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Abstract: Objective: To retrospectively investigate the effects of motor imagery (MI) training in enhancing knee joint 
function after unicompartmental knee arthroplasty (UKA). Methods: This study included 84 patients who underwent 
UKA at the Orthopedic Joint Department of Shangluo Central Hospital between January 2023 and October 2024. 
Patients were divided into an experimental group (n = 42) receiving MI training and a control group (n = 42) receiv-
ing standard rehabilitation. Clinical outcomes were assessed using the Oxford Knee Score (OKS), Visual Analogue 
Scale (VAS), range of motion (ROM), Timed Up and Go Test (TUGT), Berg Balance Scale (BBS), and Hospital for 
Special Surgery Knee Score (HSS) at 1, 6, and 12 months postoperatively. Imaging parameters were also analyzed 
at 6 months. Results: Compared to the control group, the experimental group exhibited significantly better clini-
cal outcomes across all measured functions (OKS, VAS, ROM, TUGT, HSS, BBS, Knee flexion angle) at 1, 6, and 
12 months postoperatively (all P < 0.01). Specifically, both groups showed significant OKS improvement and VAS 
reduction post-surgery. The experimental group had more pronounced OKS enhancement and VAS decrease than 
the control group, especially at 6 and 12 months (all P < 0.001). ROM, HSS, and BBS scores and knee flexion angle 
progressively increased over time in both groups (all P < 0.05), with the experimental group having higher values at 
all follow-up times (all P < 0.01). TUGT times were significantly reduced in both groups postoperatively, with greater 
reduction in the experimental group than the controls at each time point (P < 0.01). Conclusions: Motor imagery 
training, when combined with standard postoperative care, significantly enhances knee joint recovery following 
UKA, reduces patient discomfort, and accelerates functional rehabilitation.
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Introduction

Unicompartmental knee arthroplasty (UKA) is a 
surgical procedure used to treat isolated uni-
compartmental knee osteoarthritis [1]. Com- 
pared to age-matched patients undergoing 
total knee arthroplasty (TKA), those treated 
with UKA report higher satisfaction levels [2, 3]. 
Although early postoperative rehabilitation is 
recommended, initiating high-intensity training 
too soon may lead to severe pain and subse-
quent kinesiophobia [4, 5].

Motor imagery (MI) - a mental rehearsal tech-
nique involving the internal simulation of  
movement without actual execution - has been 
widely used in neurorehabilitation to improve 
upper limb function and gait in stroke patients 
[6]. In musculoskeletal rehabilitation, including 
post-injury and postoperative settings, MI has 

shown a beneficial effect in enhancing muscle 
strength.

To date, no study has systematically investigat-
ed the application of MI in the postoperative 
rehabilitation of UKA patients. Unlike previous 
research focused primarily on TKA, our study 
addresses the specific biomechanical and func-
tional demands following UKA, where patients 
typically experience less quadriceps trauma yet 
require rapid functional recovery. Therefore, 
this retrospective study aimed to evaluate the 
effect of MI training on knee function recovery 
after UKA.

Materials and methods

General information

A total of 84 patients who underwent UKA in 
the Orthopedic Joint Department of Shangluo 
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Central Hospital from January 2023 to October 
2024 were enrolled. They were randomly 
assigned to either the experimental group (n = 
42) or the control group (n = 42). Based on a 
pilot study (n = 10) showing a 15% difference in 
Oxford Knee Score (OKS) between groups, an a 
priori power analysis was performed using 
G*Power [7], with α = 0.05, β = 0.2, and effect 
size d = 0.8. The calculated sample size was 42 
per group, which was adopted to account for 
potential attrition.

All patients were diagnosed with knee osteoar-
thritis (FA01), with lesions confined to the medi-
al compartment. Each underwent first-time uni-
lateral medial UKA, and surgical indications 
met the expert consensus on UKA periopera-
tive management. Primary functional impair-
ments included pain (b280), joint mobility (b7- 
10), joint stability (b715), muscle power (b730), 
and gait pattern (b770). Participation limita-
tions encompassed changing and maintaining 
body positions (d410-d415), walking and mobil-
ity (d450-d455), transportation (d470-d475), 
self-care (d510-d570), community integration 
(d910), and recreation and leisure activities 
(d920).

The authors oversaw all aspects of the work, 
ensuring the integrity and accuracy of the 
reported data. The study was approved by the 
Ethics Committee of Shangluo Central Hospital 
and conducted in accordance with the 
Declaration of Helsinki (2013 revision).

