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Weight-bearing CT of joints can provide important new clinical 
information in musculoskeletal radiology. (AJR, Vol 200, Number 1)

The American Orthopedic Foot & Ankle Society recommends weight bearing 
imaging, when possible, to get the most accurate assessment of the foot & ankle. 
(AOFAS “Choosing Wisely” Guidelines)

§ 150+ peer-reviewed published studies
§ Established research org– International WBCT Society 
§ Incorporated into renowned university foot and ankle sections

§ Hospital for Special Surgery
§ Duke Orthopedics
§ University of Iowa Orthopedics
§ University of Pennsylvania
§ University of Colorado
§ University of Utah Orthopedics 
§ Massachusetts General Hospital

Evidence-Based Research





OBJECTIVES

PRIMARY
Evaluate functional results 2 years after reconstruction Failure rate

IKDC 
Lysholm

SECONDARY

Assess morbidity at the donor site
AOFAS 
WBCT

Effects of peroneus longus harvesting for ACL 
reconstruction

André Giardino MD
University of São Paulo





Weight-bearing computed tomography (WBCT) provides:

• Three-dimensional (3D)
• High-resolution imaging with patients in either a unipodal or bipodal

stance
• Visualization of dynamic joint alterations that might be missed in

conventional radiographs or in non–weight-bearing exams (CT or MRI)

Weight-bearing computed tomography in 
knee pathologies: current evidence and 

future perspectives



Three-dimensional imaging 
acquisition with physiological 

load

Main advantage



1. Protocol description: Assessment of knee instability in ACL-injured knees using weight-bearing computed
tomography (WBCT) – published Skeletal Rad

2. Evaluation of knee instability (ATT and FTR) using WBCT in patients with ACL tears: Quantifying anterior
tibial translation and rotation in chronic ACL-deficient knees: a prospective, observational study using weight-
bearing CT – published Skelet Rad

3. Comparison of MR versus WBCT measurements of ATT and FTR in patients with chronic ACL tears – under 
review

4. Correlation between WBCT measurements of ATT and FTR and the orthopedic physical exam (Lachman and 
Pivot-shift) in patients with ACL tears (ongoing study)

5. Evaluation of tibial slope on WBCT in patients with ACL injury (under review)

6. Assessment of knee instability before and after ACL reconstruction using WBCT

Knee/ACL & WBCT -  Ongoing 
projects



Assessment of knee instability in ACL-injured
knees using weight-bearing computed tomography

(WBCT): Protocol description

Renata V Leao, MD



Assessment of knee instability in ACL-injured
knees using weight-bearing computed

tomography (WBCT): Protocol description



• Tibial translation

Assessment of knee instability in ACL-injured
knees using weight-bearing computed

tomography (WBCT): Protocol description



• Femorotibial rotation

Assessment of knee instability in ACL-injured
knees using weight-bearing computed

tomography (WBCT): Protocol description





• Purpose: To compare ATT and FTR 
measurements obtained from WBCT 
and conventional MRI in patients with 
chronic ACL tears.

• WBCT may provide clinically relevant 
information on functional instability 
that complements MRI and may assist 
in preoperative assessment and surgical 
planning in patients with chronic ACL 
deficiency. 

Comparative analysis of anterior tibial translation and femorotibial
rotation on MRI versus weight-bearing CT in chronic anterior cruciate

ligament tears: a prospective observational study



• MRI remains the reference standard for confirming ACL disruption and associated 
intra-articular pathology

• WBCT enables quantitative evaluation of compartment-specific anterior tibial 
translation and rotational instability under physiologic load

• WBCT may be particularly valuable in patients with:
1. Discordant clinical and MRI findings
2. Suspected rotational instability
3. Persistent symptoms, where conventional supine MRI may underestimate 

functional instability
4. Standalone modality for follow-up, allowing simultaneous assessment of load-

dependent instability and osseous parameters such as tunnel positioning and bone 
consolidation 







• MRI remains the reference standard for confirming ACL disruption and associated 
intra-articular pathology

• WBCT enables quantitative evaluation of compartment-specific anterior tibial 
translation and rotational instability under physiologic load

• WBCT may be particularly valuable in patients with:
1. Discordant clinical and MRI findings
2. Suspected rotational instability
3. Persistent symptoms, where conventional supine MRI may underestimate 

functional instability
4. Standalone modality for follow-up, allowing simultaneous assessment of load-

dependent instability and osseous parameters such as tunnel positioning and bone 
consolidation WBCT less expensive and faster than MRI



Quick Acquisition

Reduced scanning time compared to MRI, improving clinical 
workflow and patient comfort.

