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MR imaging of tibial collateral ligament injury:
comparison with clinical examination

Lawrence Yao, M.D., David Dungan, M.D., Leanne L. Seeger, M.D.
Department of Radiological Sciences, UCLA Center for the Health Sciences, Los Angeles, California, USA

Abstract. We sought to clarify the capability of routine
magnetic resonance (MR) imaging of the knee to detect
and grade tibial collateral ligament (TCL) injury. We al-
so wanted to define the exact MR findings that were the
most important for diagnosis. Sixty-three patients were
clinically evaluated for TCL injury prior to MR imaging
of the knee on a 1.5-tesla system. MR studies were
scored with respect to multiple direct and indirect find-
ings. By discriminant analysis, the overall accuracy of
classification (into clinical grades 1, 2, 3 and normal) on
the basis of MR was 65%. Accuracy for detection of ab-
normal TCLs was 87%. The most useful MR f{indings
for detection and grading of TCL injury were direct
signs: subcutaneous edema over the TCL, focal disrup-
tion of the TCL, increased signal in the TCL on T2-
weighted images, and longitudinal striations within the
TCL. Indirect signs such as trabecular trauma were less
useful for TCL evaluation. The presence of a tear of the
anterior cruciate ligament, however, correlated with TCL
injury of a higher grade. T2-weighted coronal images,
by better depicting intraligamentous edema and fiber
disruption, improved the MR assessment of the TCL.

Key words: Tibial collateral ligament — Medial collater-
al ligament — Knee injury — Ligaments — MR imaging

Magnetic resonance (MR) imaging of the knce is an es-
tablished method for identifying cruciate ligament inju-
ries with a high degree of accuracy [1, 2]. However, ob-
jective information on the assessment of other ligamen-
tous structures, including the tibial collateral ligament
(TCL) of the knee, is lacking.

The TCL consists of superficial and deep portions;
each has its functional significance. The superficial TCL
courses from the medial epicondyle of the femur to the
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medial aspect of the proximal tibial metadiaphysis,
where it inserts deep to the pes anserinus 7.5-10 cm be-
low the joint line. A portion of the ligament takes an ob-
lique course from the femoral epicondyle, coursing poste-
riorly to blend with the deep joint capsule (deep TCL),
forming what is also called the posteromedial capsule or
posterior oblique ligament [3, 4]. The superficial TCL is
the primary support resisting valgus angulation and in-
ternal rotation of the tibia [5].

The deep portion of the TCL represents an area of
thickening of the joint capsule separate from the superfi-
cial TCL anteriorly, but blending with the oblique por-
tion of the superficial TCL in the postecromedial corner
of the knee. The deep TCL spans a much shorter dis-
tance from the distal medial epicondyle to the proximal
tibia, and has a fibrous attachment to the medial menis-
cus [3]. The deep TCL resists internal rotation and val-
gus stress with the knee in extension. In addition, the
deep TCL resists anterior displacement of the tibia in the
ACL-deficient knee [6, 7].

Table 1. Critcria of evaluation of magnetic resonance imaging of
the tibial collateral ligament: coding of variables®

Joint effusion (Effusion): O=absent, 1=present
ACL tear (ACL): O=absent, 1=present
Trabecular trauma: O=absent, 1=present
Medial meniscal tear: O=absent, {=present
Discontinuity or focal nonvisualization of the TCL
(Discontinuity): O=absent, 1=present
Global thickening in the region of the TCL (Thickening):
O=less than 7 mm, 1=greater than or equal to 7 mm
7. Capsular thickening deep to superficial TCL
(Capsular thickening): O=absent, 1=present
8. Edema in subcutaneous fat adjacent to TCI. (SQ):
O=absent, 1=present
9. Increased signal relative to fat in/deep to TCL
on T2-weighted images (T2 Hyperintensity):
O=absent, 1=present
10. Longitudinal increased signal striations in TCL (Striated):
O=absent, 1=present
11. Medial compartment spurring (OA): O=absent, 1=present
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* Abbreviated names of variables are given in parentheses
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Clinical grading of TCL injury is determined by ex-
amination for valgus laxity in extension and in 30° of
knee flexion [8]. The clinical grade of injury influences
the choice of therapy [9, 10]. Investigators have docu-
mented that tears of the TCL can be identified at MR im-
aging [11]. However, there is no established method to
estimate the severity of injury on the basis of the MR
findings. This study attempts to define the most useful
MR criteria for identifying and distinguishing between
grades of TCL injury.

