SUPPLEMENTARY MATERIAL
Full search string
Pubmed/Cochrane search
("ankle fracture*" OR "fractured ankle" OR "malleolar fracture" OR "lateral malleolar fracture" OR "medial malleolar fracture" OR "posterior malleolar fracture" OR unimalleolar OR bimalleolar OR trimalleolar OR "distal fibula fracture" OR "distal tibia fracture" OR "ankle injury with fracture" OR   weber*) AND ( fixation OR "operative treatment" OR "open reduction internal fixation" OR ORIF) AND ("weight-bearing" OR "early weight-bear*" OR "immediate weight-bear*" OR "early mobilisation" OR "early mobilization" OR "functional weight-bear*" OR "unprotected weight-bear*") AND ("non-weight-bear*" OR "nonweightbear*" OR "delayed weight-bear*" OR "prolonged non-weight-bear*" OR NWB OR immobilization OR immobilisation)
Embase search
(ankle fracture/ or ankle fracture* or fractured ankle or malleolar fracture* or lateral malleolar fracture* or medial malleolar fracture* or posterior malleolar fracture* or unimalleolar or bimalleolar or trimalleolar or distal fibula fracture* or distal tibia fracture* or ankle injur* with fracture* or weber*)
(surgical fixation or operative treatment or open reduction internal fixation or ORIF or "open reduction (procedure)"/)
(weight-bearing or early weight-bear* or immediate weight-bear* or early mobili?ation or functional weight-bear* or unprotected weight-bear*)
(non-weight-bear* or nonweightbear* or non-weight bear or delayed weight-bear* or prolonged non-weight-bear* or NWB or immobili?ation)
Risk of Bias Assessment 
[bookmark: _2st7rfcxuz8o][image: ]
Supplementary Figure 1. Risk of Bias Assessment for Randomized Controlled Trials Using the Cochrane RoB 2 Tool
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Supplementary Figure 2. Risk of Bias Assessment for Non-Randomized Studies Using the ROBINS-I Tool
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Supplementary Figure 3. Funnel plot evaluating potential publication bias for studies reporting 12-week functional outcomes. The 12-week funnel plot appeared broadly symmetric, with smaller studies more dispersed and larger studies clustered near the pooled effect; however, interpretation is limited by the small number of included studies.






Forrest Plots - Exploratory Outcomes (Supplementary Material) 
Subgroup Analysis at 12 Weeks 
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Supplementary Figure 4. Subgroup Analysis at 12 Weeks - Immobilisation Device
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Supplementary Figure 5. Subgroup Analysis at 12 Weeks - POD Weightbearing initiation & Sensitivity Analysis
Functional Recovery at 6 Weeks Post-Surgery
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Supplementary Figure 6. Functional Recovery at 6 Weeks Post-Surgery
Functional Recovery at 6 Months Post-Surgery
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Supplementary Figure 7. Functional Recovery at 6 Months Post-Surgery


Return to Work/Normal daily activities After Ankle Fracture Surgery
[image: ]
Supplementary Figure 8. Return to Work/Normal Daily Activities After Ankle Fracture Surgery 

Health-Related Quality of Life (HRQoL) 
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Supplementary Figure 9. Health-Related Quality of Life (HRQoL) 
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Supplementary Figure 10. Post-operative Complications (design stratified analysis)


Table S1. Radiographic follow-up schedules and definitions of loss of reduction in included studies (attached separately) 
	Study (Author, Year)
	Design
	Radiographic follow-up schedule
	Definition of loss of reduction (and related)
	Reported events related to displacement/union

	Simanski, 2006
	Prospective cohort
	1, 3, 6 weeks; >12 months (AP/mortise, lateral)
	NR (healing/alignment assessed by two blinded physicians)
	Nonunion: 1 (DWB)

	Dehghan, 2016
	RCT
	2, 6, 12 weeks; 3, 6, 12 months
	>2 mm change vs prior films
	None

