Lower Extremity Functional Scale, 
the Western Ontario and McMaster Universities Osteo-
arthritis Index and the motor subscale of the Functional 
Independence Measure. The following functional tests 
were used: the 9-Hole Peg Test, the Purdue Pegboard 
Test, the Minnesota Manual Dexterity Test (turning 
test), the timed up-and-go test, the Stair Climbing Test, 
the Chair Sit-to-stand test, and the response time of left-
right discrimination.

Quality assessment
Table  4 summarizes the PEDro scale scores. The mean 
PEDro score was 6.52, with sixteen trials scored as good 
quality and five as fair quality. All trials yielded scores 
between 5 and 9. Owing to the nature of the study design, 
most trials were unable to blind subjects and thera-
pies who received the intervention. More than half of 
the studies also failed with allocation concealment and 

blinding assessors. All trials were comparable at baseline 
and reported between-group comparisons. Most trials 
(20 of 21) reported both point and variability measures. 
More than half of the trials achieved an adequate reten-
tion rate and were included in the intention-to-treat 
analysis.

Effects of interventions and meta-analyses
The levels of evidence regarding different outcome mea-
sures were presented in Table 5.

Pain intensity
Thirteen trials reporting data for 423 individuals assessed 
pain intensity. The meta-analysis revealed that the exper-
imental group experienced significantly lower pain inten-
sity postintervention (SMD=-0.85; 95% CI=-1.26, -0.43; 
p < 0.001; moderate-quality evidence), and the heteroge-
neity was I2 = 74%. Figure 2 showed detailed forest plots. 
Egger’s test revealed no publication bias (p = 0.33) and 
funnel plot was summarized in supplementary material 
Fig. 1.

Functional scales
Fourteen trials reported data for 427 individuals and 
assessed functional scales. The meta-analysis revealed 
that the experimental group achieved greater improve-
ment in functional scale scores than the control groups 
did (SMD=-0.84, 95% CI=-1.27, -0.41; p < 0.001; low-
quality evidence), and the heterogeneity was I2 = 76%. Fig-
ure  3 showed detailed forest plots. Egger’s test revealed 
no publication bias (p = 0.12) and funnel plot was sum-
marized in supplementary material Fig. 1.

Functional tests
Twelve trials reported data for 374 individuals and 
assessed functional tests. The meta-analysis revealed 
that the experimental group had better functional test 
results in different tasks (SMD=-0.8, 95% CI=-1.01, -0.58, 
p < 0.001; very low-quality evidence), and the heteroge-
neity was I2 = 44%. Figure 4 showed detailed forest plots. 

Table 3  Summary of movement representation techniques
Movement 
representation 
techniques

Description

Mirror therapy Participants sit in front of the mirror and observe 
the reflection of the intact limb

Action observation Participants watch actions performed by others 
through video

Motor imagery Participants mentally recall various activities 
without actual execution

Graded motor 
imagery

It consists of three sequential strategies: left-and-
right discrimination (phase one), motor imagery 
(phase two), and mirror therapy (phase three).

Study Motor imagery 
Type

Intervention Comparison Outcome 
measures

Assessment 
time points

Main findings

Yun 2019 Mirror therapy 
(MT)

N = 15
MT and conventional physical 
therapy after each MT session; 
60 min a day, 3 days a week 
for 4 weeks

N = 15
conventional physi-
cal therapy consisted 
of whirlpool, trans-
cutaneous electrical 
nerve stimulation, 
range of motion 
exercise
30 min a day, 3 days 
a week for 4 weeks

Muscle elasticity, 
visual analogue 
scale, Korean ver-
sion of Patient-rat-
ed Wrist Evaluation 
(PRWE)

pre- and 
post-treatment

There were significant 
differences in pain and 
hand function within 
each group (pre-inter-
vention vs. post-inter-
vention) and between 
groups (experimental 
vs. control). However, 
there was no significant 
difference in muscle 
elasticity between 
groups.

Table 2  (continued) 
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Table 5  GRADE for quality of evidence
Outcome 
measures

Studies
(participants)

inconsistency 
(I2 > 50%)

riks of bias
 (> 25% of the par-
ticipants were from 
studies’ PEDro < 6)

imprecision 
(pooled sam-
ple size < 400)

indirectness publi-
cation 
bias

SMD with 
95% CI

qual-
ity

pain 13(423) Yes
(I2 = 74%)

no no no no -0.85 (-1.26, 
-0.43)

mod-
erate

functional 
scales

14(427) Yes
(I2 = 76%)

no no yes no -0.84 (-1.27, 
-0.41)

low

functional 
tests

12(374) No
(I2 = 44%)

yes yes yes no -0.80 (-1.01, 
-0.58)

very 
low

range of 
motion

11(303) Yes
(I2 = 79%)

no yes no no 0.80 (0.24, 
1.35)

low

Fig. 3  Forest plot for the standard mean difference in the effects of movement representation techniques on functional scales

 

Fig. 2  Forest plot for the standard mean difference in the effect of movement representation techniques on pain intensity
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Egger’s test revealed no publication bias (p = 0.94) and 
funnel plot was summarized in supplementary material 
Fig. 1.

Range of motion
Eleven trials reported data for 303 individuals and 
assessed their range of motion. The meta-analysis 
revealed that the experimental group had a greater range 
of motion than did the control group (SMD = 0.8, 95% CI 
0.24, 1.35, p = 0.005; low-quality evidence), and the het-
erogeneity was I2 = 79%. Figure 5 showed detailed forest 
plots. Egger’s test revealed no publication bias (p = 0.14) 
and funnel plot was summarized in supplementary mate-
rial Fig. 1.

Muscle strength
Nine trials reported muscle strength data for 247 indi-
viduals. The meta-analysis revealed no significant effect 
on muscle strength (SMD = 0.33, 95% CI=-0.08, 0.74, 
p = 0.11), and the heterogeneity was I2 = 59%. Figure  6 

shows detailed forest plots. Egger’s test revealed no pub-
lication bias (p = 0.97).

