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nstability of the knee after injury to the medial 
collateral ligament (MCL) is still a serious 

problem in patients with multiple ligament injuries.  In 
particular,  when the anterior cruciate ligament (ACL) 
or the posterior cruciate ligament (PCL) is injured in 

addition to the MCL,  the outcome will depend on 
evaluation and treatment of the MCL injury [1ﾝ4].  
MCL injury of the knee is usually assessed according 
to the classification of Hughston and Eilers [5],  which 
involves manual evaluation of valgus instability of the 
knee.  However,  this classification occasionally 
requires anesthetization of the lower limbs for strict 
evaluation,  and thus can be a somewhat invasive 
method.

I

Instability of the knee after the medial collateral ligament (MCL) injury is usually assessed with the 
manual valgus stress test,  even though,  in recent years,  it has become possible to apply magnetic 
resonance imaging (MRI) to the assessment of the damage of the ligament.  The valgus instability of 24 
patients (12 isolated injuries and 12 multiple ligament injuries) who suffered MCL injury between 1993 
and 1998 was evaluated with the Hughston and Eilers classification,  which involves radiographic 
assessment under manual valgus stress to the injured knees.  We developed a novel system for classify-
ing the degree of injury to the MCL by calculating the percentage of injured area based on MRI and 
investigated the relationship between this novel MRI classification and the magnitude of valgus insta-
bility by the Hughston and Eilers classification.  There was a significant correlation between the 2 
classifications (p=0.0006).  On the other hand,  the results using other MRI based classification systems,  
such as the Mink and Deutsch classificaiton and the Petermann classification,  were not correlated with 
the findings by the Hughston and Eilers classification in these cases (p＞0.05).  Since MRI is capable of 
assessing the injured ligament in clinical practice,  this novel classification system would be useful for 
evaluating the stability of the knee and choosing an appropriate treatment following MCL injury.
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　 In recent years,  technical advances in magnetic 
resonance imaging (MRI) have led to more complete 
evaluation of the knee injury [6ﾝ10].  Various reports 
have been published concerning MRI-based classifica-
tions of MCL injury.  At present,  there are 2 main 
MRI classifications systems,  the classification of Mink 
and Deutsch [8] for evaluating superficial injury to the 
MCL and that of Petermann [11] for evaluating 
injury to both the superficial and deep layers of the 
ligament.  It has occasionally been reported that these 
methods of evaluation do not correlate with the clas-
sification of Hughston and Eilers and thus do not 
adequately evaluate instability of the knee [12ﾝ13].
　 The objective of this study was to investigate 
whether or not these MRI classifications can ade-
quately evaluate valgus instability of the knee and to 
discuss a novel MRI classification that could assess 
valgus instability more effectively.

Materials and Methods

　 The subjects of this study were 24 patients (24 
knees) who suffered MCL injury and were treated in 
Nippon Kokan Fukuyama Hospital between 1993 and 
1998.  Isolated MCL injury was noted in 12 knees of 
12 patients (7 males and 5 females),  and their age 
range was 17 to 38 years (mean: 28.0 years).  Multiple 
ligament injury was noted in 12 knees of 12 patients 
(7 males and 5 females),  and their age range was 16 to 
51 years (mean: 36.7 years).  In the multiple ligament 
injury group,  the ACL,  PCL,  and both were injured 
in 9,  2,  and 1 of the patients,  respectively.  Knee 
surgery was performed by a single orthopaedic sur-
geon who had 15 years of clinical experience,  and the 
site of MCL injury was confirmed intraoperatively in 

all patients.
　 MRI method. In all patients,  MRI was per-
formed within 1 week of injury and a 0.5 T system 
(MR Vectra; GE Medical Systems,  Milwaukee,  WI,  
USA) was used for imaging.  MCL injury was evalu-
ated on T2-weighed coronal images,  which were 
obtained by the fast spin echo method.  With the 
patient in the supine position and the knee completely 
extended,  MRI was performed using superficial leg 
coils and the following parameters: TR/TE of 
3000/21,  flip angle of 30 degrees,  3.0 mm slice thick-
ness and 3.0 mm gap,  FOV of 200 mm,  and 192×256 
matrix.
　 Evaluation of valgus instability. After 
muscular relaxation was achieved under anesthesia,  
the knee was flexed to 30 degrees,  and valgus insta-
bility was evaluated manually according to the classi-
fication of Hughston and Eilers (Table 1).  This clas-
sification evaluates the extent of valgus instability of 
the knee after MCL injury using a 3 grade scale based 
on the distance between the medial articular surface 
of the femur and the medial articular surface of the 
tibia on frontal X-ray films.  If the distance is less than 
5 mm,  5 to 10 mm,  or more than 10 mm,  valgus 
instability is classified as Grade 1,  2,  or 3,  respec-
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Table 1　　 Grading of lateral instability of the knee

