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Abstract: Objectives: To evaluate whether postoperative radiographic and functional outcomes in ankle fractures 
with syndesmotic injury are associated with a CT-based grading system based on fibular rotation (FR) and sagittal 
shift distance (SSD), and to assess the influence of surgical timing and patient-related factors on prognosis. Meth-
ods: This retrospective cohort study included 370 patients with ankle fractures and syndesmotic injury treated with 
open reduction and internal fixation between June 2021 and September 2024. Based on preoperative CT measure-
ments, patients were classified into three groups: Group A (FR < 5° and SSD < 2 mm), Group B (5° ≤ FR ≤ 10° or 
2 mm ≤ SSD ≤ 5 mm), and Group C (FR > 10° or SSD > 5 mm). Radiographic reduction quality, loss of reduction at 
6 months, functional outcomes (SF-36, AOFAS, VAS, ankle range of motion), complications, and reoperations were 
compared. Inverse probability of treatment weighting and propensity score matching were applied. Multivariate 
logistic regression was used to identify independent predictors of poor prognosis (final AOFAS < 80), and interaction 
analyses were performed. Results: Patients with high-grade syndesmotic malalignment (Group C) had significantly 
poorer radiographic reduction, higher rates of loss of reduction, complications, and reoperation, and inferior func-
tional outcomes compared to Groups A and B (all P < 0.001). Multivariate analysis identified older age, surgical 
delay, diabetes, higher body mass index, Weber C fracture, posterior malleolar fracture, and loss of reduction at 6 
months as independent risk factors for poor prognosis. A significant interaction was observed between syndesmotic 
injury grade and surgical delay. Conclusions: CT-based FR/SSD grading is useful for identifying high-risk syndes-
motic malalignment in ankle fracture. Postoperative outcomes are primarily influenced by patient characteristics, 
fracture pattern, surgical timing, and maintenance of reduction, underscoring the importance of timely surgery and 
stable syndesmotic reduction, particularly for more severe injuries.
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Introduction

Syndesmotic injury is one of the most impor-
tant complicating factors in ankle fractures  
and plays a critical role in maintaining ankle 
mortise alignment, load transmission, and nor-
mal joint range of motion [1]. Once the distal 
tibiofibular syndesmosis becomes unstable  
or is inadequately reduced, joint contact  
stress increases markedly, which may subse-
quently lead to persistent pain and post- 
traumatic ankle arthritis, as highlighted in a 
review by Chi et al. [2]. Recent prospective 

studies have reported that approximately  
18% of ankle sprains and 23% of ankle frac-
tures are associated with distal tibiofibular  
syndesmotic instability, suggesting that the 
incidence of syndesmotic injury in ankle trau- 
ma is substantially higher than traditionally 
appreciated [3]. Systematic reviews further 
indicate that syndesmotic involvement occurs 
in approximately 10%-20% of ankle fractures, 
and that failure to recognize or adequately 
reduce such injuries is associated with signifi-
cantly impaired long-term functional outcomes 
[4].

http://www.ajtr.org
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In current clinical practice, radiographic grad-
ing and intraoperative assessment remain the 
primary methods for evaluating the extent and 
stability of syndesmotic injury. Previous studies 
have demonstrated that syndesmotic widen- 
ing, fibular rotational malalignment, or sagittal 
plane displacement - even after internal fixa-
tion - are frequently associated with limping, 
restricted weight bearing, and early develop-
ment of post-traumatic osteoarthritis [5]. Vohra 
et al. [6] emphasized that subtle malalignment 
is often underestimated on conventional radio-
graphs, whereas computed tomography (CT) or 
three-dimensional imaging allows more sensi-
tive detection of rotational and sagittal abnor-
malities, which have been shown to correlate 
closely with deterioration in functional outcome 
measures such as the American Orthopaedic 
Foot and Ankle Society (AOFAS) score [7]. 
However, the quantitative relationship between 
different grades of syndesmotic injury and 
postoperative prognosis remains incompletely 
understood. Most existing studies dichotomize 
patients based on the presence or absence of 
syndesmotic injury or rely on simple imaging 
thresholds, which may fail to capture the  
combined severity of rotational and sagittal 
displacement.

Beyond injury characteristics, patient-specific 
factors and perioperative management also 
exert a substantial influence on postoperative 
outcome. Increasing age is associated with 
osteoporosis and reduced soft-tissue healing 
capacity, and has been linked to poorer func-
tional recovery and a higher risk of joint stiff-
ness following ankle fracture surgery [8]. 
Naumann et al. [9] reported that surgical delay 
was associated with prolonged hospitalization, 
increased complication rates, and lower func-
tional scores at mid- to long-term follow-up, 
suggesting a potential time-dependent effect 
of surgical timing on prognosis. In patients with 
diabetes, meta-analytic evidence indicates 
that the overall complication rate after ankle 
fracture is approximately twice that of non-dia-
betic patients, with significantly higher risks of 
infection, nonunion, and even amputation [10]. 
These findings suggest that metabolic comor-
bidities may amplify the adverse prognostic 
effect of injury severity by impairing microcircu-
lation and bone healing. Clinically, considerable 
heterogeneity is often observed among patients 
with similar syndesmotic injuries treated with 

comparable fixation methods, particularly with 
respect to pain relief, restoration of ankle 
motion, and time to return to work, indicating 
that prognosis cannot be adequately explained 
by a single risk factor or a simplistic grading 
system.

Based on these considerations, the present 
study proposes a three-tier (A/B/C) syndesmot-
ic injury grading system based on fibular rota-
tion (FR) and sagittal shift distance (SSD). We 
aimed to compare systematically the radio-
graphic reduction quality and mid-term func-
tional outcomes across different injury grades, 
and to explore interaction and potential media-
tion effects involving age, surgical delay, and 
diabetes. Through this approach, we sought to 
provide more refined evidence to support indi-
vidualized surgical timing decisions and prog-
nostic assessment in patients with ankle frac-
ture complicated by syndesmotic injury.

Materials and methods

Study design and sample size estimation

This was a single-center retrospective cohort 
study. A total of 370 patients with ankle frac-
tures and syndesmotic injury who received 
internal fixation at our institution between June 
2021 and September 2024 were enrolled. 
Sample size estimation was based on previous 
research on unstable syndesmotic injury asso-
ciated with ankle fractures. Lee et al. [11] 
reported in a prospective study that unstable 
syndesmotic injury occurred in approximately 
28.6% (20/70) of ankle fracture patients. Using 
an expected incidence of P = 0.29, a two- 
sided significance level of α = 0.05, a critical 
value of Z0.975 = 1.96, and a margin of error  
E = 0.05, the formula N = Z2 × [P × (1-P)]/E2 
yielded a minimum required sample size of 
approximately 314 cases. The final enrollment 
of 370 patients met this requirement. In acc- 
ordance with the Declaration of Helsinki [12], 
the Gansu Province Hospital OF TCM ethics 
committee approved the study protocol. Due to 
the retrospective nature of the study, informed 
consent was waived or simplified.

Inclusion and exclusion criteria

Inclusion criteria were: (1) age of 18 years or 
above; (2) first instance of traumatic ankle frac-
ture with demonstrated syndesmotic injury on 
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imaging; (3) received open reduction and inter-
nal fixation (ORIF) with preoperative ankle CT; 
and (4) postoperative follow-up duration of 6 
months or longer along with complete clinical 
and radiographic data.

Exclusion criteria were: (1) pathological frac-
tures or Gustilo type III open fractures; (2) previ-
ous ankle surgery or severe pre-existing ankle 
deformity or arthritis; (3) severe polytrauma 
requiring staged surgery or systemic conditions 
precluding standard rehabilitation; and (4) 
incomplete imaging data or CT image quality 
insufficient for precise measurement.

Diagnosis of distal tibiofibular syndesmotic 
injury

In this study, distal tibiofibular syndesmotic 
injury was diagnosed based on a comprehen-
sive assessment combining preoperative imag-
ing findings and intraoperative evaluation when 
applicable. All enrolled patients underwent pre-
operative ankle computed tomography (CT), 
which was systematically reviewed for evidence 
of syndesmotic disruption, including abnormal 
fibular rotation, sagittal displacement of the 
fibula relative to the tibia, or widening of the  
distal tibiofibular relationship compared with 
established reference values or the contralat-
eral side. Patients demonstrating such imaging 
features were considered to have syndesmotic 
injury and were eligible for inclusion.

In cases where imaging findings were equivo-
cal, intraoperative assessment of syndesmotic 
stability (such as hook testing or external rota-
tion stress testing) was performed at the dis-
cretion of the operating surgeon to confirm 
instability. Final diagnosis was established by 
consensus between two experienced orthopae-
dic surgeons based on the overall clinical, 
radiographic, and intraoperative findings.

Grouping method

All enrolled patients underwent preoperative 
ankle CT. Based on the measured FR and sagit-
tal shift distance (SSD), patients were classi-
fied as follows: Group A (low-grade displace-
ment): FR < 5° and SSD < 2 mm (n = 142); 
Group B (moderate displacement): 5° ≤ FR ≤ 
10° or 2 mm ≤ SSD ≤ 5 mm (n = 153); Group C 
(high-grade displacement): FR > 10° or SSD > 
5 mm (n = 75). The degree of syndesmotic dis-

placement was determined based on two key 
CT-derived parameters: FR and SSD, which 
reflect rotational and anteroposterior malalign-
ment of the distal fibula relative to the tibia. 
These two components represent the principal 
planes of syndesmotic malreduction and have 
been shown to influence ankle mortise congru-
ency and functional outcome.