Methods

MR examinations of 41 patients with TCL injury and 22 patients
with clinically normal TCLs were retrospectively reviewed by an
experienced musculoskeletal radiologist without knowledge of the
clinical findings. MR examinations were performed on a 1.5-tesla
imager (General Electric, Signa, Milwaukee, Wis.) using a trans-
mit-receive extremity coil. An axial T1-weighted spin echo se-
quence was obtained using 5-mm sections and a 2.5-mm interval

Fig. 3. Thickening, Trabecular trauma: There is an increase in the
thickness (white arrowheads) of the TCL substance (which in this
case also exhibits a diffuse increase in signal intensity) in this in-
dividual with a grade 3 TCL injury. Thicknesses greater than
7 mm in width were considered abnormal. Trabecular trauma in
the lateral tibial plateau is also illustrated (small black arrows).
Note sartorius fascia (black arrow) superficial to the TCL.
TR 1500, TE 12
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(matrix 128 x 256). Sagittal (matrix 192 x 236) and coronal (ma-
trix 256 x 256) proton-density and T2-weighted spin echo images
were obtained using a 3-mm section and 1.5 mm interval. Clinical
evaluation of the patients was performed by the orthopedic staff,
based on the grading system established by Hughston [8].

The MR criteria that were examined, the manner in which they
were coded, and their abbreviated names are shown in Table 1.
The major MR criteria are illustrated in the accompanying figures.
The normal superficial TCL (Fig. 1) is typically visualized on
three sequential coronal MR images (3-mm sections, 1.5 mm
gap). The deep portion of the TCL is not distinctly identified on
routine MR images. Fat is usually interposed between the superfi-
cial TCL and the deep capsule and meniscal base on more anterior
images through the ligament (Fig. 1). The MR findings in ACL
rupture (criterion 2), trabecular trauma (criterion 3), and meniscal
tear (criterion 4) have been well described in the literature [1, 2,
12]. Discontinuity (criterion 5) was defined as focal absence or
more diffuse non-visualization of normal low signal ligamentous
fibers (Fig. 2). Global thickening in the region of the TCL
(“Thickening,” criterion 6) was determined by measuring the
maximal transverse dimension from the surface of the TCL to the
cortex of the nonarticular portion of the adjacent femur or tibia
(Fig. 3). Values above 7 mm were considered abnormal. Capsular

Fig. 1. Normal tibial collateral ligament
(TCL): The superficial TCL (black arrows)
courses from the medial epicondyle of the
femur to the medial proximal tibial shaft,
and is seen as a thin, linear hypointense
structure. The deep TCL cannot be sepa-
rately identified on routine magnetic reso-
nance (MR) images. Note normal pericap-
sular fat deep to the TCL (white arrow)
TR 1500, TE 12

Fig. 2. Discontinuity, T2 Hyperintensity:
Individual with clinical grade 3 TCL injury
exhibits focal discontinuity of the TCL
over the medial epicondyle (white arrows),
as well as hyperintense signal within the
TCL substance (black arrow) TR 1500,

TE 70

Fig. 4. Capsular thickening, subcutaneous edema: This individual
with clinical grade 1 TCL injury demonstrates intermediate-inten-
sity signal material (curved arrow) in the area of the deep capsule,
beneath the superficial TCL (straight arrows). Edema is seen as
streaky low signal in the overlying subcutaneous fat (open arrow).
TR 1500, TE 19

Fig. 5. Striated TCL: Individual with clinical grade 1 TCL injury
shows longitudinal increased signal (arrows) within a thickened
TCL, creating a striated appearance. TR 1500, TE 12
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thickening (criterion 7) was interpreted as the presence of nonfatty
tissue deep to the low-signal fibers of the superficial TCL (Fig. 4).
Subcutaneous edema over the TCL (“SQ,” criterion 8) is illustrat-
ed in Fig. 2. T2 Hyper-intensity (criterion 9) was defined as signal
greater than or equal to that of fat within TCL on T2-weighted im-
ages (Fig. 2). Longitudinal increased signal striations in the TCL
(“Striated,” criterion 10) is illustrated in Fig. 5. The presence of
medial compartment spurring or osteoarthritis (OA, criterion 11)
was scored, because osteophytes can account for apparent capsu-
lar thickening (criterion 7).