Medial joint opening

Grade 1 5mm or less
Grade 2 between more than 5mm to 10mm
Grade 3 more than 10mm

According to Hughston and Eilers[5], the 3-degree sprains can be 
graded according to the amount of medial joint opening demon-
strated on stress testing.

Table 2　　 Classification of MCL injury for MRI

Mink and Deutsch Petermann

Grade Ⅰ Edema and hemorrhage within the ligament
(Ligament continuity intact)

Periligamentous swelling without complete disruption of 
superfical and/or deep layer
(Minor tearing of Ligament)

Grade Ⅱ Localized hemorrhage
(Partial ligament disruption)

Conform Grade Ⅰ but with complete disruption of superficial 
layer
(Complete disruption superficial layer)

Grade Ⅲ Marked hemorrhage and thicking
(Complete disruption)

Conform Grade Ⅱ but with fluid extravasating from the joint 
into the periligamentous tissue
(Complete disruption superficial and deep layer)



tively.  Thus,  the grade becomes higher with an 
increase in the extent of instability [5].
　 Evaluation of MRI findings. The images 
obtained by MRI were evaluated by 3 orthopaedic 
surgeons who had more than 10 years of clinical expe-
rience and who had no knowledge of the clinical or 
intra-operative findings.  Each image was evaluated 
according to the classification of Mink and Deutsch,  
the classification of Petermann (Table 2),  and our 
novel classification.  According to the classifications of 
Mink and Deutsch and Petermann,  MCL injury exists 
if swelling and hematoma (seen as a high-signal inten-
sity area) are noted around the ligament,  or if discon-
tinuity of the ligament is observed on T2-weighted 
images.  All patient information was removed from the 
images,  and the surgeons were only told that the 
patients had a pain in the knee and gait disturbance.  
Each image was assessed for 10 min.
　 Novel MRI classification. The subjects were 
patients who were considered to have MCL injury 
according to the above criteria.  Hemorrhage and 
swelling around the MCL were evaluated by MRI,  and 
all coronal images of the knee including the ligament 
were assessed.  The maximum transverse diameter of 
the high signal intensity area around the site of injury 
was measured on T2-weighted images.  This was then 
divided by the maximum transverse diameter of the 
articular surface of the tibia to standardize its value 
because of anatomical variation and the result thus 
obtained was multiplied by 100.  This ratio was desig-
nated as the MCL instability ratio (Fig.  1).
　 Evaluation of the relationship between MRI 
classifications and valgus instability. The 
results of the classification of Mink and Deutsch,  that 
of Petermann,  and our novel classification were com-
pared with the results of the classification of Hughston 
and Eilers to investigate the relationship between 
these MRI classification systems and valgus instability 
of the knee.
　 Statistical analysis. The data obtained were 
analyzed by Spearmanʼs rank correlation analysis,  and 
p＜0.05 was considered to indicate statistical signifi-
cance.  The statistical analysis was carried out using 
the program Ystat 2006 for Windows program 
(Igakutoshoshuppan Co.,  Ltd.,  Tokyo,  Japan).