The threshold values used for grouping were 
selected according to previously reported imag-
ing-based criteria and commonly accepted  
clinical reference ranges. Minor FR (< 5°) and 
minimal sagittal displacement (< 2 mm) are 
generally considered to fall within physiological 
variation or acceptable reduction error, where-
as rotational deformity exceeding 10° or sagit-
tal displacement greater than 5 mm has been 
associated with clinically relevant syndesmotic 
malalignment and impaired ankle function. 
Intermediate values were therefore classified 
as moderate displacement to capture a transi-
tional severity range. This pragmatic classifica-
tion was designed to integrate both rotational 
and sagittal components of syndesmotic injury 
and to facilitate clinically meaningful stratifica-
tion of injury severity.

Clinical and radiographic data collection

The following data were extracted from the 
electronic medical record system and picture 
archiving and communication system (PACS): 
general information including sex, age, body 
mass index (BMI), smoking history, diabetes, 
and other comorbidities; injury-related data 
including injured side, time from injury to sur-
gery (days), and mechanism of injury (twisting, 
traffic accident, fall from height, sports injury, 
etc.); fracture characteristics including Weber 
classification (C = 1, B = 0), presence of poste-
rior malleolar fracture, medial structure injury, 
and posterior tibial marginal fracture; surgical 
and follow-up data including surgical proce-
dure, syndesmotic screw fixation status, post-
operative complications (such as wound com-
plications, implant-related complications, deep 
vein thrombosis), syndesmotic screw loosen-
ing, and loss of reduction at 6 months postop-
eratively; and radiographic parameters includ-
ing preoperative and postoperative tibiofibular 
clear space (TFCS), tibiofibular overlap (TFO), 
restoration of normal FR (yes = 1, no = 0), and 
syndesmotic injury grade (Group A, B, or C).



Syndesmotic injury grading and ankle fracture prognosis

7239	 Am J Transl Res 2026;18(8):7236-7258

Radiographic measurement methods

All patients underwent ankle radiography and 
CT both preoperatively and postoperatively.  
CT scanning was performed using a 64-slice 
spiral CT scanner (GE LightSpeed VCT, GE 
Healthcare, USA). Patients were positioned 
supine with the ankle in neutral position. 
Scanning parameters included tube voltage of 
120 kV, tube current of 200-250 mA (auto-
modulated), slice thickness of 0.625 mm, slice 
interval of 0.625 mm, rotation time of 0.5 s, 
matrix of 512 × 512, and field of view of 180-
220 mm. Bone window reconstruction and mul-
tiplanar reconstruction (MPR) were applied.

FR was measured on the axial plane approxi-
mately 10 mm proximal to the tibial articular 
surface. The precise level was determined 
using MPR. A tibial axis was drawn connecting 
the anterior and posterior margins of the tibia, 
and a fibular axis was drawn similarly. The angle 
between these two axes defined the FR, which 
was compared with the contralateral side to 
assess fibular internal or external rotation. SSD 
was measured on sagittal reconstructed imag-
es using the anterior tibial margin as a refer-
ence line to determine the anteroposterior dis-
placement of the fibula relative to the tibia. 
TFCS and TFO were measured at the level of 
the ankle mortise on anteroposterior radio-
graphs or corresponding CT slices using stan-
dard methods and compared with the contra-
lateral side.

To minimize measurement bias, all radiograph-
ic measurements were performed indepen-
dently by two trained orthopaedic surgeons 
under blinded conditions. When discrepancies 
exceeded 10%, a third senior surgeon reviewed 
the images and determined the final values.

Functional scoring and ankle range of motion 
assessment

At the final follow-up, health-related quality of 
life was assessed using the Short Form-36 
Health Survey (SF-36), a validated generic 
questionnaire consisting of 36 items covering 
eight domains of physical and mental health. 
The total SF-36 score ranges from 0 to 100, 
with higher scores indicating better overall 
health status and functional well-being. Pain 
intensity was evaluated using the visual ana-
logue scale (VAS), which ranges from 0 to 10, 

where 0 represents no pain and 10 represents 
the worst pain imaginable. For both instru-
ments, assessments were completed by pa- 
tients at follow-up visits under standardized 
conditions. Ankle range of motion was assess- 
ed by measuring dorsiflexion and plantarflexion 
angles using a standard handheld goniometer. 
Measurements were performed with the pa- 
tient in the supine position, with the knee in a 
neutral or slightly flexed position to minimize 
the influence of the gastrocnemius muscle. The 
axis of the goniometer was aligned with the lat-
eral malleolus, the stationary arm aligned with 
the fibular shaft, and the moving arm aligned 
with the lateral border of the foot. Patients were 
instructed to actively perform maximal dorsi-
flexion and plantarflexion, and each measure-
ment was repeated three times. The mean 
value was used for final analysis (Figure S1).

Outcome measures

Primary outcomes included: (1) postoperative 
and follow-up syndesmotic radiographic align-
ment, including postoperative TFCS and TFO 
values and their differences from the contralat-
eral side, and whether FR was restored to nor-
mal; (2) occurrence of loss of reduction at 6 
months postoperatively; and (3) classification 
of patients into good prognosis and poor prog-
nosis groups based on whether the final 
American Orthopaedic Foot and Ankle Society 
(AOFAS) score (at ≥ 6 months) was ≥ 80 or < 80, 
to identify independent risk factors for poor 
outcome [13].

Secondary outcomes included: (1) SF-36 total 
score and VAS pain score at final follow-up; (2) 
ankle dorsiflexion and plantarflexion range of 
motion; and (3) overall complication rates, 
including wound complications, implant-related 
complications, deep vein thrombosis, and other 
recorded complications.

Statistical analysis

Statistical analyses were performed using R 
software version 4.5.1 (R Foundation for 
Statistical Computing, Vienna, Austria) and 
SPSS version 27.0 (IBM Corp., Armonk, NY, 
USA). First, continuous variables were tested 
for normality. Normally distributed data were 
expressed as mean ± standard deviation (mean 
± SD), with intergroup comparisons using one-
way analysis of variance or t-tests. Non-normally 
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distributed data were expressed as median 
(interquartile range), with intergroup compari-
sons using Kruskal-Wallis or Mann-Whitney U 
tests. Categorical variables were expressed as 
counts and percentages, with intergroup com-
parisons using chi-square tests or Fisher’s 
exact tests.

To reduce the influence of baseline confound-
ers on outcome comparisons among the FR/
SSD groups, a multinomial logistic regression 
model was constructed in R to calculate pro-
pensity scores. Inverse probability of treatment 
weighting (IPTW) was then applied, and the bal-
ance of baseline covariates before and after 
weighting was assessed across the three 
groups. Based on the weighted data, univariate 
and multivariate logistic regression models 
were used to analyze independent associa-
tions between clinical and radiographic vari-
ables and outcome events. Odds ratios (OR) 
and 95% confidence intervals (CI) were calcu-
lated. All statistical tests were two-sided, with  
P < 0.05 considered significant.

Results

Baseline characteristics

No significant differences were observed am- 
ong the three groups in age, sex, BMI, smoking 
history, alcohol consumption, diabetes, hyper-
tension, or injured side (all P > 0.05) (Table 1). 
With respect to fracture-related variables, 
there was a difference in Weber classification 
(P < 0.001) with a higher distribution of Weber 
C fracture in case of high-grade displacement. 
Injury mechanism also differed significantly (P 
< 0.001); high-energy injuries and sports inju-
ries were more common in Group C. With 
respect to medial structure involvement, medi-
al malleolar fracture (P = 0.008), posterior mal-
leolar fracture (P < 0.001), medial structure 
injury (P < 0.001), and posterior tibial marginal 
fracture (P < 0.001) all showed significant dif-
ferences, with higher incidences in the high-
grade group. Time from injury to surgery also 
differed significantly among the three groups (P 
< 0.001), with greater surgical delay observed 
in Group C (Table 1).

Intraoperative and postoperative radiographic 
reduction

Significant differences were found in immedi-
ate postoperative satisfactory reduction rates 

among the three groups (P < 0.001), with a 
notably higher proportion of unsatisfactory 
reduction in Group C. The rate of normal FR res-
toration also differed significantly (P < 0.001), 
with the highest incidence of rotational abnor-
mality in the high-grade group. Sagittal plane 
reduction showed significant intergroup differ-
ences (P < 0.001), with sagittal malalignment 
more common in Group C. At 6-month follow-
up, the proportion of loss of reduction differed 
significantly (P < 0.001), with markedly elevat-
ed risk in the high-grade group. The incidence 
of syndesmotic screw or fixation loosening also 
differed significantly (P < 0.001), being sub-
stantially higher in Group C. The proportion of 
abnormal syndesmotic interval at final follow-
up also showed significant differences (P < 
0.001). For radiographic measurements, post-
operative TFCS and TFO both differed signifi-
cantly among groups (both P < 0.001), with 
more pronounced syndesmotic malalignment 
in the high-grade group (Table 2).

SF-36 score comparison

No significant difference was observed in pre-
operative SF-36 total scores among the three 
groups (P > 0.05), indicating similar baseline 
functional status. Postoperative total scores in 
SF-36 were significantly different (P < 0.001) 
among groups with Group C demonstrating 
inadequate functional improvement. The over-
all improvement in SF-36 scores was signifi-
cantly different among the groups (P = 0.012) 
with smallest improvement in the high-grade 
group. The comparison of the groups A and B 
was significant with each other. Within-group 
comparisons showed Group A and group B was 
significant. Group C significantly improved (P = 
0.006) but it was a small effect (Table 3).