Inclusion criteria: (1) Radiographically con-
firmed medial compartment knee osteoarthri-
tis, including Kellgren-Lawrence grade ≥ 2 on 
weight-bearing X-rays (anteroposterior, lateral, 
and merchant views). (2) Alignment and joint 
integrity criteria: varus deformity ≤ 15° (mea-
sured on full-leg standing radiographs), pas-
sively correctable to neutral; intact lateral joint 
space confirmed by valgus stress radiograph at 
20° knee flexion. (3) Knee flexion ≥ 90° and 
flexion contracture < 15°. (4) Intact anterior 
and posterior cruciate ligaments (ACL and PCL) 
confirmed by negative clinical examinations [8, 
9]. (5) Age > 55 years with moderate physical 
activity levels (Tegner Activity Scale ≥ 3). (6) No 
severe fixed angular deformities (e.g., > 15° 
requiring osteotomy). (7) Absence of inflamma-
tory arthritis (e.g., negative serology for rheu-
matoid arthritis). (8) Good treatment adherence 
and willingness to attend at least two outpa-

tient follow-ups per year (including imaging and 
functional assessments).

Exclusion criteria: (1) Age ≥ 85 years. (2) History 
of TKA within the past 3 months or scheduled 
contralateral knee replacement. (3) Revision 
surgery of previous UKA. (4) Neuromuscular 
disorders, quadriceps dysfunction, etc. (5) Pain 
or mobility restrictions in non-knee joints inter-
fering with walking or sit-to-stand transitions. 
(6) Severe cognitive impairment or psychiatric 
illness precluding cooperation with rehabilita- 
tion.

Training protocol

Perioperative rehabilitation: Both groups fol-
lowed a standardized orthopedic rehabilitation 
protocol. Surgeries were performed by the 
same surgical team. Rehabilitation began pre-
operatively and continued on the first postop-
erative day. After routine rehabilitation ses-
sions, patients in the experimental group were 
moved to a quiet, comfortable environment  
for MI training over a 4-week period post- 
discharge.

Routine training: Cryotherapy: 20 minutes/ses-
sion, four times daily for 7 days. Early mobiliza-
tion: walking with a walker within 4-5 hours 
post-surgery. Isometric exercises, straight leg 
raises, and ankle pumps. Knee flexion/exten-
sion exercises (initiated once the surgical 
wound was dry and intact). Activities of daily liv-
ing (ADL) training: dressing, stair use, toileting, 
transfers. Duration: 30 minutes/session, twice 
daily, five days per week.

MI training: The therapist prepared video 
guides demonstrating three movement sets: 
knee flexion-extension, stair descent, and the 
Timed Up and Go Test (TUGT) [4]. Patients 
observed the videos while receiving guided 
auditory instructions through soundproof head-
phones. Each movement was mentally 
rehearsed 10 times per set, with 1-minute 
breaks, totaling 15 minutes per session. 
Training was conducted twice daily, five days 
per week.

Discharge criteria and home training: Discharge 
criteria included stable vital signs, controlled 
pain, no postoperative complications, ≥ 90° 
knee flexion, and independent ADLs using a 
walker. Patients received pre-discharge educa-
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tion on home rehabilitation and safety. Both 
groups continued home-based training for 4 
weeks, with therapists calling three times 
weekly to monitor progress and encourage 
adherence. Outpatient follow-up was conduct-
ed at 6 weeks postoperatively.

Assessment methods

All assessments were conducted by trained 
personnel preoperatively and at 1, 6, and 12 
months postoperatively.

Oxford Knee Score (OKS): The OKS is a patient-
reported outcome measure comprising 12 
items: 5 assessing pain and 7 assessing func-
tion. Each item is scored from 1 to 5, yielding a 
total score ranging from 12 to 60, with lower 
scores indicating worse knee function [10].

Visual Analogue Scale (VAS): The VAS is a 
10-point scale used to evaluate pain intensity: 
0 indicates no pain; 1-3, mild pain; 4-6, moder-
ate pain; 7-9, severe pain; and 10, the most 
severe and unbearable pain [10, 11].

Range of Motion (ROM): Active knee flexion was 
measured using a goniometer [12].

Hospital for Special Surgery Knee Score (HSS): 
The HSS score, ranging from 0 to 100, was 
used to assess knee function before surgery 
and at 3 months postoperatively. Higher scores 
indicate better function. ROM was also mea-
sured using a goniometer [13].

Berg Balance Scale (BBS): The BBS consists of 
14 items evaluating functional balance, includ-
ing sit-to-stand transfers, unsupported sitting 
and standing, and turning. Total scores range 
from 14 to 56, with higher scores indicating 
better balance function [7].

