
Detection of Degenerative Meniscus Changes 6 and 24 months after 

Anterior Cruciate Ligament Reconstruction
Tom Gale1, James Irrgang1, Freddie Fu1, Scott Tashman2

1Biodynamics Laboratory, Department of Orthopaedic Surgery, University of Pittsburgh, Pittsburgh PA
2University of Texas Health Science Center, Houston, TX

www.bdl.pitt.edu

Introduction

Discussion

References and Acknowledgement 

Results

Methods

Background 

• Damage to meniscus is common with ACL injury1

• There are limitations in arthroscopic characterization of meniscus 

damage2

• MRI allows for noninvasive quantification of tissue change3-5

Aim

• Determine if there are early changes and/or changes over time in 

meniscus after ACL-R

• Propose novel method of detecting changes in meniscus by 

measuring cross sectional area (CSA)

Hypotheses

• Side-to-side difference (SSD) in meniscal volume and CSA 6 

month after ACL-R exists

• Changes exists in meniscal volume and CSA from 6 to 24 after 

ACL-R

• Greater SSD at 6 month would correlate with greater meniscal 

loss from 6 to 24 months

Subjects

• Twenty two participants (14 male, 8 female; age: 19.0± 3.7 years) 

that underwent unilateral anatomical ACL-R with no concomitant 

injuries were retrospectively considered for the study6

• Although the average volume and CSA of the meniscus 

decreased, the correlation showed that early increase in 

volume/CSA correlated with a significant decrease over time

• This result is similar to cartilage degeneration seen after ACL 

injury, where hypertrophy precedes degeneration7

Clinical significance

• Strong correlations between early side-side difference and 

changes over time suggests that measures of early SSD may be 

useful in predicting changes in meniscus over time after ACL-R
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Data Collection

• MRI was collected at 6 and 24 months after ACL-R using 3-Tesla 

Siemens Magnetom Trio system MRI 3D-DESS sequence (0.365 

x 0.365 x 0.70 mm, flip angle=25°, TE=4.7ms, TR=16.3ms) 

Data Processing

• Meniscus volume was 

reconstructed by manual biplanar 

segmentation in Mimics

• Meniscus model was 

separated into anterior horn, 

mid-body, and posterior horn 

sections (Figure 1)

• CSA of each section was also 

calculated 

(Figure 2)

• SSD and 6 to 24 month 

change of volume and CSA for 

each section were calculated 

for each subject. 

• SSD and change over time tested 

using Wilcoxon Signed Rank Test; 

correlation between SSD and 

change over time tested using 

Spearman’s Rho

• Intraclass Correlation Coefficient 

(ICC) calculated to determine 

repeatability of the segmentation
Figure 2: Cross Sectional Area 

(top) calculated at each cutting 

plane (bottom) (blue line current 

cutting plane). Cutting plane 

calculated as normals at midpoint 

of line connecting each boundary 

ellipse points.

• CSA decreased at 6 months 

found for medial meniscus 

mid-body (-7.03%, p<0.01) 

and posterior horn

(-8.92%, p<0.01) sections 

(Figure 3)

Figure 3: Meniscus volumetric and cross sectional 

area differences between ACL-R knee and 

contralateral knee.

Figure 4: Meniscus volumetric and cross sectional 

area differences between 6 and 24 months after 

ACL-R.

Volume SSD - 6 to 24 month change

Medial Lateral

Anterior Mid-Body Posterior Anterior Mid-Body Posterior

ρ=-0.700 ρ=-0.503 ρ=-0.660 ρ=-0.714 ρ=-0.339 ρ=-0.657

p<0.001 p=0.017 p=0.001 p<0.001 p=0.112 p=0.001

CSA SSD - 6 to 24 month change

Medial Lateral

Anterior Mid-Body Posterior Anterior Mid-Body Posterior

ρ=-0.766 ρ=-0.361 ρ=-0.730 ρ=-0.659 ρ=-0.406 ρ=-0.757

p<0.001 p=0.099 p<0.001 p=0.001 p=0.061 p<0.001

Table 1: Spearman’s Rho correlation coefficient 

between meniscus volume SSD and 6 to 24 month 
volume change

Table 2: Spearman’s Rho correlation coefficient 

between meniscus CSA SSD and 6 to 24 month CSA 
change

• Meniscal volume decreased 

over time for lateral 

meniscus anterior horn 

(-7.62%, p<0.05) and 

posterior horn 

(-8.62%, p<0.05) sections 

(Figure 4)

• CSA also decreased 

significantly over time in all 

sections (Figure 4)

• Increase in volume at 6 

months significantly 

correlated with an 

decrease in volume from 

6 to 24 months in all 

sections (Table 1)

• Increase in CSA at 6 

months was significantly 

correlated with an 

decrease in CSA from 6 

to 24 months in the 

anterior horn and 

posterior horn sections of 

both the medial and 

lateral meniscus

(Table 2)

Figure 1: Meniscus separated 

into anterior horn (blue), mid-body 

(green), and posterior horn (red). 

Medial side shown.