Functional outcomes at final follow-up

Significant differences in AOFAS scores were 
observed at final follow-up (P < 0.001), with 
notably lower scores in Group C. The rate of 
excellent or good AOFAS outcomes also dif-
fered significantly (P < 0.001), with a marked 
decline in the high-grade group. VAS pain 
scores at final follow-up differed significantly (P 
< 0.001), with higher pain levels in Group C. 
Regarding joint mobility, both dorsiflexion (P < 
0.001) and plantarflexion (P < 0.001) angles 
showed significant intergroup differences, with 
more pronounced limitation in the high-grade 
group. Time to return to work also differed sig-
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Table 1. Comparison of baseline characteristics among three groups

Variable Total Group A 
(n = 142)

Group B  
(n = 153)

Group C  
(n = 75) Statistic P value

Age (years) 48.91±13.06 48.51±13.15 49.19±12.95 49.07±13.28 0.105 0.9
Sex 0.747 0.688
    Male 198 (53.51%) 72 (50.70%) 85 (55.56%) 41 (54.67%)
    Female 172 (46.49%) 70 (49.30%) 68 (44.44%) 34 (45.33%)
BMI 5.749 0.056
    ≥ 25 118 (31.89%) 38 (26.76%) 48 (31.37%) 32 (42.67%)
    < 25 252 (68.11%) 104 (73.24%) 105 (68.63%) 43 (57.33%)
Smoking history 1.884 0.39
    Yes 87 (23.51%) 28 (19.72%) 39 (25.49%) 20 (26.67%)
    No 283 (76.49%) 114 (80.28%) 114 (74.51%) 55 (73.33%)
Alcohol consumption 1.998 0.368
    Yes 92 (24.86%) 30 (21.13%) 40 (26.14%) 22 (29.33%)
    No 278 (75.14%) 112 (78.87%) 113 (73.86%) 53 (70.67%)
Diabetes 1.416 0.493
    Yes 48 (12.97%) 15 (10.56%) 21 (13.73%) 12 (16.00%)
    No 322 (87.03%) 127 (89.44%) 132 (86.27%) 63 (84.00%)
Hypertension 0.485 0.785
    Yes 76 (20.54%) 28 (19.72%) 34 (22.22%) 14 (18.67%)
    No 294 (79.46%) 114 (80.28%) 119 (77.78%) 61 (81.33%)
Weber classification 57.19 < 0.001
    B 189 (51.08%) 105 (73.94%) 67 (43.79%) 17 (22.67%)
    C 181 (48.92%) 37 (26.06%) 86 (56.21%) 58 (77.33%)
Injury mechanism 25.019 < 0.001
    Twisting 211 (57.03%) 102 (71.83%) 80 (52.29%) 29 (38.67%)
    High-energy 104 (28.11%) 25 (17.61%) 50 (32.68%) 29 (38.67%)
    Sports 55 (14.86%) 15 (10.56%) 23 (15.03%) 17 (22.67%)
Injured side 0.152 0.927
    Left 192 (51.89%) 72 (50.70%) 80 (52.29%) 40 (53.33%)
    Right 178 (48.11%) 70 (49.30%) 73 (47.71%) 35 (46.67%)
Medial malleolar fracture 9.754 0.008
    Yes 178 (48.11%) 55 (38.73%) 78 (50.98%) 45 (60.00%)
    No 192 (51.89%) 87 (61.27%) 75 (49.02%) 30 (40.00%)
Posterior malleolar fracture 49.632 < 0.001
    Yes 105 (28.38%) 19 (13.38%) 42 (27.45%) 44 (58.67%)
    No 265 (71.62%) 123 (86.62%) 111 (72.55%) 31 (41.33%)
Medial structure injury 34.432 < 0.001
    Yes 150 (40.54%) 35 (24.65%) 66 (43.14%) 49 (65.33%)
    No 220 (59.46%) 107 (75.35%) 87 (56.86%) 26 (34.67%)
Posterior tibial marginal fracture 67.597 < 0.001
    Yes 113 (30.54%) 18 (12.68%) 45 (29.41%) 50 (66.67%)
    No 257 (69.46%) 124 (87.32%) 108 (70.59%) 25 (33.33%)
Time from injury to surgery (days) 4.00 [3.00, 6.00] 4.00 [3.00, 5.00] 4.00 [3.00, 6.00] 7.00 [5.00, 8.00] 52.593 < 0.001
Note: BMI, body mass index; SSD, sagittal shift distance; FR, fibular rotation.

nificantly (P < 0.001), with substantially longer 
recovery time in Group C (Table 4).

Complications and reoperation

Significant differences existed in overall com-
plication rates (P < 0.001), with markedly high-

er rates in the high-grade group. Loss of reduc-
tion (P < 0.001), refractory pain (P < 0.001), 
and post-traumatic osteoarthritis (P < 0.001) 
all showed significant intergroup differences, 
with substantially higher risk in Group C. Wound 
infection did not differ significantly among 
groups (P > 0.05). Reoperation rates differed 
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Table 2. Comparison of postoperative radiographic reduction and follow-up outcomes among the 
three groups

Variable Total Group A  
(n = 142)

Group B  
(n = 153)

Group C  
(n = 75) Statistic P value

Satisfactory immediate postoperative reduction 36.099 < 0.001
    Yes 302 (81.62%) 130 (91.55%) 128 (83.66%) 44 (58.67%)
    No 68 (18.38%) 12 (8.45%) 25 (16.34%) 31 (41.33%)
Normal fibular rotation restoration 46.257 < 0.001
    Yes 276 (74.59%) 128 (90.14%) 112 (73.20%) 36 (48.00%)
    No 94 (25.41%) 14 (9.86%) 41 (26.80%) 39 (52.00%)
Normal sagittal reduction (SSD < 2 mm) 30.623 < 0.001
    Yes 291 (78.65%) 129 (90.85%) 118 (77.12%) 44 (58.67%)
    No 79 (21.35%) 13 (9.15%) 35 (22.88%) 31 (41.33%)
Loss of reduction at 6 months 41.232 < 0.001
    Yes 61 (16.49%) 9 (6.34%) 22 (14.38%) 30 (40.00%)
    No 309 (83.51%) 133 (93.66%) 131 (85.62%) 45 (60.00%)
Syndesmotic screw/fixation loosening 35.674 < 0.001
    Yes 48 (12.97%) 8 (5.63%) 15 (9.80%) 25 (33.33%)
    No 322 (87.03%) 134 (94.37%) 138 (90.20%) 50 (66.67%)
Abnormal syndesmotic interval at final follow-up 49.713 < 0.001
    Yes 72 (19.46%) 10 (7.04%) 27 (17.65%) 35 (46.67%)
    No 298 (80.54%) 132 (92.96%) 126 (82.35%) 40 (53.33%)
Postoperative TFCS (mm) 3.27±0.86 2.86±0.59 3.22±0.77 4.15±0.85 77.938 < 0.001
Postoperative TFO (mm) 5.03±1.26 5.73±1.09 4.91±1.04 3.95±1.14 67.024 < 0.001
Note: TFCS, tibiofibular clear space; TFO, tibiofibular overlap; SSD, sagittal shift distance; FR, fibular rotation.

significantly (P < 0.001), with a notably higher 
proportion in the high-grade group. Analysis of 
reoperation causes showed significant differ-
ences in reoperation for loss of reduction (P < 
0.001) and for post-traumatic osteoarthritis (P 
= 0.012). Reoperation for refractory pain did 
not differ significantly (P > 0.05) (Table 5).

Propensity score matching analysis

Given the significant baseline differences in 
certain variables among the three groups, pro-
pensity score matching (PSM) was performed 
to reduce confounding. At a caliper width of 
0.20, the matched sample size was too small 
for subsequent analysis. After stepwise adjust-
ment within the 0.20-0.30 caliper range, a  
caliper width of 0.24 yielded both a relatively 
large matched sample and elimination of all 
significant baseline differences among groups, 
representing optimal matching quality. The  
propensity score distribution showed marked 
intergroup differences before matching, while 
after matching the distributions overlapped 
substantially and baseline differences were 
greatly reduced (Figure 1).

Baseline characteristics after propensity score 
matching

Following PSM at a caliper width of 0.24, no sig-
nificant differences remained among the three 
groups in any demographic variable (age, sex, 
BMI, smoking history, alcohol consumption, 
diabetes, hypertension), injury characteristics 
(mechanism, side), fracture-related parameters 
(Weber classification, medial malleolar frac-
ture, posterior malleolar fracture, medial struc-
ture injury, posterior tibial marginal fracture),  
or time from injury to surgery (all P > 0.05). 
Balance was well achieved (Table 6).

Postoperative radiographic reduction after 
matching

After matching, significant differences persist-
ed in immediate postoperative satisfactory 
reduction rates (P = 0.022), with a higher pro-
portion of unsatisfactory reduction in the high-
grade group. The incidence of abnormal syn-
desmotic interval at final follow-up also differed 
significantly (P = 0.030), suggesting poorer res-
toration of syndesmotic alignment in Group C. 
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Table 3. Comparison of preoperative and postoperative SF-36 scores among the three groups
Variable Total (n = 370) Group A (n = 142) Group B (n = 153) Group C (n = 75) Statistic P value
Preoperative SF-36 total score 56.12±13.96 56.87±12.25 56.22±15.07 54.48±14.69 0.727 0.484
Postoperative SF-36 total score 69.50 [59.00, 79.00] 77.00 [67.50, 84.00] 67.00 [60.00, 75.00] 58.00 [55.00, 64.50] 89.034 < 0.001
SF-36 improvement 17.00 [8.00, 27.00] 20.00 [10.25, 29.75] 16.00 [8.00, 27.00] 14.00 [7.00, 22.50] 8.890 0.012
Within-group comparison (statistic) 14.955 7.646 2.829
Within-group comparison (P value) < 0.001 < 0.001 0.006
Note: SF-36, Short Form-36 Health Survey.