	Schubert, 2020
	RCT
	2, 6, 12, 26 weeks
	Not reported
	None

	Passias, 2020
	Retrospective cohort
	3, 6, 12 weeks; 6 months; 1 year (mortise focus)
	Not explicitly defined; alignment via medial clear space (normal <5 mm). Hardware loosening = lucency/back-out. Union = bridging callus at 3/4 cortices or disappearance of fracture lines; nonunion = absence of healing by 6 months
	Nonunion: 2 (DWB)

	Smeeing, 2020
	RCT
	6 weeks; 12 weeks; 6 months; 1 year
	Not reported
	None

	Park, 2021
	RCT
	4, 6, 8, 12 weeks; 12 months
	Loss of reduction = >2-mm displacement of the initial reduction (events counted only if not due to inappropriate activity). Implant failure = breakage or backing-out of screws/K-wires
	None

	Lee, 2022
	Retrospective matched cohort
	2 weeks; 3, 6, 12 months (AP, lateral, mortise)
	>2 mm vs immediate post-op in ≥2/3 planes (AP/lateral/mortise) at 3 & 12 months; union = bridging trabeculae/osseous bone in ≥2/3 planes
	None

	Herbosa, 2024
	Prospective case–control
	2 weeks; 3, 6, 12 months
	Not reported
	Malunion: 1 (DWB)



Results and sensitivity analysis (leave-one-out method)
Functional Recovery at 6 Weeks Post-Surgery -  Sensitivity analysis confirmed heterogeneity remaining below 38% across exclusions. 
Functional Recovery at 12 Weeks Post-Surgery - Sensitivity analysis confirmed heterogeneity remained at 0% across exclusions 
Functional Recovery at 6 Months Post-Surgery - Sensitivity analysis was 0% across exclusions
Functional Recovery at 12 months Post-Surgery  - Sensitivity analysis remained under 2% across exclusions. 
Return to Work/Normal daily activities After Ankle Fracture Surgery - Sensitivity analyses demonstrated 51% heterogeneity across all exclusions. 
Post-operative Complications -  Sensitivity analysis confirmed heterogeneity remaining below 10% across exclusions. 
HRQoL - Sensitivity analyses confirmed heterogeneity remaining below 0% across exclusions. 
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Early Weight-Bearing Delayed Weight-Bearing

Std. mean difference

Std. mean difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.15.1 EWB Initiated POD 0-3

Smeeing 2020 72.2 19.4 42 67.9 19.8 18 8.1% 0.22 [-0.34, 0.77]

Lee 2022 72.3 125 50 70.2 12.4 50 16.1% 0.17 [-0.23 , 0.56]

Subtotal (Wald?) 92 68 24.1% 0.18 [-0.14 , 0.50]

Test for overall effect: Z=1.13 (P = 0.26)

Heterogeneity: Tau? (REML®) = 0.00; Chi? = 0.02, df = 1 (P = 0.89); I>= 0%

1.15.2 EWB Initiated POD 10-21

Dehghan 2016 62 16.7 49 56 14.59 51 15.8% 0.38 [-0.02, 0.78]

Smeeing 2020 68.6 14.6 36 67.9 19.8 19 8.0% 0.04 [-0.51, 0.60]

Schubert 2020 65 18 24 66 19 24 7.7% -0.05[-0.62, 0.51]

Park 2021 72.8 1 95 70.1 11.5 90 29.6% 0.24 [-0.05, 0.53]

Herbosa 2024 67.39 227 44 60.18 21.91 49 14.7% 0.32[-0.09, 0.73]

Subtotal (Wald?) 248 233  75.9% 0.23 [0.05, 0.41] ‘

Test for overall effect: Z = 2.54 (P = 0.01)

Heterogeneity: Tau? (REML®) = 0.00; Chi? = 2.15, df =4 (P = 0.71); I? = 0%

Total (Wald?) 340 301 100.0% 0.22 [0.06 , 0.38] ‘

Test for overall effect: Z = 2.76 (P = 0.006) o5 0 o5

Test for subgroup differences: Chi? = 0.07, df =1 (P = 0.79), I? = 0%
Heterogeneity: Tau? (REML?®) = 0.00; Chi? = 2.24, df = 6 (P = 0.90); 1= 0%

