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ABSTRACT:

Background: Ankle fractures are among the most common injuries requiring surgical intervention.
Standard radiographs are typically used for postoperative assessment; however, some patients continue
to experience residual symptoms despite satisfactory radiographic outcomes. Weight-bearing computed
tomography (WBCT), though not yet widely integrated into clinical practice, offers potential advantages
in evaluating lower-limb deformities, injuries, and arthritis. This study explores the utility of WBCT for the
midterm assessment following ankle fracture fixation and compares its findings with those obtained from
standard radiographs.

Methods: In this retrospective case study, we analyzed the correlations between the functional outcome
scores approximately one year post-surgery and parameters assessed using WBCT. Pearson’s
correlation coefficient was used to evaluate these correlations, and a t-test was performed to assess
their statistical significance, with a threshold p-value of 0.05. Additionally, Spearman’s rank correlation
coefficient was calculated as a supplementary descriptive measure, without significance testing. These
correlations were then compared with those obtained from standard ankle radiographic views
(anteroposterior, lateral, and mortise).

Results: Several correlations were identified between WBCT parameters and functional scales, with
certain parameters demonstrating high statistical significance (p < 0.05). Overall, the correlations
observed for WBCT were stronger than those for standard radiographs.

Conclusions: Although the study cohort was limited, the findings suggest that WBCT may provide
additional insights beyond conventional radiography. Further research with larger patient groups is
needed to establish its clinical relevance.

(Source: Malik M (2025), Diagnostics, licensed under CC BY 4.0)
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(Source: Malik M (2025), Diagnostics, licensed under CC BY 4.0)

Calculations were performed as follows:
For each patient, three surgeons performed measurements of the parameters twice at three different levels for both ankles, 
resulting in a total of 18 values per parameter. The mean values from these measurements were then calculated and used for 
further analysis. Differences between the injured and non-injured sides were computed, and absolute values were recorded for 
statistical evaluation. Measurement reliability was assessed using the intra-class correlation coefficient (ICC) to determine both 
intra-rater and inter-rater reliability. The standard deviation (SD) for each parameter was also calculated.

For WBCT analysis, parameters focusing on tibial incisura anatomy were selected:
1. Depth of the incisura (depth);
2. Engagement of the fibula within the incisura (engagement);
3. Rotation of the incisura (rotation);
4. Protrusion of the fibula within the incisura (protrusion);
5. Torsion of the fibula (torsion).

For the radiograph assessments, parameters commonly used for ankle evaluation were employed:
1. Ankle joint space;
2. Medial clear space;
3. Lateral clear space;
4. Fibular overlap;
5. Syndesmosis width (mortise view).

Functional scales selected for the study:
1. Visual Analogue Score Hindfoot-Ankle (VAS-HA)
2. European Foot and Ankle Society (EFAS) Score
3. American Orthopedic Foot and Ankle Society (AOFAS) Score
4. Olerud–Molander Ankle Score (OMAS)
5. Foot and Ankle Ability Measure (FAAM)
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Figure 1.  Depth (red). 

Some of the parameters for WBCT presented below.
(Source: Malik M (2025), Diagnostics, licensed under CC BY 4.0)

Figure 2. Engagement (pink)

Figure 3. Protrusion (brown)

Figure 4. Torsion (angle between orange lines 
[healthy side] or light blue lines [affected side])
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(Source: Malik M (2025), Diagnostics, licensed under CC BY 4.0)

Results

WBCT parameters showed stronger correlations with functional outcomes compared to radiographs. The parameter
"fibula engagement" correlated with the VAS-HA (p=0.047), EFAS (p=0.085), FAAM (p=0.01), and Olerud-Molander
scales. "Fibula protrusion" correlated with FAAM (p=0.04). Radiographs demonstrated weaker correlations with no 
parameter where p-value was <0,05. The FAAM scale showed the most significant associations, while AOFAS and 
Olerud-Molander scales showed the least.

VAS-HA Correlation

WBCT Parameter Pearson Spearman’s p-value

Depth −0.1477102 −0.0083426 0.43556837

Engagement −0.3644136 0.40122358 0.04708882

Rotation 0.09818077 −0.0804227 0.60547187

Protrusion −0.241647 0.27230256 0.19756955

Torsion −0.2158447 0.26362625 0.2513249

Radiograph Parameter

Ankle Joint Space −0.0830054 0.09888765 0.66255783

Lateral Clear Space −0.1838207 0.21279199 0.3303087

Medial Clear Space 0.03794588 0.02847608 0.84210519

Fibular Overlap −0.0595995 0.21212458 0.75424124

Syndesmosis Width (Mortise) −0.1323589 0.24276974 0.48527109

FAAM Correlation

WBCT Parameter Pearson Spearman’s p-value

Depth −0.18584 −0.02703 0.324913

Engagement −0.45669 0.431146 0.010847

Rotation −0.08174 −0.00634 0.667414

Protrusion −0.37582 0.339822 0.040087

Torsion −0.1369 0.174082 0.470262

Radiograph Parameter

Ankle Joint Space −0.2398 0.261958 0.201124

Lateral Clear Space −0.22272 0.107119 0.236158

Medial Clear Space 0.189204 −0.02781 0.316076

Fibular Overlap 0.006599 0.06396 0.972376

Syndesmosis Width (Mortise) −0.18155 0.359121 0.336428
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(Source: Malik M (2025), Diagnostics, licensed under CC BY 4.0)