Table 4. Comparison of functional outcomes at final follow-up among the three groups
Variable Total (n = 370) Group A (n = 142) Group B (n = 153) Group C (n = 75) Statistic P value
AOFAS at final follow-up 86.00 [81.00, 90.00] 87.00 [82.25, 91.00] 86.00 [81.00, 90.00] 80.00 [70.00, 88.00] 23.216 < 0.001
Excellent/good AOFAS (≥ 80) 43.300 < 0.001
    Yes 285 (77.03%) 128 (90.14%) 119 (77.78%) 38 (50.67%)
    No 85 (22.97%) 14 (9.86%) 34 (22.22%) 37 (49.33%)
VAS pain score at final follow-up 3.00 [2.00, 3.00] 2.00 [1.25, 3.00] 3.00 [2.00, 4.00] 4.00 [3.00, 5.00] 98.196 < 0.001
Ankle dorsiflexion (°) 15.89±5.42 19.11±4.59 14.99±4.76 11.65±4.49 68.442 < 0.001
Ankle plantarflexion (°) 38.62±7.49 42.15±6.63 38.50±6.43 32.16±6.69 56.928 < 0.001
Time to return to work (weeks) 11.00 [9.00, 14.00] 10.00 [7.25, 11.00] 12.00 [9.00, 14.00] 15.00 [13.50, 18.00] 103.029 < 0.001
Note: AOFAS, American Orthopaedic Foot and Ankle Society score; VAS, visual analogue scale.
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Table 5. Comparison of complications and reoperation among the three groups

Variable Total  
(n = 370)

Group A  
(n = 142)

Group B  
(n = 153)

Group C  
(n = 75) Statistic P value

Any complication 30.466 < 0.001
    Yes 92 (24.86%) 20 (14.08%) 36 (23.53%) 36 (48.00%)
    No 278 (75.14%) 122 (85.92%) 117 (76.47%) 39 (52.00%)
Loss of reduction 40.203 < 0.001
    Yes 55 (14.86%) 8 (5.63%) 19 (12.42%) 28 (37.33%)
    No 315 (85.14%) 134 (94.37%) 134 (87.58%) 47 (62.67%)
Refractory pain 15.835 < 0.001
    Yes 42 (11.35%) 9 (6.34%) 15 (9.80%) 18 (24.00%)
    No 328 (88.65%) 133 (93.66%) 138 (90.20%) 57 (76.00%)
Post-traumatic osteoarthritis 18.643 < 0.001
    Yes 33 (8.92%) 6 (4.23%) 11 (7.19%) 16 (21.33%)
    No 337 (91.08%) 136 (95.77%) 142 (92.81%) 59 (78.67%)
Wound infection 3.572 0.168
    Yes 12 (3.24%) 3 (2.11%) 4 (2.61%) 5 (6.67%)
    No 358 (96.76%) 139 (97.89%) 149 (97.39%) 70 (93.33%)
Reoperation 38.58 < 0.001
    Yes 36 (9.73%) 5 (3.52%) 12 (7.84%) 21 (25.92%)
    No 334 (90.27%) 137 (96.48%) 141 (92.16%) 54 (74.67%)
Reoperation for loss of reduction 3 (2.11%) 7 (4.6%) 14 (18.67%) 23.743 < 0.001
Reoperation for refractory pain 2 (1.41%) 3 (2.0%) 5 (6.7%) 5.703 0.058
Reoperation for osteoarthritis 0 (0.00%) 2 (1.3%) 4 (5.3%) 8.912 0.012

Figure 1. Density distribution of propensity scores among three groups (A, B, C) before and after matching. Note: 
PSM, propensity score matching; SMD, standardized mean difference.

Normal FR restoration, normal sagittal reduc-
tion, 6-month loss of reduction, and syndes-
motic screw/fixation loosening did not differ 
significantly among groups (all P > 0.05).  
For radiographic measurements, postoperative 
TFCS and TFO both showed significant differ-
ences (P < 0.001 for both), with more pro-

nounced deviation from normal in the high-
grade group (Table 7).

SF-36 scores after matching

After matching, preoperative SF-36 total scores 
did not differ significantly (P > 0.05), indicating 
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Table 6. Comparison of baseline characteristics among the three groups after propensity score 
matching

Variable Total (n = 57) Group A (n = 19) Group B (n = 19) Group C (n = 19) Statistic P 
value

Age (years) 48.53±13.34 44.79±15.67 50.53±10.92 50.26±12.90 1.126 0.332
Sex 1.895 0.388
    Male 34 (59.65%) 9 (47.37%) 12 (63.16%) 13 (68.42%)
    Female 23 (40.35%) 10 (52.63%) 7 (36.84%) 6 (31.58%)
BMI 2.813 0.245
    ≥ 25 22 (38.60%) 5 (26.32%) 10 (52.63%) 7 (36.84%)
    < 25 35 (61.40%) 14 (73.68%) 9 (47.37%) 12 (63.16%)
Smoking history 0.543 0.762
    Yes 15 (26.32%) 5 (26.32%) 6 (31.58%) 4 (21.05%)
    No 42 (73.68%) 14 (73.68%) 13 (68.42%) 15 (78.95%)
Alcohol consumption 1.326 0.515
    Yes 14 (24.56%) 3 (15.79%) 6 (31.58%) 5 (26.32%)
    No 43 (75.44%) 16 (84.21%) 13 (68.42%) 14 (73.68%)
Diabetes 3.069 0.216
    Yes 5 (8.77%) 0 (0.00%) 3 (15.79%) 2 (10.53%)
    No 52 (91.23%) 19 (100.00%) 16 (84.21%) 17 (89.47%)
Hypertension 3.353 0.187
    Yes 6 (10.53%) 0 (0.00%) 3 (15.79%) 3 (15.79%)
    No 51 (89.47%) 19 (100.00%) 16 (84.21%) 16 (84.21%)
Weber classification 1.825 0.401
    B 28 (49.12%) 11 (57.89%) 10 (52.63%) 7 (36.84%)
    C 29 (50.88%) 8 (42.11%) 9 (47.37%) 12 (63.16%)
Injury mechanism 2.628 0.622
    Twisting 37 (64.91%) 12 (63.16%) 14 (73.68%) 11 (57.89%)
    High-energy 12 (21.05%) 4 (21.05%) 2 (10.53%) 6 (31.58%)
    Sports 8 (14.04%) 3 (15.79%) 3 (15.79%) 2 (10.53%)
Injured side 1.825 0.401
    Left 29 (50.88%) 8 (42.11%) 12 (63.16%) 9 (47.37%)
    Right 28 (49.12%) 11 (57.89%) 7 (36.84%) 10 (52.63%)
Medial malleolar fracture 3.410 0.182
    Yes 18 (31.58%) 5 (26.32%) 4 (21.05%) 9 (47.37%)
    No 39 (68.42%) 14 (73.68%) 15 (78.95%) 10 (52.63%)
Posterior malleolar fracture 1.853 0.396
    Yes 25 (43.86%) 6 (31.58%) 9 (47.37%) 10 (52.63%)
    No 32 (56.14%) 13 (68.42%) 10 (52.63%) 9 (47.37%)
Medial structure injury 1.825 0.401
    Yes 28 (49.12%) 11 (57.89%) 7 (36.84%) 10 (52.63%)
    No 29 (50.88%) 8 (42.11%) 12 (63.16%) 9 (47.37%)
Posterior tibial marginal fracture 0.000 1.000
    Yes 24 (42.11%) 8 (42.11%) 8 (42.11%) 8 (42.11%)
    No 33 (57.89%) 11 (57.89%) 11 (57.89%) 11 (57.89%)
Time from injury to surgery (days) 5.00 [4.00, 7.00] 6.00 [4.00, 7.00] 5.00 [4.50, 7.00] 4.00 [3.00, 6.50] 3.337 0.189
Note: BMI, body mass index; PSM, propensity score matching.

balanced baseline functional status. Post- 
operative SF-36 total scores differed signifi-
cantly (P = 0.002), with poorer functional recov-
ery in Group C. The improvement in SF-36 

scores also differed significantly (P = 0.031), 
with the smallest improvement in the high-
grade group. For within-group comparisons, 
Groups A and B showed significant postopera-
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Table 7. Comparison of postoperative radiographic reduction and follow-up outcomes among the 
three groups after propensity score matching

Variable Total  
(n = 57)

Group A  
(n = 19)

Group B  
(n = 19)

Group C  
(n = 19) Statistic P value

Satisfactory immediate postoperative reduction 7.600 0.022
    Yes 45 (78.95%) 17 (89.47%) 17 (89.47%) 11 (57.89%)
    No 12 (21.05%) 2 (10.53%) 2 (10.53%) 8 (42.11%)
Normal fibular rotation restoration 3.167 0.205
    Yes 48 (84.21%) 18 (94.74%) 16 (84.21%) 14 (73.68%)
    No 9 (15.79%) 1 (5.26%) 3 (15.79%) 5 (26.32%)
Normal sagittal reduction (SSD < 2 mm) 3.410 0.182
    Yes 39 (68.42%) 16 (84.21%) 12 (63.16%) 11 (57.89%)
    No 18 (31.58%) 3 (15.79%) 7 (36.84%) 8 (42.11%)
Loss of reduction at 6 months 3.189 0.203
    Yes 13 (22.81%) 3 (15.79%) 3 (15.79%) 7 (36.84%)
    No 44 (77.19%) 16 (84.21%) 16 (84.21%) 12 (63.16%)
Syndesmotic screw/fixation loosening 4.609 0.100
    Yes 10 (17.54%) 1 (5.26%) 3 (15.79%) 6 (31.58%)
    No 47 (82.46%) 18 (94.74%) 16 (84.21%) 13 (68.42%)
Abnormal syndesmotic interval at final follow-up 7.007 0.030
    Yes 14 (24.56%) 1 (5.26%) 5 (26.32%) 8 (42.11%)
    No 43 (75.44%) 18 (94.74%) 14 (73.68%) 11 (57.89%)
Postoperative TFCS (mm) 3.51±0.97 2.67±0.72 3.54±0.69 4.31±0.72 25.085 < 0.001
Postoperative TFO (mm) 4.64±1.21 5.43±0.98 4.48±0.97 4.01±1.22 8.758 < 0.001
Note: TFCS, tibiofibular clear space; TFO, tibiofibular overlap; SSD, sagittal shift distance; FR, fibular rotation.

tive improvements (P < 0.001 and P = 0.019, 
respectively), while Group C showed no signifi-
cant pre-to-post improvement (P > 0.05) (Table 
8).