Footnotes
aCl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.
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Early Weight-Bearing  Delayed Weight-Bearing

Std. mean difference

Std. mean difference

Risk of Bias

Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDETFG
1.15.1 EWB Initiated POD 0-3

v Smeeing 2020 72.2 19.4 42 67.9 19.8 18 9.6% 0.22[-0.34,0.77] —_—

% Lee 2022 723 125 50 70.2 124 50 0.0% 0.17 [-0.23 , 0.56]

Subtotal 42 18 9.6% 0.22[-0.34,0.77] ’

Test for overall effect: Z = 0.77 (P = 0.44)

Heterogeneity: Not applicable

1.15.2 EWB Initiated POD 10-21

v Dehghan 2016 62 16.7 49 56 14.59 51 18.8% 0.38[-0.02, 0.78] ——

v Smeeing 2020 68.6 14.6 36 67.9 19.8 19 9.5% 0.04[-0.51, 0.60] —_—

v Schubert 2020 65 18 24 66 19 24 9.2% -0.05[-0.62, 0.51] —_—

v Park 2021 728 1" 95 701 15 90 352% 0.24 [-0.05, 0.53] -

v Herbosa 2024 67.39 227 44 60.18 21.91 49 176% 0.32[-0.09, 0.73] T
Subtotal (Wald?) 248 233 90.4% 0.23 [0.05, 0.41] <&

Test for overall effect: Z =2.54 (P = 0.01)

Heterogeneity: Tau? (REML?) = 0.00; Chi? = 2.15, df = 4 (P = 0.71); I = 0%

Total (Wald?) 290 251 100.0% 0.23[0.06 , 0.40] <&

Test for overall effect: Z = 2.65 (P = 0.008) 35 Y]

Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.96), I> = 0% Favours DWB Favours EWB

Heterogeneity: Tau? (REML®) = 0.00; Chiz = 2.15, df = 5 (P = 0.83); I*= 0%

Footnotes
*Cl calculated by Wald-type method.
*Tau? calculated by Restricted Maximum-Likelihood method.

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Early Weight-Bearing

Delayed Weight-Bearing

Std. mean difference

Std. mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.16.1 Observational Studies

Herbosa 2024 54  20.75 52 38.18 19.43 55  19.7% 0.78[0.39, 1.18] —_——
Subtotal 52 55 19.7% 0.78 [0.39, 1.18] ’
Test for overall effect: Z = 3.89 (P < 0.0001)

Heterogeneity: Not applicable

1.16.2 RCTs

Dehghan 2016 45 1742 56 32 15.38 54 20.1% 0.78[0.40, 1.17] _
Schubert 2020 36 19 24 27 13 24  10.5% 0.54 [-0.03 , 1.12] —
Smeeing 2020 56.89 19.54 78 45.8 224 37 19.4% 0.54[0.14 , 0.94] —_—
Park 2021 47 12,5 95 43.3 7.8 90 30.2% 0.35[0.06 , 0.64] —
Subtotal (Wald?) 253 205 80.3% 0.53 [0.31, 0.74] <o
Test for overall effect: Z=4.79 (P < 0.00001)

Heterogeneity: Tau? (REML) = 0.01; Chi? = 3.09, df = 3 (P = 0.38); I? = 19%

Total (Wald?) 305 260 100.0% 0.58 [0.38 , 0.78] ’

Test for overall effect: Z =5.68 (P < 0.00001)
Test for subgroup differences: Chiz = 1.23, df =1 (P = 0.27), I? = 18.5%
Heterogeneity: Tau? (REML®) = 0.01; Chi? = 4.49, df = 4 (P = 0.34); I? = 24%

Footnotes
aCl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.
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Early Weight-Bearing Delayed Weight-Bearing

Study or Subgroup  Mean SD Total Mean SD

1.10.1 Observational Studies

Herbosa 2024 76.79  22.11 29 77.69 20.19
Subtotal 29

Test for overall effect: Z=0.17 (P = 0.86)