Cost-effectiveness

Lower operating costs compared to 
conventional magnetic resonance imaging.

Physiological load examination of the knee

It allows for full-length scanning under physiological load 
conditions, replicating real-life situations.

Post-Operative Evaluation

It allows for simultaneous evaluation of 
postoperative parameters such as tunnel 
positioning and bone consolidation.

Advantages of WBCT



• Objective: Our study aims to introduce a
novel imaging technique for in vivo
documentation of the stabilization effect
after ACL reconstruction, utilizing weight-
bearing CT (WBCT) in patients with ACL
tears.

• Images acquired before and 6 months-1
year after reconstruction

• Hypothesis: We’ll demonstrate a reduced
ATT and FTR following ACL surgical repair,
as compared to pre-operative images.

Medial Lateral

Assessment of knee instability before and after ACL 
reconstruction using WBCT



Measurements

Anterior tibial translation
Measure separately in the medial and lateral compartments

WBCT



Delta ATT Quad BTB Hs

L Flexion -0.26 1.9 1.02
• 3 months

Delta ATT Quad BTB Hs

L Flexion 0.56 -0.72 -3.26
• 1 year

Difference in ATT
after ACL recon



• Objective characterization of instability –
Lachmeter (less precise than WBCT)



• Purpose: To correlate the measurements of 
ATT and FTR obtained from WBCT with 
preoperative orthopedic clinical examination 
findings (Pivot-shift and Lachman tests).

• Does the WBCT allow for a reliable and 
objective assessment of knee instability?

• Is there a correlation between the instability 
assessed in WBCT and standard clinical 
instability assessment tests?

Correlation between WBCT measurements of ATT and FTR 
and the orthopedic physical exam (Lachman and Pivot-

shift) in patients with ACL tears 



Problem...
● Radiation (12.6 µSv)

● Lower radiation exposure compared with conventional 
multidetector CT (MDCT) (27–48 µSv)

● Higher than that of standard plain radiographs (1.2–1.8 µSv)



• Objective: To measure the anatomical 
posterior medial and lateral tibial slope 
in knees with complete ACL rupture on 
WBCT and correlate the obtained 
measurements with the degree of ATT in 
30-degree flexion images.

• Secondary Objective: To compare the 
slope values obtained in WBCT of 
patients with complete ACL ruptures 
with the slope measurements of 
contralateral knees with intact ACL.

Lateral Slope - WBCT Medial Slope - WBCT

Evaluation of tibial slope on WBCT in patients with 
ACL injury



• Objective: To measure the anatomical 
posterior medial and lateral tibial slope 
in knees with complete ACL rupture on 
WBCT and correlate the obtained 
measurements with the degree of ATT in 
30-degree flexion images.

• Secondary Objective: To compare the 
slope values obtained in WBCT of 
patients with complete ACL ruptures 
with the slope measurements of 
contralateral knees with intact ACL.

Evaluation of tibial slope on WBCT in patients with 
ACL injury



Posterior 
tibial 
slope

Medial Lateral



At least 10cm of the
tibia are needed for an
adequate measurment



Steeper Medial Tibial Slope Correlates with Increased Sagittal
Knee Instability in Chronic ACL Injury: A Pilot Study Using

Weightbearing CT

● Direct correlation between the medial
and lateral slopes (r = 0.528, p = 0.010)

● Direct correlation between the medial
slope and medial anterior tibial
translation (r = 0.427, p = 0.042),
indicating that greater medial slope
values were associated with greater
medial anterior translation.



Future perspectives
● Artificial intelligence and machine learning algorithms may facilitate

automated three-dimensional measurements
● WBCT datasets also hold promise for 3D printing applications
● Integration of WBCT with computer-assisted surgical navigation and

robotic systems may enable more accurate, functionally informed
alignment strategies in procedures such as osteotomies



Take home message

• Think of WBCT as an easily accessible 3D technology
• It is a quick exam with the potential to deliver a lot of data
• Protocols for assessing knee instability already established
• Great alternative for accurate measurement of the tibial
slope and associated anterior translation

• Good option for post-op follow up
• Negative points: radiation, so far there is still a lack of
standardized acquisition and measurement protocols in
most of knee pathologies



Muito Obrigado!
Thank you!

Gracias!
camilo_helito@yahoo.com.br
Twitter: @camilo_helito
Instagram: drcamilo_helito