Functional outcomes at final follow-up after 
matching

After matching, significant differences in AOFAS 
scores remained at final follow-up (P = 0.037), 
with notably lower scores in the high-grade 
group. The rate of excellent or good outcomes 
also differed significantly (P = 0.002), with a 
marked decline in Group C. VAS pain scores dif-
fered significantly (P < 0.001), with higher pain 
levels in the high-grade group. Both dorsiflexion 
and plantarflexion angles showed significant 
differences (both P < 0.001), with more pro-
nounced limitation in Group C. Time to return to 
work also differed significantly (P < 0.001), with 
substantially longer recovery time in the high-
grade group (Table 9).

Complications and reoperation after matching

After matching, overall complication rates dif-
fered significantly (P = 0.014), with higher rates 
in the high-grade group. Loss of reduction (P = 
0.046) and refractory pain (P = 0.020) also 

showed significant differences, with higher pro-
portions in Group C. Post-traumatic osteoarthri-
tis and wound infection did not differ signifi-
cantly (both P > 0.05). Reoperation rates 
differed significantly (P = 0.009), with a notably 
higher proportion in the high-grade group. 
Reoperation for loss of reduction showed sig-
nificant differences (P = 0.020), while reopera-
tion for refractory pain did not (P > 0.05). No 
reoperations for post-traumatic osteoarthritis 
were observed after matching (Table 10).

Comparison between good and poor prognosis 
groups

Patients were classified into two groups based 
on their final follow-up AOFAS scores: those 
with a good prognosis (AOFAS ≥ 80) and those 
with a poor prognosis (AOFAS < 80). A compara-
tive analysis was conducted on baseline char-
acteristics, radiographic reductions, and func-
tional outcome. There was a significant di- 
fference in the grade of syndesmotic injury 
between the two groups (P = 0.002), with a 
notably higher proportion of high-grade injuries 
observed in the poor prognosis group. Addi- 
tionally, medial structure injuries exhibited a 
significant difference (P = 0.044). Regarding 
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Table 8. Comparison of preoperative and postoperative SF-36 scores among the three groups after propensity score matching
Variable Total (n = 57) Group A (n = 19) Group B (n = 19) Group C (n = 19) Statistic P value
Preoperative SF-36 total score 55.30±15.61 50.84±14.20 56.74±16.44 58.32±15.92 1.219 0.303
Postoperative SF-36 total score 68.00 [59.00, 81.00] 77.00 [71.00, 86.50] 68.00 [65.00, 79.50] 59.00 [55.00, 67.50] 12.061 0.002
SF-36 improvement 22.00 [7.00, 31.00] 28.00 [19.50, 37.50] 21.00 [6.50, 32.50] 8.00 [5.00, 24.00] 6.921 0.031
Within-group comparison (statistic) 6.57 2.585 0.878
Within-group comparison (P value) < 0.001 0.019 0.392
Note: SF-36, Short Form-36 Health Survey.

Table 9. Comparison of functional outcomes at final follow-up among the three groups after propensity score matching
Variable Total (n = 57) Group A (n = 19) Group B (n = 19) Group C (n = 19) Statistic P value
AOFAS at final follow-up 88.00 [81.00, 91.00] 89.00 [85.50, 91.50] 89.00 [85.00, 92.00] 80.00 [70.00, 89.00] 6.589 0.037
Excellent/good AOFAS (≥ 80) 12.033 0.002
    Yes 45 (78.95%) 18 (94.74%) 17 (89.47%) 10 (52.63%)
    No 12 (21.05%) 1 (5.26%) 2 (10.53%) 9 (47.37%)
VAS pain score at final follow-up 3.00 [2.00, 4.00] 2.00 [2.00, 2.50] 3.00 [2.00, 3.50] 4.00 [3.00, 5.00] 19.16 < 0.001
Ankle dorsiflexion (°) 15.38±5.23 18.68±4.01 15.69±4.92 11.77±4.40 11.454 < 0.001
Ankle plantarflexion (°) 37.28±7.45 41.73±6.70 37.93±5.17 32.17±7.22 10.678 < 0.001
Time to return to work (weeks) 11.42±3.65 8.79±2.84 11.16±1.95 14.32±3.65 17.38 < 0.001
Note: AOFAS, American Orthopaedic Foot and Ankle Society score; VAS, visual analogue scale.
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Table 10. Comparison of complications and reoperation among the three groups after propensity 
score matching

Variable Total  
(n = 57)

Group A  
(n = 19)

Group B  
(n = 19)

Group C  
(n = 19) Statistic P 

value
Any complication 8.515 0.014
    Yes 16 (28.07%) 3 (15.79%) 3 (15.79%) 10 (52.63%)
    No 41 (71.93%) 16 (84.21%) 16 (84.21%) 9 (47.37%)
Loss of reduction 6.178 0.046
    Yes 13 (22.81%) 3 (15.79%) 2 (10.53%) 8 (42.11%)
    No 44 (77.19%) 16 (84.21%) 17 (89.47%) 11 (57.89%)
Refractory pain 7.824 0.02
    Yes 6 (10.53%) 0 (0.00%) 1 (5.26%) 5 (26.32%)
    No 51 (89.47%) 19 (100.00%) 18 (94.74%) 14 (73.68%)
Post-traumatic osteoarthritis 4.471 0.107
    Yes 6 (10.53%) 0 (0.00%) 2 (10.53%) 4 (21.05%)
    No 51 (89.47%) 19 (100.00%) 17 (89.47%) 15 (78.95%)
Wound infection 1.036 0.596
    Yes 2 (3.51%) 1 (5.26%) 0 (0.00%) 1 (5.26%)
    No 55 (96.49%) 18 (94.74%) 19 (100.00%) 18 (94.74%)
Reoperation 9.500 0.009
    Yes 9 (15.79%) 1 (5.26%) 1 (5.26%) 7 (36.84%)
    No 48 (84.21%) 18 (94.74%) 18 (94.74%) 12 (63.16%)
Reoperation for loss of reduction 0 (0.00%) 1 (5.26%) 5 (26.31%) 7.824 0.02
Reoperation for refractory pain 0 (0.00%) 0 (0.00%) 2 (10.53%) 4.145 0.126
Reoperation for osteoarthritis 0 (0.00%) 0 (0.00%) 0 (0.00%) - -

radiographic parameters, postoperative tibio-
fibular clear space (TFCS) (P = 0.017) and tibio-
fibular overlap (TFO) (P = 0.022) were signifi-
cantly different, indicating more pronounced 
syndesmotic malalignment in the poor progno-
sis group. The angles of dorsiflexion (P = 0.005) 
and plantarflexion (P < 0.001) also showed sig-
nificant differences, with greater limitations 
noted in the poor prognosis group. Further- 
more, the rate of reduction loss at the 6-mon- 
th follow-up was significantly different (P = 
0.004), with a higher proportion of patients in 
the poor prognosis group experiencing this 
issue. Other demographic variables, including 
sex, BMI, smoking history, alcohol consump-
tion, diabetes, hypertension, and age, as well 
as injury characteristics (mechanism, side), 
fracture-related parameters (Weber classifica-
tion, presence of medial malleolar fracture, 
posterior malleolar fracture, posterior tibial 
marginal fracture), postoperative reduction 
parameters (normal fracture restoration, nor-
mal sagittal reduction, screw loosening), and 
general complications did not show significant 
differences (all P > 0.05) (Table 11).

Multicollinearity testing and logistic regression 
analysis

Before multivariate logistic regression, vari-
ance inflation factor (VIF) testing was per-
formed for all candidate variables. All VIF val-
ues were low (< 2), indicating no multicollinea- 
rity and permitting inclusion in the regression 
model (Table 12).

By univariate logistic regression, age, time from 
injury to surgery, postoperative TFCS, postop-
erative TFO, postoperative SF-36 total score, 
VAS pain score, ankle range of motion (dorsi-
flexion and plantarflexion), syndesmotic injury 
grade, BMI, diabetes, Weber classification, pos-
terior malleolar fracture, medial structure inju-
ry, posterior tibial marginal fracture, FR restora-
tion, 6-month loss of reduction, syndesmotic 
screw/fixation loosening, and any complication 
were all associated with outcome (all P < 0.05).