Kinesiophobia
Four trials pooled the results of the Tampa scale for kine-
siophobia in 177 individuals. No significant differences 
were observed between the groups after the intervention 
(MD=-3.19, 95% CI=-9.01, 2.63, p = 0.28). The heteroge-
neity was I2 = 88%. Figure  7 shows detailed forest plots. 
Egger’s test revealed no publication bias (p = 0.45).

Subgroup analysis
To explore the source of heterogeneity, we conducted 
subgroup analyses regarding pain intensity, functional 
scale scores and range of motion. Intervention quan-
tity was the cause of heterogeneity in pain intensity. In 
the single intervention group, I2 significantly decreased 
to 40%, whereas the p value remained significant. The 
DASH scale was the cause of heterogeneity in the func-
tional scales. After distinguishing DASH from other 
scales as outcome measures, the I2 of both subgroups 

Fig. 5  Forest plot for the standard mean difference in the effect of movement representation techniques on range of motion

 

Fig. 4  Forest plot for the standard mean difference in the effect of movement representation techniques of functional tests
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decreased to 45%, and the p value remained significant. 
Intervention content was an influencing factor for range 
of motion. The mirror therapy group presented high het-
erogeneity, whereas the other group presented I2 values 
lower than 50%. The details and forest plots of the sub-
group analysis are presented in Fig. 8.

Discussion
In this systematic review, a total of 21 trials with 659 
postsurgical individuals were included. Four types of 
movement representation techniques, including mir-
ror therapy, motor imagery, graded motor imagery and 
action observation, were used. Only individuals who 
underwent orthopaedic surgeries, such as joint replace-
ment surgery, hand reconstruction or tendon repair sur-
gery, anterior cruciate ligament reconstruction surgery, 
distal radius fracture surgery, posttraumatic elbow stiff-
ness, and carpal tunnel syndrome surgery, were enrolled. 
In our study, evidence ranging from moderate to very low 
quality suggested that, compared with conventional reha-
bilitation alone, movement representation techniques 
significantly improved pain intensity, functional scales, 
functional tests, and range of motion. However, the evi-
dence for muscle strength and fear of movement remains 
uncertain, considering the relatively small sample size 
with respect to kinesiophobia. The results from the meta-
analysis provided preliminary evidence for the effective-
ness of movement representation techniques for pain 

relief, functional performance, range of motion, muscle 
strength and fear of movement in individuals after ortho-
paedic surgeries.

It was difficult to provide a standard clinical protocol 
regarding the use of movement representation tech-
niques in orthopaedic individuals on the basis of our 
results because of the diversity of intervention dura-
tions, frequencies, timings and types. Although we 
managed to explain the cause of heterogeneity (such as 
intervention content and outcome measures), there may 
be other potential factors. For example, pharmacologi-
cal treatment or modalities were also administrated dif-
ferently across studies. Although such treatments were 
always used both in experimental and control groups, 
cautious should be taken for future studies to consider 
such potential confounding factors. Previous studies 
have tested the dose‒response effects of motor imagery 
in healthy populations. Paravlic et al. [28] reported that a 
training duration of four weeks with a frequency of three 
times per week could yield satisfactory improvement. In 
terms of the training period for postsurgical individuals, 
13 trials conducted interventions over four weeks, seven 
trials conducted less than four weeks, and one trial per-
formed motor imagery as preoperative education for two 
sessions. In terms of training frequency, consistent with 
previous studies, more than half of the included studies 
reported training frequency of three times a week.

Fig. 7  Forest plot for the mean difference in the effects of movement representation techniques on fear of movement

 

Fig. 6  Forest plot for the standard mean difference in the effect of movement representation technique on muscle strength
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Fig. 8  Subgroup analysis of pain intensity (A), functional scale score (B), and range of motion (C)
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Studies have suggested that different types of motor 
imagery may involve distinct underlying neural struc-
tures [44]. Explicit motor imagery referred to conscious 
motor imagery, which was assessed via self-reported 
scales such as kinesthetic and visual imagery question-
naires. Implicit motor imagery refers to unconscious 
motor imagery, which is always assessed with a hand lat-
erality judgment task [45]. Caution should be taken when 
one tool is used to monitor and screen individuals [46]. 
In our study, motor imagery in all eight trials was explicit 
motor imagery, and graded motor imagery included both 
explicit and implicit motor imagery. According to our 
results, explicit motor imagery was more widely adopted 
for individuals after orthopaedic surgeries and was able 
to yield satisfying results.

The mechanism of movement representation tech-
niques has been widely investigated. Individuals who 
undergo orthopaedic surgeries always exhibit high irrita-
bility and inflammatory responses, which prevent them 
from moving. Individuals with osteoarthritis before 
surgery also experience decreased activation of related 
cortical representation areas or impaired central ner-
vous system processing [10, 47]. Studies have shown that 
motor imagery enhances the functional activity of pre-
motor, somatosensory and parietal networks in the same 
way as actual motor execution does [48, 49]. The pre-
motor region mainly includes the ventral premotor cor-
tex, dorsal premotor cortex and presupplementary area, 
which contain mirror neurons and contribute to action 
preparation [49]. Mirror neurons were essential neural 
substrate for understanding and executing movement. 
The activation of mirror neurons or mirror neuron-based 
therapy have been proved to improve functional perfor-
mance [50, 51]. The parietal cortex is also believed to 
contain mirror neurons and is usually responsible for the 
processing of multiple types of sensory information [49]. 
The consistent recruitment of the somatosensory cortex 
implies the kinesthetic aspects of movement representa-
tion techniques [52]. The subcortical structures, such as 
the cerebellum and putamen, are also involved in actual 
movement and present plasticity changes during motor 
imagery and action observation. In our study, we found 
that movement representation techniques were signifi-
cantly more effective than conventional rehabilitation 
alone in terms of functional tests and functional scales. 
This functional improvement may be correlated with 
increased recruitment of the functional representation 
cortex, and the specific mechanism in postorthopaedic 
individuals should be further investigated. Furthermore, 
except for orthopaedic rehabilitation, movement repre-
sentation techniques were also beneficial for improving 
motor function and balance in patients with Parkinsons’s 
disease [51]. It highlighted the boarder application of 

movement representation techniques in other rehabilita-
tion area.

