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Abstract 

This study aimed to evaluate the influence of measuring the length of the 
medial collateral ligament (MCL) to compare the MCL burden when the knee 
joint is placed under valgus stress in the open and closed and closed kinetic 
chain. Two examiners conducted the examination. The MCL length was 
measured using ultrasonography. Two subjects were measured in unload 
bearing and load-bearing positions, with and without valgus stress test at the 
knee joint extension and 30˚ flexion, under eight different measurement con-
ditions. The MCL of the subject was delineated in the longitudinal direction 
using an ultrasound system. The attachment points of the medial femoral and 
tibial condyle of the MCL were identified, and the ligament length was meas-
ured. The MCL rate before and after the valgus stress test in the loading and 
unloading positions was calculated. The MCL length increased by an average 
of 8.9% when the external stress test was performed in the non-weight bear-
ing and knee extension positions and by an average of 17.0% when external 
stress was applied in the non-weight bearing and knee flexion positions. The 
MCL length increased by an average of 12.2% when the external stress test 
was performed in the load-bearing and knee extension positions and an av-
erage of 8.9% when the valgus stress test was applied in load-bearing and 
knee flexion positions. In conclusion, the effect of valgus stress on the MCL 
differs between load-bearing and non-load-bearing positions. It is considered 
that the dynamic stabilization mechanism works in the knee joint flexion po-
sition in the load position and works simultaneously as the static stabilization 
mechanism, which limits the knee joint valgus and reduces the extension rate 
of MCL. Therefore, this study reconsiders the shifting of traditional therapy 
from open kinetic chain to close kinetic chain. 
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1. Introduction 

Of all knee ligament injuries, damage to the medial collateral ligament (MCL) is 
the most common ligamentous injury to the knee [1]. MCL injuries comprise up 
to 40% of all knee injuries [2]. In a 10-year observational study of athletes, it was 
reported that 7.9% of all the knee injuries consisted of MCL tears [3]. The medial 
support mechanism consists of dynamic and static stabilization systems. The 
dynamic stabilization system includes the vastus medialis, sartorius, gracilis, se-
mimembranosus, and semitendinosus muscles. 

The static stabilization system of the knee comprises the MCL and posterior 
oblique ligament (POL) [4].  

The MCL is the most important tissue for the medial knee support mechan-
ism and is divided into two layers: the superficial medial collateral ligament 
(sMCL) and the deep medial collateral ligament (dMCL) [5]. 

The sMCL, dMCL, and POL are the most commonly injured of the knee [6] 
[7] [8]. 

The injuries commonly result from situations in which valgus stress is applied 
to the knee and external rotation stress [9] [10] is applied to the lower leg with 
the foot fixed. It is often injured by tackling, as is often the case in soccer [11]. 

As the knee joint functions to provide support and drive, knee injuries require 
appropriate rehabilitation. Players returning to play in an imperfect condition 
are at risk of re-injury. Therefore, the conditions must be closely monitored.  

In treating MCL injuries, it is important to understand the extent and condi-
tion of the damage correctly and undergo surgery as injury could easily recur if 
restoration of the tissue is incomplete. 

Physical therapy for knee joint injuries generally begins with open kinetic 
chain (OKC) exercises before transitioning to closed kinetic chain (CKC) exer-
cises. In the case of meniscus damage or osteoarthritis of the knee, in which the 
burden on the knee joint varies with load, OKC is first employed, followed by 
CKC. 

Treatment of grade I and grade II MCL injuries is nonsurgical and focuses on 
early rehabilitation. Functional bracing using a hinged knee brace [12] [13] al-
lows early range of motion (ROM) while protecting the knee from further valgus 
blows. ROM and weight-bearing are recommended as soon as the pain subsides 
[14]. 

However, a few studies have been conducted on the burden on the MCL in 
living bodies when the knee joint is in motion to compare differences between 
load-bearing and non-load-bearing positions and investigate their impact on the 
MCL.  

https://doi.org/10.4236/ojtr.2021.91001


Y. Takata et al. 
 

 

DOI: 10.4236/ojtr.2021.91001 3 Open Journal of Therapy and Rehabilitation 
 

As differences in posture and position are expected to affect load in morpho-
logically different ways, we consider it vital to proceed with a physiotherapy 
program to clarify these differences. 

In this study, we measured the length of the MCL to compare the burden on 
the MCL when the knee joint is placed under valgus stress in load-bearing and 
non-load-bearing positions. 

2. Materials and Methods 

Before measurements and in accordance with the Declaration of Helsinki, we ex-
plained the details and purpose of this research to the participants both verbally and 
in writing and obtained their written consent to participate in this research. Subject 
characteristics are shown in Table 1. Our research consisted of two case reports. 

A LOGIC BOOK-XP (GE Yokokawa Medical Systems) was used for ultraso-
nography, and an 8L-RS linear probe was employed. The ultrasonography appa-
ratus was set to B mode, the depth to 2 cm, frequency to 11 Hz, and gain and 
focus were adjusted for clear image depiction.  

The examination was conducted by two examiners: one performed the ultra-
sonography, and the other manually applied valgus stress to the subject’s knee. 
The flexion angle was set at 30˚ [15], at which angle the knee is in a “loose” posi-
tion, and valgus stress was applied by the examiner in the unload-bearing posi-
tions, although it was applied by the examinee himself in the load-bearing posi-
tions. The two examiners were physical therapy students who were taught to use 
the ultrasonograph by a physiotherapist with over 20 years of experience specia-
lizing in orthopedics physical therapy. 