By multivariate logistic regression, age (P < 
0.001), time from injury to surgery (P < 0.001), 
BMI (P = 0.050), diabetes (P = 0.004), Weber 
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Table 11. Comparison of baseline characteristics among three groups

Variable Total Poor prognosis  
(n = 85)

Good prognosis  
(n = 285) Statistic P value

Syndesmotic injury grade 12.033 0.002
    A 19 (33.33%) 1 (8.33%) 18 (40.00%)
    B 19 (33.33%) 2 (16.67%) 17 (37.78%)
    C 19 (33.33%) 9 (75.00%) 10 (22.22%)
Sex 0.790 0.374
    Male 34 (59.65%) 9 (75.00%) 25 (55.56%)
    Female 23 (40.35%) 3 (25.00%) 20 (44.44%)
BMI 0.000 1.000
    ≥ 25 22 (38.60%) 5 (41.67%) 17 (37.78%)
    < 25 35 (61.40%) 7 (58.33%) 28 (62.22%)
Smoking history 0.236 0.627
    Yes 15 (26.32%) 2 (16.67%) 13 (28.89%)
    No 42 (73.68%) 10 (83.33%) 32 (71.11%)
Alcohol consumption 0.000 1.000
    Yes 14 (24.56%) 3 (25.00%) 11 (24.44%)
    No 43 (75.44%) 9 (75.00%) 34 (75.56%)
Diabetes 0.264 0.607
    Yes 5 (8.77%) 2 (16.67%) 3 (6.67%)
    No 52 (91.23%) 10 (83.33%) 42 (93.33%)
Hypertension 0.000 1.000
    Yes 6 (10.53%) 1 (8.33%) 5 (11.11%)
    No 51 (89.47%) 11 (91.67%) 40 (88.89%)
Weber classification 0.338 0.561
    B 28 (49.12%) 5 (41.67%) 23 (51.11%)
    C 29 (50.88%) 7 (58.33%) 22 (48.89%)
Injury mechanism 2.484 0.289
    Twisting 37 (64.91%) 9 (75.00%) 28 (62.22%)
    High-energy 12 (21.05%) 3 (25.00%) 9 (20.00%)
    Sports 8 (14.04%) 0 (0.00%) 8 (17.78%)
Injured side 0.005 0.945
    Left 29 (50.88%) 6 (50.00%) 23 (51.11%)
    Right 28 (49.12%) 6 (50.00%) 22 (48.89%)
Medial malleolar fracture 0.247 0.619
    Yes 18 (31.58%) 5 (41.67%) 13 (28.89%)
    No 39 (68.42%) 7 (58.33%) 32 (71.11%)
Posterior malleolar fracture 3.211 0.073
    Yes 25 (43.86%) 8 (66.67%) 17 (37.78%)
    No 32 (56.14%) 4 (33.33%) 28 (62.22%)
Medial structure injury 4.073 0.044
    Yes 28 (49.12%) 9 (75.00%) 19 (42.22%)
    No 29 (50.88%) 3 (25.00%) 26 (57.78%)
Posterior tibial marginal fracture 1.824 0.177
    Yes 24 (42.11%) 3 (25.00%) 21 (46.67%)
    No 33 (57.89%) 9 (75.00%) 24 (53.33%)
Normal fibular rotation restoration 0.000 1.000
    Yes 48 (84.21%) 10 (83.33%) 38 (84.44%)
    No 9 (15.79%) 2 (16.67%) 7 (15.56%)
Normal sagittal reduction (SSD < 2 mm) 0.041 0.840
    Yes 39 (68.42%) 9 (75.00%) 30 (66.67%)
    No 18 (31.58%) 3 (25.00%) 15 (33.33%)
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Loss of reduction at 6 months 8.491 0.004
    Yes 13 (22.81%) 7 (58.33%) 6 (13.33%)
    No 44 (77.19%) 5 (41.67%) 39 (86.67%)
Syndesmotic screw/fixation loosening 1.419 0.233
    Yes 10 (17.54%) 4 (33.33%) 6 (13.33%)
    No 47 (82.46%) 8 (66.67%) 39 (86.67%)
Abnormal syndesmotic interval at final follow-up 0.174 0.677
    Yes 14 (24.56%) 4 (33.33%) 10 (22.22%)
    No 43 (75.44%) 8 (66.67%) 35 (77.78%)
Any complication 2.375 0.123
    Yes 16 (28.07%) 6 (50.00%) 10 (22.22%)
    No 41 (71.93%) 6 (50.00%) 35 (77.78%)
Age (years) 48.53±13.34 45.08±12.04 49.44±13.64 1.007 0.319
Time from injury to surgery (days) 5.00 [4.00, 7.00] 5.50 [3.00, 7.00] 5.00 [4.00, 7.00] 0.189 0.850
Postoperative TFCS (mm) 3.51±0.97 4.09±0.97 3.35±0.92 -2.464 0.017
Postoperative TFO (mm) 4.64±1.21 3.94±1.00 4.83±1.20 2.349 0.022
Postoperative SF-36 total score 70.16±13.35 67.25±13.06 70.93±13.46 0.847 0.401
VAS pain score at final follow-up 3.00 [2.00, 4.00] 3.00 [2.75, 4.25] 3.00 [2.00, 4.00] 1.684 0.092
Ankle dorsiflexion (°) 15.38±5.23 11.72±5.03 16.36±4.88 2.903 0.005
Ankle plantarflexion (°) 37.28±7.45 28.81±6.92 39.54±5.82 5.450 < 0.001
Note: AOFAS, American Orthopaedic Foot and Ankle Society score; TFCS, tibiofibular clear space; TFO, tibiofibular overlap.

Table 12. Variance inflation factor (VIF) analysis for multicollinear-
ity assessment
Variable VIF Interpretation
Age 1.269 Low multicollinearity
Time from injury to surgery 1.344 Low multicollinearity
Postoperative TFCS (mm) 1.711 Low multicollinearity
Postoperative TFO (mm) 1.38 Low multicollinearity
Postoperative SF-36 total score 1.272 Low multicollinearity
VAS pain score 1.506 Low multicollinearity
Ankle dorsiflexion (°) 1.381 Low multicollinearity
Ankle plantarflexion (°) 1.363 Low multicollinearity
Syndesmotic injury grade 1.855 Low multicollinearity
BMI 1.083 Low multicollinearity
Diabetes 1.129 Low multicollinearity
Weber classification 1.214 Low multicollinearity
Injury mechanism 1.097 Low multicollinearity
Posterior malleolar fracture 1.282 Low multicollinearity
Medial structure injury 1.156 Low multicollinearity
Posterior tibial marginal fracture 1.191 Low multicollinearity
Normal fibular rotation restoration 1.294 Low multicollinearity
Loss of reduction at 6 months 1.2 Low multicollinearity
Syndesmotic screw/fixation loosening 1.144 Low multicollinearity
Any complication 1.114 Low multicollinearity
Note: TFCS, tibiofibular clear space; TFO, tibiofibular overlap; SF-36, Short Form-
36 Health Survey; VAS, visual analogue scale; BMI, body mass index; FR, fibular 
rotation.

tion (P = 0.032) were con-
firmed as independent risk  
factors for poor prognosis. 
Postoperative TFCS, TFO, SF- 
36 score, VAS score, ankle 
range of motion, FR restora-
tion, and complications were 
not significant in multivariate 
analysis (P > 0.05). Univariate 
and multivariate logistic regr- 
ession results are presented 
as a forest plot (Figure 2).

It should be noted that becau- 
se of the small number of 
patients with poor prognosis  
in the PSM-matched sample, 
the “events per variable ≥ 10” 
rule for logistic regression was 
not satisfied. Preliminary anal-
ysis also showed substantial 
bias. Therefore, risk factor 
analysis was not performed on 
the PSM-matched sample.

Interaction analysis

Interaction effects between 
syndesmotic injury grade and 
age, surgical delay, and diabe-

classification (P = 0.017), posterior malleolar 
fracture (P = 0.008), and 6-month loss of reduc-

tes were analyzed. Figure 3 displays the inter-
action patterns between injury grade (Group A 
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Figure 2. Forest plot of univariate and multivariate logistic regression analyses for factors affecting postoperative 
prognosis. Note: Green lines and squares represent univariate logistic regression analysis; yellow lines and squares 
represent multivariate logistic regression analysis. TFCS, tibiofibular clear space; TFO, tibiofibular overlap; SF-36, 
Short Form-36 Health Survey; VAS, visual analogue scale; BMI, body mass index; FR, fibular rotation.

Figure 3. Interaction analysis between syndesmotic injury grade and age, surgical delay, and diabetes. A. Interac-
tion between grade and age. B. Interaction between grade and time to surgery. C. Interaction between grade and 
diabetes.

vs. Groups B+C) and three key clinical variables 
in predicting poor prognosis.

For the age interaction (Figure 3A), the in- 
teraction term between injury grade and age 
approached statistical significance (Estimate = 
-0.0617, P = 0.078). As age increased, the risk 

of poor prognosis rose in both groups, but more 
steeply in Groups B+C. Age as an independent 
factor significantly increased poor prognosis 
risk (OR = 1.120, 95% CI 1.066-1.177).

For surgical delay (Figure 3B), a significant 
interaction was observed (Estimate = 0.535, P 
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Figure 4. Mediation analysis of syndesmotic injury grade and surgical de-
lay on poor prognosis through loss of reduction at 6 months (LOR6m). A. 
Mediation pathway: Grade → LOR6m → Outcome. B. Mediation pathway: 
Time to surgery → LOR6m → Outcome. Note: LOR6m, loss of reduction at 6 
months; TimeSurg, time to surgery; ACME, average causal mediation effect; 
ADE, average direct effect; PMed, proportion mediated.

= 0.028). As surgical delay increased, the prob-
ability of poor prognosis rose more markedly in 
the B+C group. Within the 3-7 day delay range, 
the risk difference between groups widened 
rapidly. Surgical delay itself also significantly 
increased poor prognosis risk (OR = 2.223, 
95% CI 1.563-3.161).

For the diabetes interaction (Figure 3C), the 
interaction term did not reach statistical signifi-
cance (Estimate = -1.155, P = 0.197). Although 
predicted probabilities differed between dia-
betic patients across injury grades, confidence 
intervals were wide and the interaction was 
unstable. This suggests that sample size distri-
bution may have limited detection power.