Knee flexion angle: Knee flexion angle is mea-
sured with the participant in supine position, 
hip in neutral position, and knee extended to 
0° as the starting point. A goniometer is aligned 
with the lateral femoral epicondyle (axis), the 
midline of the femur (fixed arm), and the midline 
of the tibia (mobile arm). The angle is recorded 
at maximum knee flexion, with measurements 
repeated twice and averaged for accuracy.

Imaging indexes: At 3 months postoperatively, 
anteroposterior and lateral X-rays of the knee 
were obtained to assess prosthetic alignment. 

The following data were compared between 
groups: tibial component posterior slope angle 
(TCPSA), tibial component varus/valgus angle 
(TCVA), femoral component varus/valgus angle 
(FCVA), and femoral component posterior slope 
angle (FCPSA). Positive values for TCVA and 
FCVA denote varus alignment, and negative val-
ues indicate valgus alignment [14].

Timed Up and Go Test (TUGT): Patients were 
instructed to rise from a chair, walk 3 meters, 
turn around, walk back, and sit down. Assistive 
devices such as walkers were permitted if 
needed. After one practice trial, two measure-
ments were taken, and the average time was 
recorded [15].

Statistical analysis

All statistical analyses were conducted using 
SPSS version 20.0 (SPSS Inc., Chicago, IL, 
USA). For normally distributed continuous vari-
ables, presented as mean ± standard devia-
tion, independent samples t-test and paired 
samples t-test were employed for between-
group and within-group comparisons, respec-
tively. For categorical variables, presented as 
counts and percentages (%), Pearson’s chi-
square test or (when cell counts were < 5) 
Fisher’s exact test were used to assess asso-
ciations. Non-normally distributed variables 
were analyzed using the Kruskal-Wallis test and 
Mann-Whitney U-test. Longitudinal data were 
assessed using repeated-measures ANOVA 
(RM-ANOVA) with Bonferroni correction for with-
in-group comparisons. A p-value < 0.05 was 
considered significant. 

Results

Comparison of baseline characteristics

All patients completed follow-up. No complica-
tions such as wound infection, prosthesis mal-
position, or loosening were observed. Base- 
line demographics, surgical variables, and pre-
operative scores did not significantly differ 
between groups (all P > 0.05; Table 1), confirm-
ing comparability.

Comparison of OKS

There was no significant difference in preopera-
tive OKS between groups (P > 0.05). Post- 
operatively, both groups showed significant 
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improvement in OKS (P < 0.01), with the experi-
mental group demonstrating superior improve-
ment compared to the control group (P < 0.01; 
Figure 1A, 1B).

Comparison of VAS

VAS scores were similar between groups before 
treatment (P > 0.05). Both groups experienced 
significant reductions postoperatively (P < 
0.001), with the experimental group showing 
greater reductions than the control group at 6 
and 12 months (both P < 0.001; Figure 1C, 1D).

Comparison of ROM

There was no significant difference in preopera-
tive ROM between groups (P > 0.05). Post- 
operative ROM improved significantly in the 
experimental group (P < 0.05) and was signifi-
cantly greater than that of the control group (P 
< 0.01; Figure 1E, 1F).

Comparison of HSS scores

Preoperative HSS scores were comparable  
(P > 0.05). Both groups showed progressive 
improvement at 1, 6, and 12 months postop-
eratively, with significantly higher scores in the 
experimental group (P < 0.05; Figure 1G, 1H).

Comparison of TUGT

No significant preoperative difference between 
groups was observed in TUGT time (P > 0.05). 
Both groups demonstrated significantly shorter 
times at 1, 6, and 12 months postoperatively (P 
< 0.01), with the experimental group consis-
tently outperforming the control group (P < 
0.01; Table 2).

Comparison of BBS and knee flexion angle

There were no significant differences in BBS 
scores before surgery (P > 0.05). Both groups 
showed gradual improvements at 1, 6, and 12 
months postoperatively, with significantly high-
er scores in the experimental group (all P < 
0.05, Table 3). Before surgery, knee flexion 
angles did not differ significantly between the 
groups (t = 0.716, P = 0.120). After surgery, the 
experimental group showed greater improve-
ments at 1, 6, and 12 months (all P < 0.001, 
Table 4).

Comparison of imaging parameters at 6 
months

At 6 months postoperatively, there were no sig-
nificant differences between groups in prosthe-
sis alignment parameters, including TCPSA, 
TCVA, FCVA, and FCPSA (all P > 0.05; Table 5).

Radiographic observations

Preoperative (Figure 2A, 2B, 2E, 2F): Natural 
bone morphology of the knee joint was visible. 
Although specific pathologic features were not 
definitively identified, signs such as joint space 
narrowing and irregular articular surfaces sug-
gested degenerative changes.

