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Early gait improvement but persistent knee extension deficit after medial
unicompartmental knee arthroplasty assisted by 3D-printed patient-specific

instrumentation: an observational self-controlled study
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[Abstract] Objective Medial unicompartmental knee arthroplasty (UKA) is an effective knee-
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preserving procedure for medial compartment knee osteoarthritis. Procedures assisted by 3D-printed patient-
specific instrumentation (PSI) can improve the accuracy of prosthesis positioning. However, objective
quantitative evidence regarding postoperative functional recovery remains insufficient, and few studies have
included comparisons with normal populations. This study aims to evaluate the early postoperative recovery
pattern of sagittal knee kinematics following PSl-assisted medial UKA via 3D gait analysis, and to identify
specific manifestations of postoperative gait abnormalities. Methods An observational self-controlled
(affected vs contralateral limb) study design was adopted. Twenty-four patients (25 knees) who underwent 3D-
printed PSl-assisted medial UKA in Department of Trauma and Joint Surgery of First Affiliated Hospital of
Army Medical University between November 2024 and May 2025 were enrolled as the observation group, and
15 asymptomatic contralateral knees were selected as the control group. The hip-knee-ankle (HKA) angle,
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score, and sagittal knee kinematic
parameters were collected preoperatively and at 3 months postoperatively. Intragroup comparisons
(preoperative vs postoperative data within the observation group) and intergroup comparisons (preoperative and
postoperative data of the observation group vs the control group) were performed. Results The patients in
the observation group were followed up for 2.90 to 6. 73 (4. 15£1. 12) months. Regarding functional scores
and radiographic outcomes: postoperative WOMAC score (0. 92+1. 44 vs 12. 76+3. 94), stiffness score (0. 88+
1.09 wvs 2.84+2.34), and function score (2.72+3.02 wvs 47.80+12.08) in the observation group were
significantly improved compared with preoperative values (all P<0. 001). The postoperative HKA angle in the
observation group was significantly larger than the preoperative value [(177. 14+2. 48) vs (171. 44+4. 21)°, P<
0. 001], with obvious correction of varus deformity, but there was no significant difference in the angle between
the postoperative HKA angle and the control group [(177. 02+3. 11)°]. In gait analysis: the peak knee flexion
angle during swing phase was significantly increased postoperatively compared with preoperatively [(60. 51+
5.20) vs (47. 13+12. 68)°, P<0. 001], and the proportion of loading response phase was decreased significantly
(10. 36%+3.32% wvs 15. 84%=11.43%, P=0.029), both recovering to the levels of the control group.
However, significant differences were observed between postoperative patients and the control group in term of
the minimum knee flexion angle during stance phase [(10. 63+5. 85) vs (6. 14+5. 04)°, P=0. 018], minimum
knee flexion angle during swing phase [(7.62+5.28) vs (3. 26+5.24)", P=0. 015], and knee flexion range
during loading response [(6. 84+3.03) vs (9. 75+2. 89)", P=0.005], which suggested that knee extension
function had not been fully restored. No statistically significant differences were found in the remaining gait
parameters. Conclusion

present significant improvement in the loading response phase proportion and the maximum knee flexion angle

In the early postoperative period after 3D-printed PSl-assisted UKA, the patients

during swing phase. However, incomplete knee extension persists during gait relative to the control group, as
evidenced by increased minimum knee flexion angles during both stance and swing phases.
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A: Femoral intramedullary; B: Tibial osteotomy
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Figure 1 Preoperative design and intraoperative application of patient-specific instrumentation (PSI)
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Table 1 Comparison of baseline characteristics between the control group and the observation group (x+s)

Group Agelyears Height/cm Weight/kg BMI/(kg/m®)
Control group(n=15) 64. 53+6. 80 155. 73+5. 62 63.87+14. 62 26. 17+4. 90
Observation group(n=25) 62. 60+5. 58 155. 16+6. 26 66. 10+10. 53 27.36+3. 15
‘ 0.977 0.291 -0. 560 -0.932
P 0.335 0.773 0.579 0.357