Movement representation techniques may also modu-
late pain through the activation of certain functional 
representative cortical areas [53]. In addition, motor 
imagery achieves hypoalgesic effects on individuals by 
modulating sensory and emotional aspects instead of 
redirecting participants’ attention. For example, when 
harmful stimuli were presented to participants imagining 
wearing gloves, not only did the subjective perception of 
pain decrease, but high-intensity pain was also more fre-
quently categorized as nonnociceptive pain [54]. Further-
more, movement representation techniques could also 
counteract the reduction in pain-induced corticomotor 
excitability, especially during acute musculoskeletal pain 
[55]. Although studies have argued that acute pain due to 
peripheral factors may be less beneficial from movement 
representation techniques [14], postsurgical pain tends 
to be relieved within one week, and most interventions 
continue for at least four weeks. In such circumstances, 
peripheral factors are less important to consider. Thus, 
early activation of the motor execution network could be 
broadly beneficial for postsurgical individuals.

Enhanced recovery after surgery (ERAS) is a multidis-
ciplinary approach for individuals subjected to ortho-
paedic surgeries [56, 57]. It was developed to reduce 
postsurgical complications and stress. A recent system-
atic review and meta-analysis revealed that in individu-
als undergoing orthopaedic surgery, ERAS was able to 
significantly reduce the pain level, complication rate and 
length of stay [58]. ERAS contains several main elements 
during perioperative management, such as early mobi-
lization, pain control, minimally invasive surgery, and 
nutrition and fluid management. Early mobilization is 
one of the core elements of postoperative ERAS manage-
ment and has been advocated in nearly all trials involving 
the ERAS protocol for joint replacement surgeries [59, 
60]. It has additional benefits in improving lower extrem-
ity function. In our study, more than half of the enrolled 
trials initiated the interventions within two weeks after 
surgery, and we found that the experimental group that 
used movement representation techniques to activate 
the motor cortex early performed better in the functional 
test (i.e., the 9-Hole Peg Test, the Purdue Pegboard Test, 
the Minnesota Manual Dexterity Test, the TUG test, the 
Stair Climbing Test, and the Chair Sit-to-Stand Test) 
and in the functional scales (i.e., the PRWE test, DASH 
test, the BCTQ test, the OKS test, the LEFS test, and the 
WOMAC). It has been postulated that mental rehearsal 
could enhance motor preparation to achieve better func-
tional performance [25]. Furthermore, the completion 
rate of early mobilization has rarely reached 80% [58], 
especially in elderly adults. Movement representation 
techniques may therefore be a more suitable approach for 
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individuals, especially for individuals with low physical 
reserve and mobilization restrictions [61], to quickly acti-
vate the task-representative motor cortex.

Limitations
There are several limitations in our study to disclose. 
First, this study provides preliminary evidence for the use 
of movement representation techniques in orthopaedic 
surgeries. However, the dosage and timing of each trial 
used varied significantly. Most trials initiated the inter-
vention within two weeks after surgery, whereas other 
trials started in the middle-to-late stage. It was difficult 
to provide a standard protocol for clinicians on the basis 
of our study. Future studies should consider establishing 
standardized protocol based on the following key factors, 
such as optimal intervention timing, evidence-based rec-
ommendations for intervention frequency and duration, 
types of movement representation techniques based on 
patient-specific factors and clinical goals. Second, the 
variability in evidence quality is also a limitation in our 
study, which was mainly due to heterogeneity between 
studies and different outcomes used. Future studies 
should conduct larger, well-designed randomized con-
trolled trials with standardized methodologies to reduce 
bias and inconsistency. Ensuring more rigorous reporting 
outcomes and methodologies should also be considered 
to enhance transparency and reproducibility. Third, some 
important outcome measures, such as kinesiophobia, 
lack a sufficient sample size to draw conclusions. Only 
four trials measured fear of movement, with significant 
heterogeneity. Fear of movement is an important out-
come and could be a potential mechanism influencing 
functional performance. Recent studies have suggested 
that the level of functional performance was determined 
by the individuals’ perception of joint and the confident 
they have when using it [62, 63]. To better understand-
ing the mechanism of movement representation tech-
niques in patient post-orthopaedic surgery, future studies 
should include kinesiophoia as outcome measures and 
utilize standardized assessment tool and methodologies 
for measuring kinesiophobia. Finally, few of the included 
studies assessed motor imagery ability. This could be a 
potential confounder to the final conclusion.

Conclusion
There is emerging evidence regarding the application of 
movement representation techniques for musculoskel-
etal disorders. This systematic review and meta-analysis 
supported the use of such techniques in individuals after 
orthopaedic surgery and revealed significant improve-
ments in pain relief and functional performance, with 
moderate to very low-quality evidence. Further stud-
ies should conduct larger and well-designed random-
ized controlled trials to establish standard protocol and 

improve evidence quality. The mechanism of movement 
representation techniques, such as mirror neuron activa-
tion underlying post-orthopaedic or neurological condi-
tions should also be further investigated. Cautious should 
be taken in future studies to control other confounding 
factors.

Appendix
Search strategy for PubMed
((((motor imagery[Title/Abstract]) OR (graded motor 
imagery[Title/Abstract])) OR (action observation[Title/
Abstract])) OR (mirror therapy[Title/Abstract])) AND 
((randomized controlled trial[Title/Abstract]) OR (ran-
domized controlled study[Title/Abstract]))

Search strategy in Cochrane
#1: (randomized controlled trial): ti, ab, kw OR (random-
ized controlled study): ti, ab, kw.