Postoperative (Figure 2C, 2D, 2G, 2H): The dis-
eased joint structures were replaced with pros-
thetic components. The implants were well-
aligned and closely fitted to the surrounding 
bone, indicating successful structural restora-
tion and improved joint morphology.

Discussion

Motor imagery (MI) refers to the mental simula-
tion of physical movement without actual exe-

Table 1. Comparison of baseline data
Group Control group Experimental group χ2/t P
n 42 42
Gender (male/female)/n 20/22 23/19 0.428 0.512
Age/years, mean ± SD 70.33±5.94 70.47±7.43 0.095 0.933
Operated side (left/right)/n 18/24 19/23 0.048 0.826
Blood loss
    Occult blood loss 256.16±52.71 253.18±51.67 0.261 0.933
    Overt blood loss 261.17±60.37 259.65±71.67 0.105 0.933
Operative time (min) 81.37±4.81 79.62±4.69 1.688 0.576
Surgical blood loss (mL) 231.50±5.53 229.87±5.84 1.313 0.583
Incision length (cm) 12.87±1.75 12.56±1.83 0.793 0.868
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Figure 1. Box plots of OKS, VAS, ROM, and HSS scores. A: Box plots of OKS scores in the control group at 1, 6, and 
12 months before operation; B: Box plots of OKS scores in the experimental group before surgery and at 1, 6, and 
12 months after surgery; C: Box plots of VAS scores in the control group before surgery and at 1, 6, and 12 months 
after surgery; D: Box plots of VAS scores in the experimental group before surgery and at 1, 6, and 12 months after 
surgery; E: Box plots of ROM scores in the control group before surgery and at 1, 6, and 12 months after surgery; F: 
Box plots of ROM scores in the experimental group before surgery and at 1, 6, and 12 months after surgery; G: Box 
plots of HSS scores in the control group before surgery and at 1, 6, and 12 months after surgery; H: Box plots of HSS 
scores in the experimental group before surgery and at 1, 6, and 12 months after surgery; Oxford Knee Score, OKS; 
Visual Analogue Scale, VAS; Range of motion, ROM; Hospital for Special Surgery knee score, HSS.
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cution and has been shown to enhance athletic 
performance [16-18]. During MI training, brain 
regions associated with motor control are acti-
vated. Kober et al. [19] demonstrated that MI 
and execution involve similar neural circuits, 
including the bilateral precentral gyrus, inferior 
frontal gyrus, basal ganglia, insula, supplemen-
tary motor areas, and cerebellum [20-22]. 
Similarly, Deiber et al. [23] reported that the 
prefrontal cortex, premotor cortex, cerebellum, 
and basal ganglia were engaged during both 
imagined and executed movements. Notably, 

the corticospinal tract is activated during MI. 
Avanzion et al. [24] found that MI modulates 
PAS25- and PAS10-induced plasticity in the pri-
mary somatosensory cortex. Somatosensory 
input, akin to physical exercise, contributes to 
motor function improvement during MI.

In elderly patients, MI combined with conven-
tional training has demonstrated benefits fol-
lowing total hip arthroplasty and TKA [11]. A 
systematic review reported that MI in TKA 
patients enhanced muscle strength, reduced 

Table 2. Comparison of TUGT time before and after treatment
Group Control group Experimental group t P
n 42 42
Before surgery 9.56±1.68 8.72±1.20 2.637 0.003
1 month after surgery 9.46±1.60 7.57±0.81 6.830 < 0.001
6 months after surgery 8.95±1.65 7.42±1.21 4.846 0.001
12 months after surgery 8.65±1.72 6.25±1.19 7.437 < 0.001
TUGT, Timed Up and Go Test.

Table 3. Comparison of BBS scores before and after surgery
Group Control group Experimental group t P
n 42 42
Before surgery 34.47±5.40 35.02±4.85 0.491 0.157
1 month after surgery 40.04±5.88 44.48±5.20 3.666 0.001
6 months after surgery 44.50±5.03 49.76±4.77 4.918 0.001
12 months after surgery 45.23±5.12 56.32±4.98 10.060 < 0.001
BBS, Berg Balance Scale.