Mediation analysis

Figure 4 illustrates the results from two media-
tion pathways. The first pathway assessed the 
indirect effect of syndesmotic injury grade on 
poor prognosis through loss of reduction at 6 
months (LOR6m). The second pathway evalu-
ated the potential mediating role of LOR6m in 
the relationship between surgical delay and 
poor prognosis. For Pathway A (injury grade → 
LOR6m → poor prognosis), the average causal 
mediation effect (ACME) was 0.050 (95% CI 
-0.006 to 0.106), while the average direct 
effect (ADE) was 0.098 (95% CI -0.068 to 
0.264), resulting in a total effect of 0.155 (95% 
CI -0.013 to 0.323). Although the proportion 
mediated (PMed) reached 0.320, the confi-
dence interval was wide (-0.194 to 0.835), indi-
cating a limited trend toward mediation through 

LOR6m, with the mediation 
effect being unstable. More 
complex mechanisms may be 
involved, such as the severity 
of soft tissue injury, altered 
joint contact pressure, and 
occult rotational abnormali-
ties. For Pathway B (surgical 
delay → LOR6m → poor prog-
nosis), the ACME was negligi-
ble (0.001, 95% CI -0.008 to 
0.009), indicating no signifi-
cant indirect effect. However, 
both the direct effect of surgi-
cal delay and the total effe- 
ct (0.214, 95% CI 0.141 to 
0.287) were significant. The 
fraction mediated was very 
small (0.002, 95% CI -0.038 to 

0.043). The relationship between surgical delay 
and poor prognosis occurs primarily through 
direct pathways, rather than through LOR6m. 
The two pathways differ significantly, with struc-
tural factors (injury grade) influencing progno-
sis through one route, while temporal factors 
(surgical delay) influence through the other.

Discussion

This study included 370 patients with ankle 
fractures and syndesmotic injury. Utilizing FR 
and SSD, we developed a three-tier injury grad-
ing system and systematically compared post-
operative radiographic reduction quality, func-
tional outcomes, and complication rates ac- 
ross groups. We further employed IPTW, PSM, 
multivariate regression, interaction analysis, 
and mediation analysis to evaluate the inde-
pendent prognostic effect of the grading sys-
tem and its underlying mechanistic pathways. 
Overall, the results demonstrated that patien- 
ts with high-grade (Group C) injuries exhibited 
inferior postoperative reduction quality, higher 
complication and reoperation rates, and signifi-
cantly worse functional recovery. However, by 
multivariate analysis, injury grade itself did not 
emerge as an independent predictor. Instead, 
clinical factors including age, surgical delay, 
diabetes, obesity, Weber C classification, and 
posterior malleolar fracture superseded its 
prognostic effect.

These results suggest that this grading system, 
as a structural-radiographic characterization, 
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represents the injury’s “composite severity”. 
The factors that accompany a high-grade injury 
are the ones that alter mortise stability and 
affect maintenance of the reduction - such as 
posterior malleolar fracture, Weber C classifica-
tion, and medial structure injury. Once these 
factors are included in the model, the grading 
system’s “composite injury indicator” is super-
seded by more direct causal variables, with the 
result that its independent effect is eliminated. 
Injury grade alone must not determine progno-
sis; instead, all factors that contribute to dis-
crimination must be considered.

Surgical delay represents one of the major fac-
tors affecting prognosis. Delayed treatment 
can result in hematoma organization and scar 
formation within the syndesmotic space, ren-
dering anatomical fibular rotation reduction 
more difficult and increasing the risk of post- 
operative malalignment. Postponed surgical 
intervention is also associated with substan- 
tial soft tissue swelling, altered tissue tension, 
and limited surgical access, all of which can 
compromise reduction quality and internal fixa-
tion stability. Yang et al. [14] demonstrated that 
untreated small posterior malleolar fragments 
combined with early removal of syndesmotic 
screws (6-8 weeks) were associated with recur-
rent syndesmotic instability, further underscor-
ing the importance of surgical timing and ade-
quate duration of fixation maintenance. Our 
multivariate analysis confirmed that surgical 
delay significantly increased the risk of poor 
prognosis (P < 0.001). Furthermore, a signifi-
cant interaction between surgical delay and 
injury grade was identified in this study (P = 
0.028). In patients with moderate-to-high-
grade injuries, the probability of poor prognosis 
increased markedly with surgical delay, in con-
trast to those with low-grade injuries. This find-
ing suggests that high-grade injuries exhibit a 
“time-dependent” characteristic: as rotational 
or translational displacement becomes more 
severe, the soft tissue milieu deteriorates more 
rapidly over time. This interaction effect im- 
plies that patients with moderate-to-high-grade 
syndesmotic injuries should undergo surgery 
promptly - ideally within 72 hours - to prevent 
irreversible soft tissue changes and syndes-
motic interval deterioration. This interaction 
represents one of the most clinically actionable 
findings of our study. The differential sensitivity 
to surgical timing between injury grades pro-

vides a framework for triage decision-making. 
For patients presenting with low-grade dis-
placement, a brief delay to optimize soft tissue 
conditions or manage comorbidities may be 
acceptable without substantially compromising 
outcomes. However, for patients with moder-
ate-to-high-grade injuries, such delay carries a 
meaningful prognostic penalty. We therefore 
advocate for a severity-stratified approach to 
surgical scheduling, wherein high-grade inju-
ries receive priority in operative sequencing.

The independent effects of age, diabetes, and 
BMI on prognosis warrant careful consider-
ation. Older patients demonstrated more pro-
nounced declines in functional scores, which 
may be attributable to diminished ligamentous 
repair and elasticity restoration capacity, 
delayed muscle strength recovery, and reduc- 
ed tolerance of rehabilitation protocols [15]. 
Patients with diabetes experience impaired 
microcirculation, sensory abnormalities, and 
compromised tissue regeneration capacity, 
rendering them more susceptible to chronic 
pain, delayed soft tissue healing, and align-
ment instability. Obesity increases mechanical 
loading on the ankle joint and may elevate 
internal fixation stress, thereby increasing the 
risk of reduction loss and poor functional out-
come [16]. These patient-specific factors high-
light the importance of individualized treatment 
planning that extends beyond the operative 
intervention itself. In our practice, we have 
implemented enhanced perioperative glycemic 
control protocols for diabetic patients, extend-
ed immobilization periods for elderly patients 
with osteoporotic bone, and weight-based 
activity restrictions for obese individuals. 
Future prospective studies should investigate 
whether optimized management of modifiable 
risk factors can improve outcomes in these vul-
nerable populations.

The presence of posterior malleolar fracture, 
Weber C classification, and postoperative loss 
of reduction were also identified as indepen-
dent predictors of poor outcome. According to 
the review by Pollard et al. [17], posterior mal-
leolar fractures contribute substantially to 
ankle stability, and their role in syndesmotic 
rotational stability is often underestimated. 
Inadequate reduction of the posterior malleo-
lus during surgery may obscure control of 
anteroposterior or rotational alignment of the 
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fibula, thereby compromising syndesmotic  
stability. Weber C fractures represent high-
energy injuries with more extensive interosse-
ous membrane damage [18]. The fibula fre-
quently migrates proximally by a significant 
distance, making intraoperative reduction and 
restoration of length technically demanding. 
Postoperative loss of reduction reflects failure 
to maintain alignment and constitutes one of 
the strongest predictors of functional impair-
ment and post-traumatic arthritis. In this study, 
loss of reduction demonstrated a significant 
prognostic effect (P = 0.032). Li et al. [19] 
reported in a prospective study that dynamic 
changes in syndesmotic reduction occurred 
during the first postoperative year. After screw 
removal, reduction may initially improve but 
can subsequently deteriorate with weight bear-
ing. For ankles with gaps of 2 mm or greater, 
complete reduction was associated with opti-
mal outcomes. These findings align with and 
support our mediation analysis results. Our 
experience reinforces the critical importance of 
meticulous posterior malleolar evaluation and 
treatment. We advocate for routine computed 
tomography assessment of the posterior mal-
leolus in all syndesmotic injuries, as conven-
tional radiographs frequently underestimate 
fragment size and displacement. For fragments 
involving greater than 25% of the articular sur-
face or those with significant step-off, we rec-
ommend direct reduction and fixation rather 
than relying on indirect ligamentotaxis.

Xu et al. [20] conducted a meta-analysis com-
paring fixation methods for syndesmotic injury 
and reported that the suture-button group 
achieved significantly higher AOFAS scores at 
3-month and 2-year follow-up. The suture-but-
ton group also demonstrated significantly bet-
ter outcomes in terms of malreduction rates, 
implant failure, implant removal, and local irri-
tation. Published data [21] similarly indicate 
that screw fixation and dynamic fixation 
(TightRope) did not differ significantly in AOFAS, 
OMAS, or FADI scores at one year; however,  
the dynamic fixation group showed greater 
improvement in postoperative pain and earlier 
weight bearing. Chen et al. [22] demonstrated 
that the Rigidloop elastic fixation system main-
tains syndesmotic stability comparable to 
screw fixation while offering faster recovery 
with fewer complications and early functional 
benefits. Further evidence indicates that the 

suture-button group experienced lower rates of 
implant-related problems and reoperations, 
more rapid return to weight bearing, and better 
radiographic stability.

Weng et al. [24] developed a novel syndesmotic 
plate that achieved fixation strength compara-
ble to standard syndesmotic screws. Meekaew 
et al. [25] performed finite element analysis 
and cadaveric validation comparing screw fixa-
tion against Endobutton fixation, demonstrat-
ing that coiling and fixation offer improved sta-
bility in various aspects compared to normal 
syndesmosis. Although the screw model dem-
onstrated superior translational and compres-
sive stability compared to the Endobutton 
model, rotational stability was equivalent 
between the two. These studies indicate that 
while dynamic fixation devices may offer advan-
tages in functional recovery and complication 
rates, fixation method selection in highly unsta-
ble injuries should be individualized according 
to specific injury characteristics.