Subjects were measured in non-weight-bearing and weight-bearing positions, 
with and without valgus stress test at knee joint extension and 30˚ of flexion, 
under eight different measurement conditions. 

After the MCL of the subject was delineated in the longitudinal direction us-
ing an ultrasound system, a line was drawn on the contour of the MCL and the 
length was measured. The attachment points of the medial femoral and tibial 
condyle of the MCL were identified, and the length of the ligament was meas-
ured. The MCL rate before and after the valgus stress test in the loading and 
non-loading positions was calculated (Figures 1-8). 

The measurement site was the posterior aspect of the MCL, confirmed at the 
medial side of the knee joint cleft by palpation. 

 
Table 1. Subject characteristics. 

 Subject A Subject B 

Sex Male Male 

Age 21 22 

Height (m) 1.73 1.71 

Weight (kg) 57 59.3 

BMI (kg/m2) 19.0 20.3 
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Figure 1. Knee extended unloaded unstressed. 

 

 
Figure 2. Knee extended unloaded stressed. 

 

 
Figure 3. Knee extended loaded unstressed. 

 

 
Figure 4. Knee extended loaded stressed. 

tibia

fibula
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Figure 5. Knee flexed unloaded unstressed. 

 

 
Figure 6. Knee flexed unloaded stressed. 

 

 
Figure 7. Knee flexed loaded unstressed. 
 

 
Figure 8. Knee flexed loaded stressed. 
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3. Results and Discussion 

Ultrasound images under valgus stress revealed that the knee cleft widens as the 
curve of the MCL straightens and confirms that the MCL tenses. In addition, 
when loaded, the knee cleft narrows, and we can confirm that the tension on the 
MCL slackens (Figures 1-8). 

The results of this study are summarized in Table 2, while Table 3 shows the 
distance between attachments for each subject based on non-valgus stress values. 

Table 3 shows that the length of the MCL increases by an average of 8.9% 
when the external stress test is performed in the non-weight bearing and knee 
extension positions and by an average of 17.0% when the external stress is ap-
plied to non-weight bearing and knee flexion positions. 

In addition, the MCL length increases by an average of 12.2% when the exter-
nal stress test is performed on the weight-bearing and knee extension positions 
and by an average of 8.9% when the valgus stress test is applied in the 
weight-bearing and knee flexion positions. 

In the non-weight bearing position, the MCL lengthening rate during the ex-
ternal stress test was higher in the knee joint extension position than in the knee 
flexion position. In the loaded position, the MCL elongation rate was lower in 
the knee extension position than in the knee flexion position during the valgus 
stress test. 

 
Table 2. MCL length (cm) between the medial condyle of the femur and the medial 
condyle of the tibia, the attachment sites of the MCL, was measured. 

 Load Knee Position Valgus Stress Subject A Subject B Average 

A unload Extended － 1.83 2.09 1.96 

B unload Extended ＋ 1.93 2.35 2.14 

C load Extended － 2.27 2.24 2.26 

D load Extended ＋ 2.59 2.47 2.53 

E unload flexed 30˚ － 2.26 2.36 2.31 

F unload flexed 30˚ ＋ 2.52 2.89 2.71 

G load flexed 30˚ － 2.47 2.45 2.46 

H load flexed 30˚ ＋ 2.71 2.65 2.68 

 
Table 3. Amount of change in MCL before and after the valgus stress test (%). 

Load Measurement Conditions Knee Position Subject A Subject B Average 

Unload B-A extended 5.4 12.4 8.9 

Unload F-E flexed 30˚ 11.5 22.5 17.0 

Load D-C extended 14.1 10.3 12.2 

Load H-G flexed 30˚ 9.7 8.1 8.9 
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In this study, we investigated the elongation rate of MCL in two healthy men 
when the knee joint was extended or the knee joint was flexed 30˚ [15], and val-
gus stress tests were performed in the unloaded and loaded positions. 

In the unloaded position, the MCL extension rate was high in the knee joint 
flexion position, and in the loaded position, the MCL extension rate was high in 
the knee joint extension position. 

At the time of the valgus stress test in the unloaded position, it was reported 
that the stiffness of the MCL against valgus stress was stronger in the knee joint 
extension position than in the knee joint flexion position [16], which was con-
sistent with the results of this study. It is considered that the ACL tension de-
creased in the knee extension position, and the MCL extension rate decreased in 
the knee extension position. 

It has been reported that the lower limb muscles co-contract during lower 
limb exercises in a load position where the foot is in contact with the floor, such 
as a squat [17] [18].  

Co-contraction of the quadriceps femoris and hamstrings [19], sartorius mus-
cle [19], and gracilis muscle [20] has been reported as dynamic stabilization 
mechanisms, and it is considered that these muscle groups were active at the 
load position. It is considered that the dynamic stabilization mechanism works 
in the knee joint flexion position in the load position and works simultaneously 
as the static stabilization mechanism, which limits the knee joint valgus and re-
duces the extension rate of MCL. 

Changing the exercise from the conventional OKC to CKC is considered ap-
propriate for reducing the burden on MCL in physical therapy of MCL, but cau-
tion is required in the knee flexion position regardless of the load.  

The limitations of this work are described as follows. Due to the small number 
of subjects in this study, statistical methods could not be used. In the future, it 
will be necessary to increase the number of subjects and verify the change in 
MCL elongation rate during knee valgus. In this study, we were able to capture a 
simple change in the length of the MCL between the loaded and unloaded posi-
tions, but we could not identify the location where the strain concentration oc-
curred. This should be considered in future studies. This study has identified the 
changes in the length of the MCL when loaded and unloaded; however, we could 
not specify where the strain converged.  
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