Table 4. Comparison of knee flexion before and after treatment
Group Control group Experimental group t P
n 42 42
Before surgery 84.31±4.87 83.56±4.72 0.716 0.120
1 month after surgery 94.46±4.24 105.50±4.14 12.070 < 0.001
6 months after surgery 109.57±4.31 119.37±4.26 10.480 < 0.001
12 months after surgery 121.37±4.88 126.87±4.11 5.587 < 0.001

Table 5. Imaging data were observed in the two groups at 6 months after surgery
Group Control group Experimental group t P
n 42 42
TCPSA 5.25±1.82 5.03±1.35 0.629 0.530
TCVA 1.13±0.74 1.20±0.59 0.479 0.632
FCVA 2.46±1.04 2.64±1.15 0.752 0.453
FCPSA 15.48±3.02 16.55±4.33 1.314 0.192
Note: TCPSA is the posterior angle of the tibial prosthesis; TCVA is the valgus angle of the tibial prosthesis; FCVA is the valgus 
angle of the femoral prosthesis; FCPSA is the flexion angle of the femoral prosthesis.
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pain, and improved physical performance. 
Paravlic et al. [25] found that incorporating MI 
into routine physical therapy after TKA yielded 
both specific and general functional improve-
ments. Moukarzel et al. [8] showed that MI dur-
ing the chronic phase post-TKA improved quad-
riceps strength without increasing training 
intensity.

Forward et al. [26] reported that MI alleviated 
pain and anxiety after hip and knee arthroplas-
ty. Hoyek et al. [27] observed that MI enhanced 
pain relief and shoulder mobility in stage II sub-
acromial impingement syndrome. However, 
Paravlic et al. [28] found no significant differ-
ences in knee ROM and pain between TKA 
patients undergoing MI-based home training 
and controls. Zapparoli et al. [29] showed that 
TKA patients receiving computer-visualized MI 
had improved gait, knee motion, and pain out-
comes. These inconsistent results may stem 
from variation in MI protocols, individual MI 
ability, and evaluation methods. Perceptual MI 
primarily activates the motor cortex and 

enhances motor function, while visual MI main-
ly stimulates the visual processing cortex. 
Future studies should assess patients’ MI 
capability during recruitment and consider 
combining perceptual and visual imagery for 
optimal outcomes.

MI targeting quadriceps strengthening has 
been shown to improve physical function in 
TKA patients [30-33]. Compared to TKA, UKA 
causes less quadriceps disruption, resulting in 
superior outcomes in pain, ROM, and function. 
Our findings align with neuroimaging studies 
demonstrating MI-induced activation of the 
premotor cortex and cerebellum [19, 24], which 
may enhance proprioceptive feedback and 
motor planning in UKA patients. In contrast to 
Goodwin et al. [12], who found limited MI ben-
efits in TKA, our study observed superior ROM 
gains - possibly due to less soft tissue trauma 
in UKA, which allows for earlier neural adapta-
tion. Typically, functional recovery peaks at 3 
months after TKA and at 6 months after UKA. 
The MI tasks in this study were designed to pro-

Figure 2. Comparison of pre-treatment and post-treatment (6 months) knee imaging. A: Preoperative anteroposte-
rior radiograph of Case 1; B: Preoperative lateral radiograph of Case 1; C: Postoperative anteroposterior radiograph 
of Case 1 (6 months); D: Postoperative lateral radiograph of Case 1 (6 months); E: Preoperative anteroposterior 
radiograph of Case2; F: Preoperative lateral radiograph of Case 2; G: Postoperative anteroposterior radiograph of 
Case 2 (6 months); H: Postoperative lateral radiograph of Case 2 (6 months).
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mote functional activity without increasing 
physical training intensity [34-38].

TUGT is a reliable, quantitative measure of 
functional activity, particularly in elderly pati- 
ents. Our findings, along with multiple studies 
[39-42], confirm that MI enhances functional 
recovery post-UKA. The OKS, a patient-report-
ed outcome used for TKA assessment [12], 
also showed significant reduction with MI inter-
vention in this study. Our longitudinal design-
featuring 1-, 6-, and 12-month follow-ups - 
extends previous research [28] and demon-
strates the sustained benefits of MI in UKA 
patients. Furthermore, our MI protocol incorpo-
rated audiovisual guidance, differing from tradi-
tional mental rehearsal methods, and this may 
improve patient adherence and cortical engage-
ment [29].

Despite these promising findings, this study 
had limitations, including a small sample size 
and a reliance on semi-quantitative assess-
ment tools. Future studies should incorporate 
objective measures such as gait analysis, 
assess MI capability during patient selection, 
and extend follow-up to evaluate long-term 
effects.

In conclusion, adding MI to early postoperative 
rehabilitation in UKA patients can significantly 
improve knee function without increasing train-
ing intensity, making it a promising clinical 
adjunct. However, no significant improvement 
was observed in imaging data, possibly due to 
limitations in the imaging assessment methods 
used.
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