In a study by Bae et al. [26], it was found that 
anterior inferior tibiofibular ligament (AITFL) 
avulsion fractures occur in rotational ankle 
fractures, and that anatomic reduction and  
fixation may obviate the need for syndesmotic 
screw fixation in 83.3% of cases, with good  
stability and functional outcomes. Direct reduc-
tion and fixation of avulsion fractures may be 
beneficial in the treatment of AITFL injuries. A 
literature review [27] confirmed that accurate 
diagnosis and repair of syndesmotic injury is 
essential for ankle fracture patients, with ongo-
ing exploration of more accurate and simplified 
injury identification methods, improved reduc-
tion success rates, and reduced surgical com-
plications. The systematic investigation by 
Murphy et al. [4] found no statistically signifi-
cant difference in functional outcome at final 
follow-up between dynamic fixation and screw 
fixation; nonetheless, the dynamic fixation 
group experienced lower rates of postoperative 
complications and reoperations. Saraglis et al. 
[28] reported that radiographic assessment 
revealed no statistical differences in imaging 
parameters between the two techniques; how-
ever, the screw group had a higher rate of radio-
graphic malreduction, while the TightRope sys-
tem demonstrated a lower rate. Evidence 
further indicates [29] that suture-button fixa-
tion demonstrates efficacy comparable to tradi-
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tional syndesmotic screws while offering the 
advantages of early weight-bearing and no 
need for routine removal.

For the management of chronic syndesmotic 
injuries, Stake et al. [30] reported outcomes 
using a suture button combined with a quadri-
cortical screw for revision fixation. After a mean 
follow-up of 45 months, the AOFAS score was 
recorded at 87. Although most patients exhibit-
ed radiographic progression of osteoarthritis, 
functional outcomes remained favorable and 
comparable to other studies. This suggests 
that even in the presence of secondary arthri- 
tic changes, active surgical treatment can 
enhance functionality in patients with chronic 
injuries. Oliveira et al. [31] conducted a retro-
spective study involving 49 patients and found 
that suture button fixation of the syndesmosis 
resulted in a mean postoperative AOFAS score 
of 97.06 and a VAS score of 0.16, with no 
instances of postoperative instability. Only two 
cases exhibited suture button-related chang- 
es, and no patients reported dissatisfaction. 
Similarly, Yawar et al. [23] discovered that 9% of 
patients in the TightRope group required reop-
eration for any reason, in contrast to 21% in the 
syndesmotic screw group. All four reoperations 
in the TightRope group were due to implant fail-
ure or symptoms, with only one patient (3%) 
undergoing removal due to persistent pain. 
Published data [32] indicate that the TightRope 
group achieved weight-bearing significantly ear-
lier (6.19±0.9 weeks vs. 7.13±0.95 weeks) and 
demonstrated better functional outcomes at 
six months (87.5% vs. 37.5% achieving excel-
lent AOFAS scores).

Jlidi et al. [33] conducted a prospective study 
comparing modified dynamic suture-button fix-
ation with static screw fixation. The dynamic 
fixation group returned to work faster and 
achieved better AOFAS scores and ankle range 
of motion. Although early skin complication 
rates were higher, late complications did not 
differ significantly. Güngör et al. [21] similarly 
confirmed in their cohort study that dynamic 
fixation was functionally comparable to screw 
fixation, with early full weight-bearing and 
improved pain control being advantages of 
dynamic over screw fixation. Based on our syn-
thesis of the existing literature and our own 
clinical experience, we advocate for a nuanced 
approach to fixation method selection. For 

patients with isolated syndesmotic injury or 
those with high functional demands (such as 
athletes or young laborers), dynamic fixation 
devices may offer meaningful advantages in 
terms of earlier rehabilitation and return to 
activity. However, for patients with severe  
comminution, significant posterior malleolar 
involvement, or highly unstable injury patterns, 
we continue to favor screw fixation - potentially 
combined with plate stabilization - to ensure 
adequate initial stability during the critical heal-
ing phase. The key principle is that the fixation 
method should be tailored to both injury char-
acteristics and patient-specific factors, rather 
than applying a one-size-fits-all approach.

Synthesizing the above evidence, our findings 
are consistent with previous research. Pro- 
gnosis of syndesmotic injury is influenced by 
multiple factors, and injury grade itself does 
not serve as an independent predictor. Surgical 
timing, age, comorbidities, and fracture type 
are the key determinants. Regarding fixation 
method selection, dynamic fixation devices 
such as suture-button, TightRope, and Rigid- 
loop may offer advantages in functional recov-
ery, early weight-bearing, complication rates, 
and reoperation rates. However, for highly 
unstable injuries, fixation method selection 
should still be individualized.

Mediation analysis results further elucidated 
the mechanisms by which injury grade and sur-
gical delay affect prognosis. For the pathway 
from injury grade through loss of reduction at 6 
months (LOR6m) to poor prognosis, the aver-
age causal mediation effect (ACME) was 0.050 
(95% CI -0.006 to 0.106), the average direct 
effect (ADE) was 0.098 (95% CI -0.068 to 
0.264), and the total effect was 0.155 (95% CI 
-0.013 to 0.323). The proportion mediated was 
0.320, but the confidence interval was wide 
(-0.194 to 0.835). The mediation through 
LOR6m suggests a marginal trend that is not 
statistically robust. More complex mechanisms 
- such as soft tissue injury severity, joint con-
tact pressure alterations, and occult rotational 
abnormalities - may underlie this pathway.

For the pathway from surgical delay through 
LOR6m to poor prognosis, the ACME was nearly 
zero (0.001, 95% CI -0.008 to 0.009), indicat-
ing no significant indirect effect. Nonetheless, 
surgical delay demonstrated a significant direct 
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effect (ADE = 0.213, 95% CI 0.138 to 0.288) 
and total effect (0.214, 95% CI 0.141 to 0.287). 
The proportion mediated was negligible (0.002, 
95% CI -0.038 to 0.043). This finding indicates 
that surgical delay exerts its adverse prognos-
tic influence through direct pathways rather 
than through LOR6m. The two pathways differ 
fundamentally: structural factors (injury grade) 
and temporal factors (surgical delay) influence 
prognosis through distinct mechanistic routes. 
The mediation analysis results provide mecha-
nistic insights that refine our understanding of 
prognosis in syndesmotic injury. The fact that 
surgical delay affects outcome primarily 
through direct pathways - rather than through 
loss of reduction - suggests that the adverse 
effects of delay extend beyond purely me- 
chanical considerations. We hypothesize that 
delayed surgery may lead to persistent articular 
cartilage stress, subchondral bone changes, 
and synovial inflammatory alterations that are 
not fully captured by radiographic assessment 
of reduction quality. These multifactorial influ-
ences likely explain why surgical delay remains 
prognostically significant even when adequate 
radiographic reduction is achieved.

From a clinical standpoint, these results sug-
gest that special attention should be directed 
toward the following considerations: First, 
patients presenting with moderate-to-high-
grade syndesmotic injuries should undergo sur-
gery or stabilization within 72 hours whenever 
feasible, to prevent soft tissue degradation. 
Second, posterior malleolar fractures should 
be carefully evaluated, and when indicated, 
anatomically reduced and stably fixed. Third, 
perioperative metabolic status should be opti-
mized in diabetic and obese patients. Fourth, 
intraoperative assessment should meticulous- 
ly evaluate fibular rotation, sagittal alignment, 
and tibiofibular relationship. Fifth, the first  
three postoperative months warrant vigilant 
monitoring for any signs of reduction loss. 
Sixth, fixation method selection should be indi-
vidualized; in patients requiring early functional 
recovery, dynamic fixation devices may be pre-
ferred. We wish to emphasize that our findings 
should not be interpreted as diminishing the 
importance of achieving excellent reduction or 
selecting optimal fixation. Rather, our results 
highlight that technical excellence in the oper-
ating room must be complemented by atten-

tion to the broader clinical context. This holistic 
perspective should inform shared decision-
making discussions with patients and their 
families, helping to set realistic expectations 
and optimize modifiable risk factors.

This study possesses several methodological 
strengths. It is the first to construct a clinically 
practical three-tier classification based on FR 
and SSD and perform large-sample analysis. It 
combines IPTW and PSM dual techniques to 
address baseline imbalance and enhance 
causal inference. It introduces interaction and 
mediation models to reveal underlying mecha-
nisms. However, several limitations warrant 
acknowledgment. This was a single-center ret-
rospective study with potential selection and 
information bias. The high-grade injury group 
had a relatively small sample size, resulting in 
wide confidence intervals for some models. 
Functional follow-up was limited to 6 months or 
longer and cannot fully assess long-term post-
traumatic arthritis development. Future multi-
center, prospective studies with longer fo- 
llow-up are needed to further validate these 
findings. The role of AI-assisted imaging grad-
ing or biomarkers in prediction also deserves 
exploration.

Conclusion

The key for patients with moderate-to-high-
grade syndesmotic injuries lies not in the sever-
ity of the injury itself, but rather in the feasibility 
of early surgical intervention, the ability to 
maintain reduction, and the management of 
any underlying conditions. Although the grading 
system proposed in this study did not serve as 
an independent predictor, its interaction with 
surgical timing offers significant guidance for 
clinical decision-making. These findings can 
facilitate the optimization of individualized 
treatment strategies for ankle fractures accom-
panied by syndesmotic injuries.
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Figure S1. Measurement of ankle dorsiflexion and plantarflexion range of motion. A. Measurement of ankle dor-
siflexion. The subject was positioned supine with the knee in a neutral or slightly flexed position. The axis of the 
goniometer was aligned with the lateral malleolus, the stationary arm with the fibular shaft, and the moving arm 
with the lateral border of the foot. B. Measurement of ankle plantarflexion using the same subject positioning and 
anatomical landmarks as in dorsiflexion measurement. C. Representative image demonstrating the neutral ankle 
position and the alignment of the goniometer with the lateral malleolus (axis), fibular shaft (stationary arm), and lat-
eral border of the foot (moving arm). D. Additional example of ankle dorsiflexion measurement illustrating consistent 
subject positioning and goniometer alignment. Note: ROM, range of motion.