#2: (motor imagery): ti, ab, kw OR (graded motor imag-
ery): ti, ab, kw OR (mirror therapy): ti, ab, kw OR (action 
observation): ti, ab, kw.

#3: #1 and #2.

Search strategy in Embase
#1: ‘graded motor imagery’:ti, ab, kw OR ‘action 
observation’:ti, ab, kw OR ‘motor imagery’:ti, ab, kw 
OR ‘mirror movement therapy’:ti, ab, kw OR ‘mirror 
therapy’:ti, ab, kw.

#2: ‘randomized controlled trial’:ti, ab, kw OR ‘random-
ized controlled study’:ti, ab, kw.

#3: #1 AND #2.

Search strategy in EBSCOhost
(graded motor imagery OR action observation OR motor 
imagery OR mirror movement therapy OR mirror ther-
apy) AND (AB Randomized Controlled Trial OR AB ran-
domized controlled study).

Search strategy in Scopus
((TITLE-ABS-KEY (randomized AND controlled AND 
trial) OR TITLE-ABS-KEY (randomized AND controlled 
AND study))) AND ((TITLE-ABS-KEY (graded AND 
motor AND imagery) OR TITLE-ABS-KEY (action AND 
observation) OR TITLE-ABS-KEY (motor AND imag-
ery) OR TITLE-ABS-KEY (mirror AND movement AND 
therapy) OR TITLE-ABS-KEY (mirror AND therapy))).

Abbreviations
PEDro	� Physiotherapy Evidence Database
GRADE	� Grading of Recommendations Assessment, Development, and 

Evaluation
DASH	� Disability of Arm, Shoulder, and Hand
ERAS	� Enhanced recovery after surgery



Page 20 of 22Yu et al. BMC Musculoskeletal Disorders          (2025) 26:271 

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​9​1​-​0​2​5​-​0​8​4​9​6​-​0.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
XY, WQZ, XQW, QP, XFG, QH designed the concept. XY, HJW, JXW acquired 
data. XY, HJW, HJ, XQW, WQZ, QP, XFG, QH interpreted data. XY wrote the 
first draft of the manuscript, and other authors reviewed the manuscript. All 
authors approved the final version and submission of the manuscript.

Funding
One author (Wen-qian Zhi) received funding from Beijing Municipal 
Administration of Hospitals Incubating Program (PX2024018).

Data availability
All data generated or analysed during this study are included in this article 
and its supplementary material.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Rehabilitation Medicine, Beijing Jishuitan Hospital, 
Capital Medical University, No. 31, Xinjiekou East Street, Xicheng District, 
Beijing, China
2Rehabilitation Center, Beijing Rehabilitation Hospital, Capital Medical 
University, Beijing, China
3Department of Physical Therapy and Rehabilitation, Southeast Colorado 
Hospital, Springfield, CO, USA
4Beijing Rehabilitation Medical College, Capital Medical University, Beijing, 
China

Received: 29 December 2024 / Accepted: 4 March 2025

References
1.	 Ng MS, P, Low. S S E, Tay, W, X, et al. Enhanced recovery after surgery protocol 

improves postoperative pain and shortens length of stay among patients 
undergoing primary total knee arthroplasty.[J]. J Orthop. 2023;47(Print):0972–
X978. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​o​r​.​2​0​2​3​.​1​1​.​0​0​3.

2.	 Roy I, Karmarkar AM, Lininger MR, et al. Association between hospital par-
ticipation in Value-Based programs and timely initiation of Post-Acute home 
health care, functional recovery, and hospital readmission after joint Replace-
ment.[J]. Phys Ther. 2023;103(12). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​p​​t​j​/​p​z​a​d​1​2​3.

3.	 Sire AD, Invernizzi M, Baricich. A, et al. Optimization of transdisciplinary man-
agement of elderly with femur proximal extremity fracture: A patient-tailored 
plan from orthopaedics to rehabilitation.[J]. World J Orthop. 2021;12(7):456–
66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​3​1​2​​/​w​​j​o​.​v​1​2​.​i​7​.​4​5​6.

4.	 Brox WT, Roberts KC, Taksali S, et al. The American academy of orthopaedic 
surgeons Evidence-Based guideline on management of hip fractures in the 
Elderly.[J]. J Bone Joint Surg Am Volume. 2015;97(14):1196–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​2​1​0​6​​/​j​​b​j​s​.​O​.​0​0​2​2​9.

5.	 Jette DU, Hunter SJ, Burkett L, et al. Phys Therapist Manage Total Knee Arthro-
plasty [J] Phys Ther. 2020;100(9):1603–31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​p​​t​j​/​p​z​a​a​0​9​
9.

6.	 Thieme H, Morkisch N, Rietz C, et al. The efficacy of movement representation 
techniques for treatment of limb Pain—A systematic review and Meta-Analy-
sis.[J]. J Pain. 2016;17(2):167–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​p​​a​i​n​​.​2​0​1​​5​.​​1​0​.​0​1​5.

7.	 Dilek B, Ayhan C, Yagci G, et al. Effectiveness of the graded motor imagery to 
improve hand function in patients with distal radius fracture: A randomized 
controlled trial.[J]. J Hand Ther. 2018;31(1):2–e91. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​h​t​.​
2​0​1​7​.​0​9​.​0​0​4.

8.	 Strauss S, Barby S, Härtner J, et al. Graded motor imagery modifies movement 
pain, cortical excitability and sensorimotor function in complex regional pain 
syndrome.[J]. Brain Commun. 2021;3(4):fcab216. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​b​​r​a​i​
n​c​o​m​m​s​/​f​c​a​b​2​1​6.

9.	 Candiri B, Talu B, Guner E, et al. The effect of graded motor imagery training 
on pain, functional performance, motor imagery skills, and kinesiophobia 
after total knee arthroplasty: randomized controlled trial.[J]. Korean J Pain. 
2023;36(3):369–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​4​4​​/​k​​j​p​.​2​3​0​2​0.