Results

　 Evaluation of valgus instability. When 
using the classification of Hughston and Eilers,  the 
extent of instability was respectively classified as 
Grade 1,  2,  and 3 in 25.0ｵ,  58.3ｵ,  and 16.7ｵ of 
patients from the isolated MCL injury group,  while it 
was classified as Grade 1,  2,  and 3 in 8.3ｵ,  50.0ｵ,  
and 41.7ｵ of patients from the multiple injury group.  
Intraoperative findings confirmed femoral side injury,  
mid-substance injury,  and tibial side injury in 75.0ｵ,  
8.3ｵ,  and 16.7ｵ of the isolated MCL injury group 
respectively,  versus 58.3ｵ,  33.3ｵ,  and 8.3ｵ of the 
multiple injury group (Table 3).
　 When the extent of instability was evaluated 
according to the classification of Hughston and Eilers 
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Fig. 1　　 MCL Instability ratio: A/B×100
A,  The maximum transverse diameter of the high signal intensity 
area on T2-weighted images; B,  The maximum transverse diame-
ter of the articular surface of the tibia; ＊,  The high signal area ofThe high signal area of 
hemorrhage and swelling caused by MCL injury on T2-weighted 
images.



in all patients from both groups,  it was classified as 
Grade 1 in 12.5ｵ of the patients with femoral side 
injury,  4.2ｵ of the patients with mid-substance 
injury,  and 0ｵ of the patients with tibial side injury.  
It was classified as Grade 2 in 41.7ｵ,  8.3ｵ,  and 
4.2ｵ of these patients,  respectively,  and as Grade 3 
in 12.5ｵ,  8.3ｵ,  and 8.3ｵ.  The percentage of 
patients with femoral side injury was higher in all 
grades (Table 4).
　 Evaluation of correlations between MRI find-
ings and valgus instability. No correlation was 
noted between the classification of Hughston and 
Eilers and that of Mink and Deutsch in the isolated 
MCL injury or multiple ligament injury groups (p＞
0.05).  Grade 2 instability according to the classifica-
tion of Hughston and Eilers tended to be classified as 
Grade Ⅲ according to the classification of Mink and 
Deutsch in both groups (Table 5).  There were no cor-
relations between the classification of Hughston and 
Eilers and that of Petermann in either of the ligament 

injury groups (p＞0.05).  Grade 2 instability according 
to the classification of Hughston and Eilers tended to 
be classified as Grade Ⅲ according to the classifica-
tion of Petermann,  and the extent of injury was evalu-
ated as higher than that of valgus instability according 
to this classification as well as that of Mink and 
Deutsch (Table 6).  Based on these results,  it was 
considered to be difficult to evaluate valgus instability 
of the knee after MCL injury by the classification of 
Mink and Deutsch or that of Petermann.  On the other 
hand,  a correlation was noted between the MCL 
instability ratio and valgus instability of the knee in 
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Table 6　　 Relationship between Petermann and Hughston and 
Eilers classification

Hughston and Eilers classification

Petermann  
classification

1 2 3

　　　　　　　ⅠⅠ 1ﾝ1ﾝ1 1ﾝ1ﾝ1 1ﾝ1ﾝ1
Isolate injury　　Ⅱy　　ⅡⅡ 1ﾝ1ﾝ1 1ﾝ3ﾝ6 1ﾝ1ﾝ1
　　　　　　　ⅢⅢ 1ﾝ1ﾝ1 5ﾝ3ﾝ0 0ﾝ0ﾝ0
　　　　　　　ⅠⅠ 1ﾝ1ﾝ1 0ﾝ1ﾝ2 0ﾝ1ﾝ1
Multiple injuries Ⅱ 0ﾝ0ﾝ0 2ﾝ1ﾝ1 1ﾝ0ﾝ4
　　　　　　　ⅢⅢ 0ﾝ0ﾝ0 4ﾝ4ﾝ3 4ﾝ4ﾝ0
(p>0.05)
Note: -Numbers are numbers of patients who evaluated their MRI 
findings by 3 orthopaedists.  Numbers correspond to Orthopaedist 
1-Orthopaedist 2-Orthopaedist 3.

Table 3　　 Surgical population by Hughston and Eilers 
classification,  intra-operative findings

Hughston  
and Eilers  
classification

lsolate injury Multiple injury

Grade 1 3 (25.0) 1 ( 8.3)
Grade 2 7 (58.3) 6 (50.0)
Grade 3 2 (16.7) 5 (41.7)

intra-operative findings lsolate injury Multiple injury

Femoral 9 (75.0) 7 (58.3)
Mid-substance 1 ( 8.3) 4 (33.3)
Tibial 2 (16.7) 1 ( 8.3)

Note: -Numbers in parenthesis are percentages.