Discussion

1. Is Weight Bearing Truly Necessary?
The reliability of equal weight distribution in weight-bearing imaging is questionable, especially given small sample sizes and variability in patient performance. While minor 
variations in load (e.g., 40–60%) may not affect healthy ankles significantly, they could impact measurements in pathological cases. WBCT conditions differ from plain radiographs, 
requiring further study. However, most literature supports weight-bearing imaging due to its impact on bone alignment and diagnostic accuracy, especially in surgical planning.
2. Why Not Use Classical CT Instead of WBCT?
Classical CT lacks the biomechanical context provided by weight bearing. While load simulators exist, they are limited and not equivalent to standing WBCT. Additionally, WBCT 
offers lower radiation, faster exams, and potential cost benefits. The diagnostic accuracy of WBCT is superior in detecting syndesmotic injuries, justifying its use.
3. Is Radiography Alone Sufficient?
Radiographs are accessible and low-radiation but often insufficient for precise syndesmosis assessment. Correlation with functional outcomes was weak in our study, with most 
radiographic measurements showing no statistical significance. WBCT demonstrated better diagnostic performance and should be further explored in larger cohorts.
4. Is a One-Sided Exam Reliable Compared to Bilateral Assessment?
Unilateral imaging may miss asymmetries or anatomical variants. Bilateral exams, although more demanding, provide essential comparative data, especially preoperatively. Our study
confirms the need for bilateral assessment due to variability among patients.
5. What About Perioperative Assessment?
Early postoperative WBCT is limited by patient restrictions, though some studies suggest safe weight bearing after 2 weeks. Preoperative WBCT appears more promising, and future
research could explore seated cone beam imaging as a non-weight-bearing alternative.
6. Are the Measurements Too Complex?
Manual measurement is time-consuming but yielded high reliability in our study (ICC > 0.9). While automated tools could improve efficiency, they are not yet widely used. Our
findings help identify the most promising parameters for further exploration.
7. Availability and Costs
WBCT availability in Poland is limited. Although it can be cost-effective in high-volume settings, financial viability remains a concern when usage is low.
8. New and Similar Studies on the Topic
Recent studies confirm WBCT's value in syndesmosis diagnostics, despite differing methods. As standardization improves and costs decrease, WBCT is likely to see broader adoption.
9. Limitations
Our study included 30 patients, with no subgroups or long-term follow-up, which may affect statistical strength. Some parameters and projections were omitted for simplicity, and 
manual measurements introduced
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Conclusions

The null hypothesis, which assumed no correlation between the functional scales and radiological parameters, was rejected based
on our findings. Instead, our results support the alternative hypothesis, indicating that specific WBCT-derived measurements
demonstrate statistically significant correlations with the functional outcomes. While this suggests that WBCT could be a valuable
tool in midterm postoperative evaluation, further studies with larger cohorts are needed to validate these findings and refine the
interpretation of specific parameters.

Importantly, our study was not designed to compare weight-bearing with non-weight-bearing imaging or to determine whether
weight-bearing assessments inherently provide superior results. Rather, it aimed to investigate the association between imaging
parameters and functional status in a clinically relevant, weight-bearing setting. Nevertheless, our results indicate that standard
radiographs exhibited considerably weaker correlations with functional scales than WBCT, suggesting that WBCT may offer a
more precise and informative evaluation of joint integrity and alignment following ankle fracture fixation.

These findings open up significant opportunities for further research in this field. A crucial next step would be to repeat the study on
a larger patient cohort to enhance statistical power and improve the generalizability of the results. Additionally, conducting
subgroup analyses could provide insights into whether specific fracture patterns or treatment methods influence the correlation
between the radiological parameters and functional outcomes. Another important aspect would be the long-term follow-up of
patients to determine whether the observed correlations remain stable over time and whether WBCT parameters can serve as
predictive markers for long-term clinical outcomes.

Future research should also explore additional radiological parameters used in other studies to refine the understanding of their
clinical relevance. Moreover, assessing the clinical significance of imaging findings in relation to real-world functional impairment
could help bridge the gap between radiological assessments and patient-reported outcomes. Comparisons with conventional 3D
imaging techniques such as CT and MRI may further clarify the advantages and limitations of WBCT in postoperative evaluation.

Another potential area of investigation is the impact of weight bearing on imaging results. Performing WBCT scans under both
standing and seated conditions could help determine whether weight application significantly alters measurement outcomes.
Additionally, it would be valuable to assess the reliability of standard radiographs by evaluating whether repeated imaging yields
consistent results, thereby determining the reproducibility and accuracy of conventional radiographic assessments in postoperative
monitoring.

By addressing these aspects, future studies could further establish the role of WBCT in postoperative evaluation, optimize
measurement techniques, and provide valuable insights into its clinical applications.

(Source: Malik M (2025), Diagnostics, licensed under CC BY 4.0)
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(Source: Malik M (2025), Diagnostics, licensed under CC BY 4.0)
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