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Background

1 Griffin DR, Dickenson EJ, O'donnell J, et al. The Warwick agreement on femoroacetabular impingement syndrome (FAI syndrome): an international consensus statement. Br J Sports Med. 2016;50: 1169-1176 

- Hip condition: premature contact between 

the proximal femur and the acetabulum1

- Incidence of 20% in young athletes and 

active adults (US population)1

Femoroacetabular impingement syndrome (FAI)
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Background

In vivo test

In silico test

In vitro test
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Musculoskeletal Models

- Musculoskeletal (MSK) models include representations 

of bones, joints, ligaments and muscles

- Input data: kinematics and forces

- Output data: joint moments, muscle forces and joint forces
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Literature on FAI - MSK models

Gait:
- Motion task most commonly investigated
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- Inconsistent results in the literature
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Literature on FAI - MSK models

Gait:
- Motion task most commonly investigated

- End of hip range of motion not involved

- Inconsistent results in the literature

Single Leg Squat:
- Motion task scarcely investigated 

- End of hip range of motion is reached

- High forces at the hip

Double Leg Squat:

- Motion task less investigated than gait

- End of hip range of motion is reached

- Low forces at the hip
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Aim of the Study

Comparison of Hip Joint Forces (HJF) during gait, double leg 

squat and single leg squat between healthy controls and 

patients with FAI 

- 

Comparison of HJF between healthy leg and injured leg in 

patients with FAI

- 

It can be hypothesized that HJF will be lower in people with FAI- 
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Methods
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MSK models in AnyBody

Model 
Twente Lower Extremity Model 

(TLEM-version 2.1) 

TrialSpecificData.any

- Selection of the C3D file and its initial/final frames 

-  Marker protocol tuning

MarkerProtocol.any 

- Anthropometric data given in input

SubjectSpecificData.any 

Model Configuration Files

Static trial

Dynamic trial

Static and Dynamic trials
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Motion Tasks Analyzed

Gait Double leg squat Single leg squat

10 controls 10 controls 8 controls

10 patients with FAI 10 patients with FAI 8 patients with FAI 
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Comparison of HJF during different tasks

Gait Double leg squat Single leg squat
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Comparison of HJA and HJF during different tasks

Double leg squat

Single leg squat
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Comparison of HJA and HJF during different tasks

Double leg squat

Single leg squat
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Discussions
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Main findings

Strategy to avoid pain during this high demand 
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- Single leg squat: Lower proximodistal HJF in 

patients with respect to controls
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Main findings

- Single leg squat: Lower flexion HJA 

between patients and controls

- Double leg squat: No differences in 

terms of flexion HJA

Focus on proximodistal HJF when dealing with 

patients with FAI

Strategy to avoid pain during this high demand 

task

- Single leg squat: Lower proximodistal HJF in 

patients with respect to controls

Lower proximodistal HJF during these tasks
- Gait and double leg squat: No differences in terms 

of flexion HJA between patients and controls
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Conclusions

Next steps
More complex MSK models can be implemented:

- Subject specific hip geometry from MRI reconstruction

- Analysis of hip muscles behaviors from EMG data 

Background
- Femoroacetabular Impingement Syndrome

- Musculoskeletal models

Methods
- Implementation of MSK models in AnyBody

Results and Discussion
- Lower proximodistal HJF for patients with FAI during single leg squat (high demand task)
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