BMI: body mass index

K2 MBAEEFARFFTWOMACITES K HKA FELE (n=25,%+s)

Table 2 Comparison of preoperative and postoperative WOMAC scores and HKA angles in the observation group (n=25,x+s)

WOMAC score

Group HKA angle/®
Pain Stiffness Function
Observation group, preop. 12.76+3. 94 2.84+2.34 47.80+12. 08 171.44+4. 21
Observation group, postop. 0.92+1. 44 0. 88+1.09 2.72+3.02 177. 14+2. 48
¢ 13. 164 4.478 17.275 -8.779
P <0. 001 <0. 001 <0. 001 <0. 001

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; HKA : hip-knee-ankle; preop. : preoperative;

postop: postoperative

&3 MRASURBRIS SEBIET L Goxs)

Table 3 Comparison of preoperative gait data between the control group and the observation group (i+s)

Knee angle at Peak knee Min knee Peak knee Min knee flexion- Flexion range-
Group . . R . . . LR phase/%
1C/ flexion-Stance/" flexion-Stance/” flexion-Swing/ Swing/ LR/
Control group(n=15) 6. 13+6. 07 15. 88+6. 20 6. 14+5. 04 58.55+5. 87 3.26+5.24 9.75+2.89 10.67+1. 84
Observation group, preop. (n=25) 7. 81+9. 83 14.12+£10.89  7.81x10.25  47.13+12.68 8. 63+7.98 6.31+8.34 15.84+11.43
t -0.595 0. 649 -0. 688 3.863 -2.569 1.534 -2.216
P 0. 555 0.520 0. 496 <0. 001 0.014 0.133 0.036

IC: initial contact; LR : loading response; preop. : preoperative; postop. : postoperative
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axis of tibia

A': Preoperative radiographic data and hip-knee-ankle angle measurement; B: Postoperative radiographs and HKA angle measurement
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Figure 2 Comparison of radiographic data before and after surgery in the observation group
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Table 4 Comparison of preoperative and postoperative gait data in the observation group (n=25,x+s)

Group Knee angle at IC/° .
flexion-Stance/

Stance/’

Peak knee Min knee flexion- Peak knee Min knee Flexion range-

. , . LR phase/%
flexion-Swing/"  flexion-Swing/ LR/

Observation group, preop. 7.81+9. 83 14.24+10. 89 7.81+10. 25 47.13+12. 68 8.63+7.98 6.31+8. 34 15. 84+11.43

Observation group, postop. 9. 16+5. 28 15.99+5. 70 10. 63+5. 85 60. 51+5. 20 7.62+5.28 6.84+3.03 10. 36+3. 32

t -0. 693 -0. 906 -1.579 5.778 0. 640 -0. 308 2.322
P 0. 495 0.374 0.127 <0. 001 0.529 0.761 0. 029
IC: initial contact; LR : loading response; preop. : preoperative; postop. : postoperative.
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Figure 3 Sagittal plane of the knee joint mean curve of

motion
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Table 5 Comparison of postoperative gait data between the control group and the observation group (x+s)

Knee angle at Peak knee Min knee Peak knee Min knee Flexion range-
Group . R . R . . LR phase/%
1C/ flexion-Stance/” flexion-Stance/" flexion-Swing/~ flexion-Swing/ LR/
Control group(n=15) 6. 13+6.07 15. 88+6. 20 6. 14+5. 04 58.55+5.87 3.26+5.24 9.75+2.89 10. 67+1. 84
Observation group, postop. (n=25) 9. 16+5. 28 15.99+5.70 10. 63+5.85  60.51+5.20 7.62+5.28 6.84+3.03 10. 36+3. 32
t -1. 660 -0. 061 -2.468 -1.101 -2.539 2.990 0. 328
P 0. 105 0.952 0.018 0.278 0.015 0. 005 0.745

IC: initial contact; LR: loading response; preop. : preoperative; postop. : postoperative
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