Heterogeneity: Not applicable

1.10.2 RCTs

Dehghan 2016 77 18.11 46 73 1872
Schubert 2020 84 16 24 81 17
Smeeing 2020 85.73  17.06 78 80.9 18
Subtotal (Wald?) 148

Test for overall effect: Z = 1.80 (P = 0.07)
Heterogeneity: Tau? (REMLP®) = 0.00; Chi? = 0.09, df = 2 (P = 0.96); I = 0%

Total (Wald?) 177

Test for overall effect: Z=1.51 (P = 0.13)
Test for subgroup differences: Chiz = 0.99, df = 1 (P = 0.32), I>=0%
Heterogeneity: Tau? (REMLP) = 0.00; Chi? = 1.08, df = 3 (P = 0.78); I?= 0%

Footnotes
aCl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.
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Delayed Weight-Bearing

Mean difference

Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Observational Studies

Simanski 2006 64.4 38.5 23 75.6 49 23 6.3% -11.20[-36.67 , 14.27]
Lee 2022 42.7 2753 50 58.1 35.7 50 19.6% -15.40[-27.90, -2.90]
Subtotal (Wald?) 73 73 26.0% -14.59 [-25.80, -3.37]
Test for overall effect: Z = 2.55 (P = 0.01)

Heterogeneity: Tau? (REML®) = 0.00; Chi? = 0.08, df = 1 (P =0.77); I?= 0%

1.3.2RCTs

Dehghan 2016 51.2 27.5 47 47.8 35.7 43  18.1% 3.40[-9.85, 16.65]
Smeeing 2020 34 29.2 73 49 371 32 16.0% -15.00[-29.49,-0.51]
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Test for overall effect: Z=1.65 (P = 0.10)

Heterogeneity: Tau? (REML®) = 56.28; Chi? = 5.38, df = 2 (P = 0.07); I = 64%

Total (Wald?) 288 238 100.0% -10.82[-17.61, -4.04]

Test for overall effect: Z = 3.12 (P = 0.002)

Test for subgroup differences: Chi? = 0.51, df =1 (P = 0.47), 2= 0%
Heterogeneity: Tau? (REML®) = 20.49; Chi? = 5.79, df = 4 (P = 0.22); I = 35%

Footnotes
aCl calculated by Wald-type method.

bTau? calculated by Restricted Maximum-Likelihood method.
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Early Weight-Bearing Delayed Weight-Bearing

Std. mean difference

Std. mean difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 Observational Studies

Lee 2022 75.2 24.5 50 744 23 50 22.9% 0.03 [-0.36 , 0.43]
Herbosa 2024 67.39 22.2 44 60.18 21.9 49  20.9% 0.32[-0.09, 0.73]
Subtotal (Wald?) 94 99 43.8% 0.17 [-0.11, 0.46]
Test for overall effect: Z=1.19 (P = 0.24)

Heterogeneity: Tau? (REML®) = 0.00; Chi?=1.01,df =1 (P =0.31); = 1%

1.5.2 RCTs

Dehghan 2016 66 10 49 64 10 51 22.8% 0.20[-0.19, 0.59]
Schubert 2020 78.3 12.4 24 71.9 14.7 23  10.4% 0.46 [-0.12, 1.04]
Smeeing 2020 76.2 20.2 78 74.9 22.8 37 23.0% 0.06 [-0.33 , 0.45]
Subtotal (Wald?) 151 111 56.2% 0.19 [-0.06 , 0.44]
Test for overall effect: Z = 1.50 (P = 0.13)

Heterogeneity: Tau? (REML®) = 0.00; Chi? = 1.27, df = 2 (P = 0.53); I = 0%

Total (Wald?) 245 210 100.0% 0.18 [-0.00, 0.37]

Test for overall effect: Z = 1.92 (P = 0.06)
Test for subgroup differences: Chiz = 0.01, df =1 (P = 0.92), I? = 0%
Heterogeneity: Tau? (REML®) = 0.00; Chi? = 2.29, df = 4 (P = 0.68); I = 0%