10.	 Galonski T, Mansfield C, Moeller J, et al. Does graded motor imagery benefit 
individuals with knee pain: A systematic review and meta-analysis.[J]. J 
Bodyw Mov Ther. 2023;35:130–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​b​m​t​.​2​0​2​3​.​0​5​.​0​0​5.

11.	 Plakoutsis G, Paraskevopoulos E, Zavvos A, et al. The effects of motor imagery 
on pain in lower limb sports injuries: A systematic review and Meta-Analysis.
[J]. Healthcare. 2022;10(12). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​h​​e​a​l​t​h​c​a​r​e​1​0​1​2​2​5​4​5.

12.	 Suso-Martí L, La Touche R, Angulo‐Díaz‐Parreño S, et al. Effectiveness 
of motor imagery and action observation training on musculoskeletal 
pain intensity: A systematic review and meta‐analysis.[J]. Eur J Pain. 
2020;24(5):886–901. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​e​​j​p​.​1​5​4​0.

13.	 Yap BWD, Lim ECW. The effects of motor imagery on pain and range of 
motion in musculoskeletal Disorders.[J]. Clin J Pain. 2019;35(1):87–99. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​a​​j​p​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​0​6​4​8.

14.	 Cuenca-Martínez F, Reina‐Varona Á, Castillo‐García J, et al. Pain relief by 
movement representation strategies: an umbrella and mapping review with 
meta‐meta‐analysis of motor imagery, action observation and mirror therapy.
[J]. Eur J Pain. 2021;26(2):284–309. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​e​​j​p​.​1​8​7​0.

15.	 Siemes LJF, Van Der Worp MP, Nieuwenhuijzen P, H J, A, et al. The effect of 
movement representation techniques on ankle function and performance in 
persons with or without a lateral ankle sprain: a systematic review and meta-
analysis.[J]. BMC Musculoskelet Disord. 2023;24(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​
2​8​9​1​-​0​2​3​-​0​6​9​0​6​-​9.

16.	 Ferrer-Peña R, Cuenca-Martínez F, Romero-Palau M, et al. Effects of motor 
imagery on strength, range of motion, physical function, and pain intensity in 
patients with total knee arthroplasty: A systematic review and meta-analysis.
[J]. Braz J Phys Ther. 2021;25(6):698–708. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​b​j​p​t​.​2​0​2​1​.​1​
1​.​0​0​1.

17.	 Li R, Du J, Yang K, et al. Effectiveness of motor imagery for improving func-
tional performance after total knee arthroplasty: a systematic review with 
meta-analysis.[J]. J Orthop Surg Res. 2022;17(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​
1​8​-​0​2​2​-​0​2​9​4​6​-​4.

18.	 Özden F, Lee T-H, Liu C-H, et al. Effectiveness of mental simulation practices 
after total knee arthroplasty in patients with knee osteoarthritis: A systematic 
review and meta-analysis of randomized controlled trials.[J]. PLoS ONE. 
2022;17(6). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​2​6​9​2​9​6.

19.	 Page MJ, Mckenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews.[J]. BMJ (Clinical research 
ed), 2021, 372: n71. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​.​n​7​1

20.	 Cashin AG, Mcauley JH, Clinimetrics. Physiotherapy evidence database 
(PEDro) Scale.[J]. J Physiotherapy. 2020;66(1):59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​p​​h​y​
s​​.​2​0​1​​9​.​​0​8​.​0​0​5.

21.	 Maher CG, Sherrington C, Herbert RD, et al. Reliability of the PEDro scale for 
rating quality of randomized controlled trials.[J]. Phys Ther. 2003;83(8):713–21.

22.	 Xie CX, Machado GC, Clinimetrics. Grading of recommendations, assessment, 
development and evaluation (GRADE).[J]. J Physiotherapy. 2021;67(1). ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​p​​h​y​s​​.​2​0​2​​0​.​​0​7​.​0​0​3.

23.	 Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-
analyses.[J]. BMJ (Clinical Res ed). 2003;327(7414):557–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
1​3​6​​/​b​​m​j​.​3​2​7​.​7​4​1​4​.​5​5​7.

24.	 Briones-Cantero M, Fernández-De-Las-Peñas C, Lluch-Girbés E, et al. Effects of 
adding motor imagery to early physical therapy in patients with knee osteo-
arthritis who had received total knee arthroplasty: A randomized clinical Trial.
[J]. Pain Med. 2020;21(12):3548–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​p​​m​/​p​n​a​a​1​0​3.

https://doi.org/10.1186/s12891-025-08496-0
https://doi.org/10.1186/s12891-025-08496-0
https://doi.org/10.1016/j.jor.2023.11.003
https://doi.org/10.1093/ptj/pzad123
https://doi.org/10.5312/wjo.v12.i7.456
https://doi.org/10.2106/jbjs.O.00229
https://doi.org/10.2106/jbjs.O.00229
https://doi.org/10.1093/ptj/pzaa099
https://doi.org/10.1093/ptj/pzaa099
https://doi.org/10.1016/j.jpain.2015.10.015
https://doi.org/10.1016/j.jht.2017.09.004
https://doi.org/10.1016/j.jht.2017.09.004
https://doi.org/10.1093/braincomms/fcab216
https://doi.org/10.1093/braincomms/fcab216
https://doi.org/10.3344/kjp.23020
https://doi.org/10.1016/j.jbmt.2023.05.005
https://doi.org/10.3390/healthcare10122545
https://doi.org/10.1002/ejp.1540
https://doi.org/10.1097/ajp.0000000000000648
https://doi.org/10.1097/ajp.0000000000000648
https://doi.org/10.1002/ejp.1870
https://doi.org/10.1186/s12891-023-06906-9
https://doi.org/10.1186/s12891-023-06906-9
https://doi.org/10.1016/j.bjpt.2021.11.001
https://doi.org/10.1016/j.bjpt.2021.11.001
https://doi.org/10.1186/s13018-022-02946-4
https://doi.org/10.1186/s13018-022-02946-4
https://doi.org/10.1371/journal.pone.0269296
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.jphys.2019.08.005
https://doi.org/10.1016/j.jphys.2019.08.005
https://doi.org/10.1016/j.jphys.2020.07.003
https://doi.org/10.1016/j.jphys.2020.07.003
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1093/pm/pnaa103


