
*

1

Longitudinal	Changes	In	Thigh	Musculature	Following	
Anterior	Cruciate	Ligament	Tear:	

A	Between-Subject	Matched	MRI	Quantitative	Analysis	On	Osteoarthritis	
Initiative	Data

Jean	Fleuriscar,	MD1 Bahram	Mohajer2,	MD-MPH	 Shadpour	Demehri,	MD3	Bashir	Zikria,MD MSc.1
1	Department	of	Orthopaedic	Surgery,	Johns	Hopkins	University	Hospital	,	Baltimore,	MD
2	Department	of	Radiology,	Hospital	of	the	University	of	Pennsylvania,	Philadelphia,	PA

3	Department	of	Radiology, Johns	Hopkins	University	Hospital	,	Baltimore,	MD



Financial Disclosures
• Jean Fleuriscar

– None
• Bahram Mohajer

– None
• Shadpour Demehri

– None
• Bashir Zikria

– None

2



Introduction

The effects of ACL rupture on thigh musculature are not 
completely understood. Prior research has primarily 
focused on acute quadriceps dysfunction or cross-
sectional comparisons, but the long-term trajectory of 
muscle adaptations has not been well-documented. Given 
the critical role of thigh musculature in knee stability post-
injury, a longitudinal analysis is essential to assess 
changes in muscle size, composition, and quality. 
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Objective

To evaluate longitudinal changes in 
muscle mass and composition in patients 
with ACL-deficient individuals compared 
with ACL-intact controls
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Materials and Methods

• We utilized MRI data from the Osteoarthritis Initiative to examine long-term 
muscle changes in individuals with MRI-confirmed ACL tears who have not 
undergone surgical repair, compared to ACL-intact controls. 

• MRI scans were assessed at baseline, 2 years, and 4 years, with a validated 
deep learning method used for automated thigh segmentation. 

• The analysis focused on changes in muscle mass, including cross-sectional 
area (CSA), as well as muscle composition biomarkers such as intra-muscular 
adipose tissue (intra-MAT), contractile percentage (non-fat muscle CSA/total 
muscle CSA), and specific force (force per CSA) as a marker of muscle quality. 

• Propensity-score matching was used to pair ACL-injured individuals with 
controls, allowing for a comparative assessment of four-year longitudinal 
muscle deterioration. 
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Patients
• 348 propensity score-

matched (PS-matched) 
(92 with ACL tears and 
256 with intact ACLs) 
were analyzed. 

• Mean age of 
participants was 61 ± 9 
years

• Female-to-male ratio of 
0.4
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Baseline Differences
• ACL had smaller CSA in all muscle groups, and knee flexor/extensor forces at 

baseline (standardized mean difference or SMD >0.1)
• Thighs of knees with ACL tear had higher specific force in the quadriceps and 

lower in flexors.
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Longitudinal Changes
• Longitudinal assessment of 

muscle biomarkers showed 
ACL tear was associated with 
decreased flexor and Sartorius 
CSA, and decrease in flexor 
muscle group force. 

• There were no changes in 
muscle composition(intra-
MAT, contractile percentage) 
or muscle quality 
biomarkers(force per CSA).
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Summary
• ACL tear was associated with reduced thigh muscle size and 

force at baseline 
• No significant longitudinal changes were observed in muscle 

composition or quality following ACL tear
• Similar to previous studies, we found that baseline quadriceps 

size was smaller in ACL-deficient thighs
• Our study found no longitudinal quadriceps size in ACL-

deficient knees 
• Further research on the impact of ACL repair on flexor-

extensor muscle dynamics is warranted.

9



References
• Schwartz AL, Koohestani M, Sherman DA, Stock MS, Norte GE. Knee Extensor and Flexor Force Control 

after ACL Injury and Reconstruction: A Systematic Review and Meta-Analysis. Med Sci Sports Exerc. 
2025 Feb 1;57(2):238-251. doi: 10.1249/MSS.0000000000003574.

• Thomas AC, Villwock M, Wojtys EM, Palmieri-Smith RM. Lower extremity muscle strength after anterior 
cruciate ligament injury and reconstruction. J Athl Train. 2013 Oct;48(5):610–20.

• Moghamis I, Abuodeh Y, Darwiche A, Ibrahim T, Al Ateeq Al Dosari M, Ahmed G. Anthropometric 
correlation with hamstring graft size in anterior cruciate ligament reconstruction among males. Int Orthop. 
2020 Mar;44(3):577-584. doi: 10.1007/s00264-019-04452-5.

• Salman LA, Moghamis IS, Hatnouly AT, Khatkar H, Alebbini MM, Al-Ani A, Hameed S, AlAteeq Aldosari
M. Correlation between anthropometric measurements and graft size in anterior cruciate ligament 
reconstruction: a systematic review and meta-analysis. Eur J Orthop Surg Traumatol. 2024 Jan;34(1):97-
112. doi: 10.1007/s00590-023-03712-w

10


