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• Complete injury to the medial collateral ligament (MCL) 

leads to valgus instability of the knee. 

• In cases of combined or persistent injury, differentiating 

between partial and complete MCL injuries during 

examination under anesthesia is critical in determining 

next steps. 

• While qualitative assessment of medial knee laxity has 

been reported during arthroscopic procedures, quantitative 

arthroscopic measurements for diagnostic purposes have 

not been described. 

BACKGROUND
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To quantify the severity of medial knee ligament injuries using digital arthroscopic 

measurements of the medial compartment.

PURPOSE



METHODS

• In 8 cadaveric specimens, digital arthroscopic 
measurements were performed to measure the 
distance between the center of the medial tibial 
plateau and the medial femoral condyle, termed the 
medial tibiofemoral distance. 

• Measurements were performed in the intact state and 
repeated after sequential transection of the superficial 
MCL (sMCL), deep MCL (dMCL), posterior oblique 
ligament(POL), and anterior cruciate ligament(ACL). 

• Knees were evaluated at 00 and 200 of knee flexion 
using the Telos device under 0N and 100N of valgus 
force. 



METHODS

• Arthroscopic images were obtained in each injury 
state.

• Measurements on arthroscopic images were performed 
using Image J.

• One-way ANOVA with post-hoc Tukey HSD - To test 
for significant differences in medial tibiofemoral 
distance between each stage of ligament transection, 
and at each sequential stress measurement. 

• Area under the receiver operating characteristic (ROC) 
curve analysis and Delong test - To determine the 
determine whether measurements could distinguish 
between successive severity of MCL injury. 

• Youden’s J statistic - To determine the optimal cutoff 
value for each injury state. 
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RESULTS

Table 1. Measurements of the medial tibiofemoral distance based on arthroscopic evaluation are shown comparing 
the intact state with subsequent transection.

Abbreviations: mm, millimeters; SD, standard deviation; %, percentage; sMCL, superficial medial collateral ligament; dMCL, deep 
medial collateral ligament; POL, posterior oblique ligament; ACL, anterior cruciate ligament.

b Statistically significant change compared with the previous transected stage

Stage 0 degree knee flexion 20 degree knee flexion
Unloaded (0N) Loaded (100N) Unloaded (0N) Loaded (100N)

Mean + SD

(mm)

Mean + SD

(mm)

Mean + SD

(mm)

Mean + SD

(mm)
Intact 1.3±0.4 1.5±0.3 1.6±0.4 1.8±0.3
sMCL 1.7±0.3 2.6±0.4 b 2.0±0.3 3.0±0.4 b

sMCL+ dMCL 2.5±0.6 b 3.5±0.8 b 3.0±0.7 b 4.1±0.9 b

sMCL+ dMCL + 

POL

2.7±0.6 3.9±0.8 3.9±0.5 b 5.0±0.7 b

sMCL+ dMCL + 

POL +ACL

3.5±0.8 b 5.1±0.8 b 4.7±1.0 b 6.2±1.1 b



RESULTS

• In intact knees, the medial tibiofemoral distance was 1.8 mm 
at 20 degrees of knee flexion under valgus load. When the 
sMCL, dMCL, POL, and ACL were sequentially sectioned, 
medial tibiofemoral distance was 3.0mm, 4.1mm, 5.0mm, 
and 6.2mm, respectively, at 20 degrees of knee flexion with 
valgus load (p-values ranging from 0.002 to <0.001). 

• The optimal threshold to detect sMCL injury was 2.3mm 
(AUC = 1.00), complete sMCL/dMCL injury 3.5mm (AUC 
= 0.98), additional POL injury 4.6mm (AUC = 0.95), and 
additional ACL injury 5.6mm (AUC = 0.96). 

• When differentiating partial from complete (superficial and 
deep) MCL injuries, 3.5mm of medial tibiofemoral distance 
(AUC = 0.98; sensitivity = 93.8%; specificity = 100.0%) 
was the optimal threshold to distinguish stable from unstable 
injuries.

Intact state Superficial and deep 
MCL deficient state



CONCLUSION

• Digitally aided arthroscopic measurements can accurately determine the 
severity of medial knee ligament injury based on quantification of medial 
compartment gapping. In this study, a medial tibiofemoral distance >3.5 
mm at 20 degrees knee flexion under valgus force indicated presence of 
complete MCL injury with a diagnostic accuracy of 93.8%. 

• Arthroscopic quantification of medial compartment gapping may aid in 
specifying the severity and location of medial knee injury. Further studies 
are recommended to determine the applicability of these findings in the 
diagnosis and management of MCL injuries.
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