Page 21 of 22Yu et al. BMC Musculoskeletal Disorders          (2025) 26:271 

25.	 Moukarzel M, Di Rienzo F, Lahoud J-C, et al. The therapeutic role of motor 
imagery during the acute phase after total knee arthroplasty: a pilot study.[J]. 
Disabil Rehabil. 2017;41(8):926–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​9​6​3​​8​2​8​​8​.​2​0​​1​7​​.​1​4​
1​9​2​8​9.

26.	 Moukarzel M, Guillot A, Di Rienzo F, et al. The therapeutic role of motor imag-
ery during the chronic phase after total knee arthroplasty: a pilot randomized 
controlled trial.[J]. Eur J Phys Rehabil Med. 2020;55(6). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​7​3​​
6​/​​s​1​9​​7​3​-​​9​0​8​7​​.​1​​9​.​0​5​1​3​6​-​0.

27.	 Paravlic AH, Maffulli N, Kovač S, et al. Home-based motor imagery interven-
tion improves functional performance following total knee arthroplasty 
in the short term: a randomized controlled trial.[J]. J Orthop Surg Res. 
2020;15(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​1​8​-​0​2​0​-​0​1​9​6​4​-​4.

28.	 Paravlic AH, Slimani M, Tod D, et al. Effects and Dose–Response relationships 
of motor imagery practice on strength development in healthy adult popula-
tions: a systematic review and Meta-analysis.[J]. Sports Med. 2018;48(5):1165–
87. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​4​0​2​7​9​-​0​1​8​-​0​8​7​4​-​8.

29.	 Bellelli G, Buccino G, Bernardini B, et al. Action observation treatment 
improves recovery of postsurgical orthopedic patients: evidence for a Top-
Down Effect?[J]. Arch Phys Med Rehabil. 2010;91(10):1489–94. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​1​0​1​6​​/​j​​.​a​p​m​r​.​2​0​1​0​.​0​7​.​0​1​3.

30.	 Park SD, Song HS, Kim JY. The effect of action observation training on knee 
joint function and gait ability in total knee replacement patients.[J]. J Exerc 
Rehabilitation. 2014;10(3):168–71. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​9​6​​5​/​​j​e​r​.​1​4​0​1​1​2.

31.	 Abolfazli M, Lajevardi L, Mirzaei L, et al. The effect of early intervention of 
mirror visual feedback on pain, disability and motor function following 
hand reconstructive surgery: a randomized clinical trial.[J]. Clin Rehabil. 
2018;33(3):494–503. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​2​6​9​2​1​5​5​1​8​8​1​1​9​0​7.

32.	 Civi Karaaslan T, Berkoz O, Tarakci E. The effect of mirror therapy after carpal 
tunnel syndrome surgery: A randomised controlled study.[J]. Hand Surg 
Rehabilitation. 2020;39(5):406–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​a​​n​s​u​​r​.​2​0​​2​0​​.​0​4​.​0​1​
1.

33.	 Rostami HR, Arefi A, Tabatabaei S. Effect of mirror therapy on hand function 
in patients with hand orthopaedic injuries: a randomized controlled trial.[J]. 
Disabil Rehabil. 2013;35(19):1647–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​1​0​9​​/​0​​9​6​3​​8​2​8​​8​.​2​0​​1​2​​.​
7​5​1​1​3​2.

34.	 Stenekes MW, Geertzen JH, Nicolai J-PA, et al. Effects of motor imagery on 
hand function during immobilization after flexor tendon Repair.[J]. Arch Phys 
Med Rehabil. 2009;90(4):553–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​p​m​r​.​2​0​0​8​.​1​0​.​0​2​9.

35.	 Yalçın G, Mülkoğlu C, Gülmez S, et al. The effect of mirror therapy in the 
rehabilitation of flexor tendon injuries after primary surgical repair.[J]. Hand 
Surg Rehabilitation. 2024;43(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​a​​n​s​u​​r​.​2​0​​2​3​​.​1​0​.​0​0​6.

36.	 Yun D-E, Kim M-K. Effects of mirror therapy on muscle activity, muscle 
tone, pain, and function in patients with mutilating injuries.[J]. Medicine. 
2019;98(17). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​m​​d​.​0​​0​0​0​​0​0​0​0​​0​0​​0​1​5​1​5​7.

37.	 Lebon F, Guillot A, Collet C. Increased muscle activation following motor 
imagery during the rehabilitation of the anterior cruciate Ligament.[J]. Appl 
Psychophysiol Biofeedback. 2011;37(1):45–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​4​8​
4​-​0​1​1​-​9​1​7​5​-​9.

38.	 Toshniwal P, Wani S, Mungikar S, et al. Effectiveness of mirror therapy in 
adjunct to conventional physiotherapy on pain, instability, joint mobil-
ity and proprioception in patients with post anterior cruciate ligament 
reconstruction surgery: A randomized controlled Trial.[J]. Neuro Quantology. 
2022;20(9):5954–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​4​7​0​​4​/​​n​q​.​​2​0​2​​2​.​2​0​​.​9​​.​N​Q​4​4​6​9​4.

39.	 Marusic U, Grosprêtre S, Paravlic A, et al. Motor imagery during action obser-
vation of locomotor tasks improves rehabilitation outcome in older adults 
after total hip Arthroplasty.[J]. Neural Plast. 2018;2018:1–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​1​5​5​​/​2​​0​1​8​/​5​6​5​1​3​9​1.