Table 4　　 Relationship between Hughston and Eilers 
classification and intra-operative findings

Injury location

Hughston  
and Eilers  
classification

Femoral side Mid-substance Tibial side

Grade 1 12.5 4.2 0
Grade 2 41.7 8.3 4.2
Grade 3 12.5 8.3 8.3

Note: -Numbers are percentages.

Table 5　　 Relationship between Mink and Deutsch and Hughston 
and Eilers classification

Hughston and Eilers classification

Mink and  
Deutsch  
classification

1 2 3

　　　　　　　ⅠⅠ 1ﾝ1ﾝ0 1ﾝ1ﾝ1 1ﾝ0ﾝ0
Isolate injury　　Ⅱ　　ⅡⅡ 2ﾝ1ﾝ1 3ﾝ0ﾝ3 1ﾝ1ﾝ1
　　　　　　　ⅢⅢ 0ﾝ1ﾝ2 3ﾝ6ﾝ3 0ﾝ1ﾝ1

　　　　　　　ⅠⅠ 1ﾝ0ﾝ1 1ﾝ0ﾝ1 1ﾝ0ﾝ0
Multiple injuries Ⅱ ⅡⅡ 0ﾝ1ﾝ0 3ﾝ1ﾝ0 1ﾝ1ﾝ2
　　　　　　　ⅢⅢ 0ﾝ0ﾝ0 2ﾝ5ﾝ5 3ﾝ4ﾝ3

(p>0.05)
Note: -Numbers are numbers of patients who evaluated their MRI 
findings by 3 orthopaedists.  Numbers correspond to Orthopaedist 
1-Orthopaedist 2-Orthopaedist 3.



the isolated MCL injury group (p=0.0105) (Fig.  2) 
and in the multiple ligament injury group (p=0.0235) 
(Fig.  3).  A correlation (p=0.0006) was also noted 
when analysis was done using patients from both 
groups.  Based on the regression line obtained from 
these data,  the extent of valgus instability was evalu-
ated using the 3-grade scale in the classification of 
Hughston and Eilers (Grade 1: less than 
5 mm; Grade 2: 5 to 10 mm; Grade 3: more than 
10 mm).  According to the MCL instability ratio,  less 
than 4.66ｵ,  4.66ｵ to 12.49ｵ and 12.49ｵ or more 
of the patients were classified as having Grade Ⅰ,  Ⅱ,  
and Ⅲ instability,  respectively (Fig.  4).

Discussion

　 The MCL is the most important and strongest of 
the medial supporting mechanisms of the knee,  being 
the main stabilizing mechanism against stress of the 
valgus and external rotation [14].  In fact,  it accounts 
for 78ｵ of the braking effect against valgus stress 
when the knee is in 25 degrees of flexion [15].  
Therefore,  poor healing of an MCL injury may lead 
to persistent instability of the knee,  resulting in 
potential knee deformity in the future.  Particularly 
after multiple ligament injury,  evaluating the extent 
and healing of MCL injury has been reported to be 
important because of the high risk of persistent knee 
instability [16].
　 The treatment of MCL injury is often chosen solely 
on the basis of manual evaluation of the extent of val-
gus instability.  However,  it has been reported to be 