Footnotes
aCl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.
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Early Weight-Bearing Delayed Weight-Bearing
Study or Subgroup Events Total Events Total

Risk ratio

Weight 1V, Random, 95% CI

Risk ratio
IV, Random, 95% CI

1.17.1 Observational Studies

Simanski 2006 2 23 4 23
Passias 2020 6 38 5 57
Lee 2022 6 50 10 50
Herbosa 2024 10 52 10 52
Subtotal (Wald?) 163 182
Total events: 24 29

Test for overall effect: Z=0.38 (P = 0.70)
Heterogeneity: Tau? (REMLP) = 0.00; Chi? = 2.80, df = 3 (P = 0.42); I = 0%

1.17.2 RCTs

Dehghan 2016 8 50 14 52
Schubert 2020 4 25 1 25
Smeeing 2020 4 78 5 37
Park 2021 1 95 2 90
Subtotal (Wald?) 248 204
Total events: 17 22

Test for overall effect: Z=1.55 (P = 0.12)
Heterogeneity: Tau? (REMLP) = 0.00; Chi? = 3.62, df = 3 (P = 0.31); = 0%

Total (Wald?) 411 386
Total events: 41 51

Test for overall effect: Z = 1.28 (P = 0.20)

Test for subgroup differences: Chi? = 0.92, df =1 (P = 0.34), I? = 0%
Heterogeneity: Tau? (REMLP) = 0.00; Chi? = 7.34, df =7 (P = 0.39); I = 0%

Footnotes
aCl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.
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Early Weight-Bearing
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Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.13.1 CAM Boot

Dehghan 2016 62 16.7 49 56 14.59 51 15.8% 0.38[-0.02, 0.78] I
Schubert 2020 65 18 24 66 19 24 7.7% -0.05[-0.62, 0.51] —_—
Herbosa 2024 67.39 22.7 44 60.18 21.91 49  14.7% 0.32[-0.09, 0.73] -—
Subtotal (Wald?) 117 124 38.3% 0.27 [0.02, 0.52] ‘
Test for overall effect: Z = 2.08 (P = 0.04)

Heterogeneity: Tau? (REML®) = 0.00; Chi? = 1.61, df = 2 (P = 0.45); I = 0%

1.13.2 Brace (Aircast, Walking Brace)

Park 2021 72.8 11 95 70.1 1.5 90 29.6% 0.24 [-0.05, 0.53] -
Lee 2022 72.3 12.5 50 70.2 12.4 50 16.0% 0.17 [-0.23, 0.56] — -
Subtotal (Wald?) 145 140 45.6% 0.21 [-0.02, 0.45] ‘
Test for overall effect: Z = 1.80 (P = 0.07)

Heterogeneity: Tau? (REML®) = 0.00; Chi? = 0.08, df =1 (P = 0.77); I = 0%

1.13.3 Cast/Splint

Smeeing 2020 68.6 14.6 36 67.9 19.8 18 7.7% 0.04 [-0.52, 0.61] _
Subtotal 36 18 7.7% 0.04 [-0.52, 0.61] ’
Test for overall effect: Z = 0.14 (P = 0.88)

Heterogeneity: Not applicable

1.13.4 Unprotected

Smeeing 2020 722 19.4 42 67.9 19.8 19 8.4% 0.22[-0.33, 0.76] _
Subtotal 42 19 8.4% 0.22 [-0.33, 0.76] ’
Test for overall effect: Z=0.78 (P = 0.43)

Heterogeneity: Not applicable

Total (Wald?) 340 301 100.0% 0.22 [0.06, 0.38] ’
Test for overall effect: Z = 2.77 (P = 0.006) 05 0 o5 |

Test for subgroup differences: Chi? = 0.53, df = 3 (P = 0.91), = 0%
Heterogeneity: Tau? (REMLP) = 0.00; Chi? = 2.22, df = 6 (P = 0.90); I = 0%

Footnotes
aCl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.
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