40.	 Temporiti F, Ruspi A, De Leo D, et al. Action observation and motor imagery 
administered the day before surgery enhance functional recovery in patients 
after total hip arthroplasty: A randomized controlled trial.[J]. Clin Rehabil. 
2022;36(12):1613–22. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​2​6​9​2​1​5​5​2​2​1​1​1​6​8​2​0.

41.	 Birinci T, Kaya Mutlu E, Altun S. The efficacy of graded motor imagery in 
post-traumatic stiffness of elbow: a randomized controlled trial.[J]. J Shoulder 
Elbow Surg. 2022;31(10):2147–56. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​s​e​.​2​0​2​2​.​0​5​.​0​3​1.

42.	 Korbus H, Schott N. Does mental practice or mirror therapy help prevent 
functional loss after distal radius fracture? A randomized controlled trial.[J]. J 
Hand Ther. 2022;35(1):86–96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​h​t​.​2​0​2​0​.​1​0​.​0​1​7.

43.	 Villafañe JH, Isgrò M, Borsatti M, et al. Effects of action observation treatment 
in recovery after total knee replacement: a prospective clinical trial.[J]. Clin 
Rehabil. 2016;31(3):361–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​2​6​9​2​1​5​5​1​6​6​4​2​6​0​5.

44.	 Wallwork SB, Braithwaite FA et al. Commentary on Effectiveness of motor 
imagery and action observation training on musculoskeletal pain intensity: A 
systematic review and meta-analysis by Suso-Martí. [J]. European journal of 
pain (London, England), 2020, 24(6): 1003–1004. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​e​​j​p​.​1​
5​7​1

45.	 Osuagwu BA, Vuckovic A. Similarities between explicit and implicit motor 
imagery in mental rotation of hands: an EEG study.[J]. Neuropsychologia. 
2014;65:197–210. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​e​​u​r​o​​p​s​y​c​​h​o​​l​o​g​i​a​.​2​0​1​4​.​1​0​.​0​2​9.

46.	 De Vries S, Tepper M, Feenstra W, et al. Motor imagery ability in stroke 
patients: the relationship between implicit and explicit motor imagery mea-
sures.[J]. Front Hum Neurosci. 2013;7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​h​u​m​.​2​0​1​3​.​0​0​
7​9​0.

47.	 Gandola M, Bruno M, Zapparoli L, et al. Functional brain effects of hand 
disuse in patients with trapeziometacarpal joint osteoarthritis: executed and 
imagined movements.[J]. Exp Brain Res. 2017;235(10):3227–41. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​2​2​1​-​0​1​7​-​5​0​4​9​-​6.

48.	 Bonassi G, Biggio M, Bisio A, et al. Provision of somatosensory inputs during 
motor imagery enhances learning-induced plasticity in human motor cortex.
[J]. Sci Rep. 2017;7(1):9300. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​8​-​0​1​7​-​0​9​5​9​7​-​0.

49.	 Hardwick RM, Caspers S, Eickhoff SB, Neuroscience, et al. Biobehavioral 
Reviews. 2018;94:31–44. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​e​​u​b​i​​o​r​e​v​​.​2​​0​1​8​.​0​8​.​0​0​3.

50.	 Mao H, Li Y, Tang L, et al. Effects of mirror neuron system-based training on 
rehabilitation of stroke patients.[J]. Brain Behav. 2020;10(8):e01729. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​b​​r​b​3​.​1​7​2​9.

51.	 Tedeschi R, Platano D, Donati D, et al. Harnessing mirror neurons: A new fron-
tier in Parkinson’s disease Rehabilitation—A scoping review of the Literature.
[J]. J Clin Med. 2024;13(15). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​j​​c​m​1​3​1​5​4​5​3​9.

52.	 Kilteni K, Andersson BJ, Houborg C, et al. Motor imagery involves predicting 
the sensory consequences of the imagined movement.[J]. Nat Commun. 
2018;9(1):1617. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​4​6​7​-​0​1​8​-​0​3​9​8​9​-​0.

53.	 Chye S, Valappil AC, Wright DJ, et al. The effects of combined action observa-
tion and motor imagery on corticospinal excitability and movement out-
comes: two meta-analyses.[J]. Neuroscience & Biobehavioral Reviews; 2022. 
p. 143. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​e​​u​b​i​​o​r​e​v​​.​2​​0​2​2​.​1​0​4​9​1​1.

54.	 Fardo F, Allen M, Jegindø E-M E, et al. Neurocognitive evidence for mental 
imagery-driven hypoalgesic and hyperalgesic pain regulation.[J]. NeuroIm-
age. 2015;120:350–61. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​e​​u​r​o​​i​m​a​g​​e​.​​2​0​1​5​.​0​7​.​0​0​8.

55.	 Larsen DB, Graven-Nielsen T, Boudreau SA. Pain-Induced reduction in corti-
comotor excitability is counteracted by combined Action-Observation and 
motor Imagery.[J]. J Pain. 2019;20(11):1307–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​p​​a​i​n​​
.​2​0​1​​9​.​​0​5​.​0​0​1.

56.	 Hu ZC, He LJ, Chen D, et al. An enhanced recovery after surgery program in 
orthopedic surgery: a systematic review and meta-analysis.[J]. J Orthop Surg 
Res. 2019;14(1):77. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​1​8​-​0​1​9​-​1​1​1​6​-​y.

57.	 Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after Surgery.[J]. JAMA 
Surg. 2017;152(3). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​s​u​r​g​.​2​0​1​6​.​4​9​5​2.

58.	 Tan P, Huo M, Zhou X, et al. The safety and effectiveness of enhanced 
recovery after surgery (ERAS) in older patients undergoing orthopedic 
surgery: a systematic review and meta-analysis.[J]. Arch Orthop Trauma Surg. 
2023;143(11):6535–45. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​0​2​-​0​2​3​-​0​4​9​6​3​-​2.