difficult to achieve uniformly accurate evaluation using 
the manual method because of pain and muscle spasm 
after injury [17ﾝ19].  The clinical course is often poor 
in patients with Grade Ⅲ MCL injury [1],  and there 
is still controversy as to whether damage to this liga-
ment should be treated conservatively or by surgery,  
especially in patients who have multiple ligament 
injury.  Therefore,  it is necessary to establish a 
method by which preoperative evaluation can be per-
formed accurately.
　 In recent years,  numerous studies have used MRI 
to evaluate MCL injury by MRI have been reported 
[6ﾝ13,  20,  21],  and the classification of Mink and 
Deutsch,  and that of Petermann have come into gen-
eral use.  In these 2 classifications systems,  MCL 
injury is evaluated based on discontinuity of the liga-
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Fig. 2　　 Medial joint opening VS MCL instability ratio in the iso-
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ment and hemorrhage and swelling at the site of injury.  
It has not been clarified how accurately these classifi-
cations can evaluate valgus instability of the knee.  It 
was reported that comparison between the classifica-
tion of Mink and Deutsch and that of Hughston and 
Eilers showed that the MRI classification tended to 
overestimate valgus instability [13,  22].  On the other 
hand,  when the classification of Petermann was used,  
valgus instability could be evaluated if a valgus-varus 
laxity tester was used,  but it could not be evaluated 
easily by the manual method [23].  Considering that 
manual evaluation is often performed in clinical prac-
tice,  it would seem to be necessary to establish a 
classification system for the evaluation of knee insta-
bility by MRI alone.  In this study,  there was no cor-
relation between either of the MRI classifications and 
the Hughston and Eilers classification.  These results 
demonstrate that there are many differences related to 
interobserver variability between these 2 classifica-
tion systems,  and that valgus instability of the knee 
cannot be accurately evaluated by either method.  
Therefore,  we investigated the efficacy of our novel 
MRI classification system “the MCL instability ratio”,  
for evaluating valgus instability of the knee after MCL 
injury.
　 According to a recent report concerning MRI 
evaluation of isolated MCL injuries,  periligamentous 
swelling and hemorrhage generally tend to be mild,  so 
deep layer injury can only be evaluated by focusing 
attention on irregularity of the lateral margin of the 
meniscus and changes in the compostion of the menis-
cocapsular fluid [21].  On the other hand,  in the case 
of multiple ligament injury,  it is possible to evaluate 
deep layer injury by focusing attention on the leakage 
of articular fluid around the MCL [11].  Thus,  these 
reports concentrated on the diagnosis of MCL injury 
based of MRI visualization of articular fluid leakage 
and hemorrhage.  Since hemorrhage and swelling tend 
to occur with an increase in the extent of MCL injury,  
MRI-based evaluation may become easier as the dam-
age becomes more severe.  We developed our novel 
MRI classification system by focusing attention on 
differences in the extent of periligamentous hemor-
rhage and swelling in relation to the extent of ligament 
injury (Fig.  5).  According to the classification of 
Mink and Deutsch and that of Petermann,  MCL injury 
is considered to be present when periligamentous 
swelling and hematoma and ligament injury can be 

detected,  so these changes were selected for classifi-
cation by our method.  T2-weighted images were used,  
because a high signal intensity is displayed due to an 
increase of regional water content after hemorrhage in 
the acute period immediately after injury [24].  MRI 
was performed within 1 week of injury,  because the 
high signal intensity on T2-weighted images decreases 
after 7 days along with a decrease of the water con-
tent and an increase of the protein content [24].  All 
coronal images that included the MCL were used for 
our method of evaluation.  Assuming that the high 
signal intensity area on T2-weighted images corre-
sponded to hemorrhage and swelling,  its maximum 
transverse diameter was measured.  The ratio of this 
diameter to the maximum transverse diameter of the 
tibial articular surface was calculated while control-
ling for differences in body size among the subjects.  
Since this ratio showed a good correlation with the 
extent of valgus instability of the knee,  it was consid-
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Fig. 5　　 This 16ﾝyear-old male suffered MCL and ACL injury while 
playing rugby football and his knee showed Grade 3 instability by 
the Hughston and Eilers classification.  This MRI shows the 
T2-weighted image.  A,  the maximum transverse diameter of the 
area of hemorrhage and swelling; B,  the maximum transverse 
diameter of the articular surface of the tibia.  White arrow shows 
discontinuity of MCL and leakage of articular fluid.



ered possible to use this method to evaluate valgus 
instability by MRI alone without manual evaluation.  
Finally,  the MCL instability ratio was divided into 
three grades by using values that corresponded to 
Grades 1 to 3 of the Hughston and Eilers classifica-
tion.
　 Unlike the conventional classifications,  our novel 
MRI classification has the advantage that there is little 
risk of variation between examiners,  because it is not 
necessary to perform the valgus stress test of the knee 
manually,  and because numerical values obtained by 
making measurements on the images are compared.  In 
future studies,  it will be necessary to accumulate 
more data about the clinical course of patients evalu-
ated by this classification.  However,  since MRI is 
widely available at present,  the assessment of valgus 
instability of knees with MCL injury by this novel 
MRI classification system would be useful in clinical 
practice.
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