59.	 Jiang M, Liu S, Deng H, et al. The efficacy and safety of fast track surgery (FTS) 
in patients after hip fracture surgery: a meta-analysis.[J]. J Orthop Surg Res. 
2021;16(1):162. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​1​8​-​0​2​1​-​0​2​2​7​7​-​w.

60.	 Zhang Q, Chen Y, Li Y, et al. Enhanced recovery after surgery in patients 
after hip and knee arthroplasty: a systematic review and meta-analysis.[J]. 
Postgrad Med J. 2024;100(1181):159–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​p​​o​s​t​m​j​/​q​g​a​
d​1​2​5.

61.	 Cuenca-MartÍnez F, Angulo-DÍaz-ParreÑo S, FeijÓo-Rubio X, et al. Motor 
effects of movement representation techniques and cross-education: a 
systematic review and meta-analysis.[J]. Eur J Phys Rehabil Med. 2022;58(1). ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​7​3​​6​/​​s​1​9​​7​3​-​​9​0​8​7​​.​2​​1​.​0​6​8​9​3​-​3.

62.	 Lozano-Meca J, Gacto-Sánchez M, Montilla-Herrador J. Association of kine-
siophobia with pain, disability and functional limitation in adults with knee 
osteoarthritis: A systematic review and meta-analysis.[J]. Geriatric nursing 
(New York, NY), 2024, 60: 481–90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​g​e​​r​i​n​​u​r​s​e​​.​2​​0​2​4​.​1​0​.​
0​1​3

https://doi.org/10.1080/09638288.2017.1419289
https://doi.org/10.1080/09638288.2017.1419289
https://doi.org/10.23736/s1973-9087.19.05136-0
https://doi.org/10.23736/s1973-9087.19.05136-0
https://doi.org/10.1186/s13018-020-01964-4
https://doi.org/10.1007/s40279-018-0874-8
https://doi.org/10.1016/j.apmr.2010.07.013
https://doi.org/10.1016/j.apmr.2010.07.013
https://doi.org/10.12965/jer.140112
https://doi.org/10.1177/0269215518811907
https://doi.org/10.1016/j.hansur.2020.04.011
https://doi.org/10.1016/j.hansur.2020.04.011
https://doi.org/10.3109/09638288.2012.751132
https://doi.org/10.3109/09638288.2012.751132
https://doi.org/10.1016/j.apmr.2008.10.029
https://doi.org/10.1016/j.hansur.2023.10.006
https://doi.org/10.1097/md.0000000000015157
https://doi.org/10.1007/s10484-011-9175-9
https://doi.org/10.1007/s10484-011-9175-9
https://doi.org/10.14704/nq.2022.20.9.NQ44694
https://doi.org/10.1155/2018/5651391
https://doi.org/10.1155/2018/5651391
https://doi.org/10.1177/02692155221116820
https://doi.org/10.1016/j.jse.2022.05.031
https://doi.org/10.1016/j.jht.2020.10.017
https://doi.org/10.1177/0269215516642605
https://doi.org/10.1002/ejp.1571
https://doi.org/10.1002/ejp.1571
https://doi.org/10.1016/j.neuropsychologia.2014.10.029
https://doi.org/10.3389/fnhum.2013.00790
https://doi.org/10.3389/fnhum.2013.00790
https://doi.org/10.1007/s00221-017-5049-6
https://doi.org/10.1007/s00221-017-5049-6
https://doi.org/10.1038/s41598-017-09597-0
https://doi.org/10.1016/j.neubiorev.2018.08.003
https://doi.org/10.1002/brb3.1729
https://doi.org/10.1002/brb3.1729
https://doi.org/10.3390/jcm13154539
https://doi.org/10.1038/s41467-018-03989-0
https://doi.org/10.1016/j.neubiorev.2022.104911
https://doi.org/10.1016/j.neuroimage.2015.07.008
https://doi.org/10.1016/j.jpain.2019.05.001
https://doi.org/10.1016/j.jpain.2019.05.001
https://doi.org/10.1186/s13018-019-1116-y
https://doi.org/10.1001/jamasurg.2016.4952
https://doi.org/10.1007/s00402-023-04963-2
https://doi.org/10.1186/s13018-021-02277-w
https://doi.org/10.1093/postmj/qgad125
https://doi.org/10.1093/postmj/qgad125
https://doi.org/10.23736/s1973-9087.21.06893-3
https://doi.org/10.23736/s1973-9087.21.06893-3
https://doi.org/10.1016/j.gerinurse.2024.10.013
https://doi.org/10.1016/j.gerinurse.2024.10.013


Page 22 of 22Yu et al. BMC Musculoskeletal Disorders          (2025) 26:271 

63.	 Nishigami T, Tanaka S, Mibu A, et al. Knee-related disability was largely 
influenced by cognitive factors and disturbed body perception in knee 
osteoarthritis.[J]. Sci Rep. 2021;11(1):5835. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​3​8​​/​s​4​1​​5​9​8​-​​0​2​
1​-​8​​5​3​0​7​-​1.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1038/s41598-021-85307-1
https://doi.org/10.1038/s41598-021-85307-1

	﻿Evaluating the impact of movement representation techniques on recovery outcomes in post-orthopaedic surgery individuals: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Search strategy
	﻿Eligibility criteria
	﻿Study selection and data extraction
	﻿Study quality assessment
	﻿Evidence rating
	﻿Statistical analysis

	﻿Results
	﻿Experimental interventions
	﻿Comparator intervention
	﻿Outcome measures
	﻿Quality assessment
	﻿Effects of interventions and meta-analyses
	﻿Pain intensity
	﻿Functional scales
	﻿Functional tests
	﻿Range of motion
	﻿Muscle strength
	﻿Kinesiophobia
	﻿Subgroup analysis

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿Appendix
	﻿Search strategy for PubMed
	﻿Search strategy in Cochrane
	﻿Search strategy in Embase
	﻿Search strategy in EBSCOhost
	﻿Search strategy in Scopus

	﻿References