The distribution of MR criteria (discriminating variables)
across clinical groups was analyzed using an F-test. Discriminant
analysis [13] was performed to define the collective ability of the
MR criteria to correctly classify cases with respect to the clinical
status of the TCL. Discriminant analysis is a multivariate statisti-
cal technique in which classification of cases into groups is opti-
mized. Determination of the relative discriminating power of indi-
vidual MR criteria was performed using a Wilks’ stepwise vari-
able selection method. The minimum p value to enter and the
maximum p value to remove a variable in the stepwise selection
process were 0.25 and 0.30, respectively. Discriminant analysis
was implemented using the Statistical Package for Social Sciences
(SPSS Inc., Chicago, I11.).

Variables with the highest F values in the one-way analysis
will not necessarily have the greatest discriminating power, be-
cause the one-way analysis does not account for the interactions
between variables. Values for accuracy of classification are the
number of correctly classified subjects divided by the total num-
ber of subjects.

Results

MR examinations of a total of 63 knees were analyzed.
Of these 63 knees, 22 had clinically normal TCLs, 13
had grade 1 injuries, 18 had grade 2 injuries, and 10 had
grade 3 injuries. The average patient age was 31 years
(range 16-85 years). At the time of MR examination, the
median interval since injury was 10 days (range 1-72
days).

All clinical groups

One-way analysis of variance (F test) of the distribution
across clinical groups for MR criteria shows the highest
significance for the variables T2 Hyper-intensity, Dis-
continuity, SQ, Thickening, and Trabecular trauma
{(p<0.01). No significance exists for the variables Effu-
sion, OA, Medial meniscal tear, Capsular thickening,
and Striated (p>0.10).

Discriminant analysis yields an overall accuracy of
classification of 65% (Table 2). In the stepwise variable
selection, the variables with the greatest discriminating
power are (in descending order) SQ, Discontinuity, T2
Hyperintensity, and Striated. All of these variables are
positively correlated with the first canonical discriminant
function (T2 Hyperintensity and Discontinuity having
the highest correlation), in which higher scores corre-
spond to greater severity of injury. SQ and Striated have
the highest correlation with the second canonical dis-
criminant function, which tends to separate grade 2 from
grade 1 and grade 3 injuries. The variables Medial me-
niscal tear, Thickening, Trabecular trauma, and Capsular
thickening are not selected.
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Table 2. Classification results by discriminant analysis (all
groups)

Actual group No. of MR-predicted group
cases
Normal 1 2 3
Normal 22 18 0 3 1
Grade 1 13 1 7 3 2
Grade 2 18 2 1 9 6
Grade 3 10 0 0 3 7

Normal versus abnormal TCLs

One-way analysis of variance (F test) of the distribution
between normal and abnormal clinical groups shows the
highest significance for (in descending order) T2 Hyper-
intensity, Thickening, Discontinuity, and SQ (p<0.01).
No significance exists for the variables Capsular thick-
ening, Effusion, ACL, and Striated (p>0.10).

Discriminant analysis yields an accuracy of classifi-
cation of 87%. In the stepwise variable selection, the
variables with the greatest discriminating power are (in
descending order) T2 Hyperintensity, Striated, Disconti-
nuity, and SQ. As expected, all of these variables are
positively correlated with an abnormal TCL. The vari-
ables Trabecular trauma and Medial meniscal tear are
not selected.

Grade [ versus grades 2 and 3 TCL injury

One-way analysis of variance (F test) of the distribution
between grade 1 and higher grades of TCL injury shows
significance only for the variable ACL (p<0.05). Dis-
criminant analysis yields an accuracy of classification of
68%. In the stepwise variable selection, ACL is the only
variable selected, correlating with the presence of a
higher grade (grades 2 and 3) of injury.

Discussion

Our results support the prevailing impression that MR is
capable of detecting TCL injury (87% correct classifica-
tion). The false-positive rate for MR (18%) was greater
than the false negative rate (6%). It is certainly plausible
that MR is actually more sensitive for minor ligamen-
tous injury than the clinical examination. If this is so, the
“true” accuracy figure for MR could be higher.

The agreement between MR and the clinical grade of
injury was more modest (65% correct classification).
The highest rate of misclassification was for grade 2 in-
juries (50%), which is not suprising given the considera-
ble heterogeneity of this clinical group.

For detecting and grading TCL injury, the most im-
portant MR criteria proved to be SQ, Discontinuity, T2
Hyperintensity, and Striated. Generalized thickening
(Thickening) in the region of the TCL is of diagnostic
value, but offers no additional information compared to
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the other signs. A “striated” appearance of the TCL may
be a relative indicator of grade 2 as opposed to grade 1
or 3 injury. The presence of an ACL tear, while not par-
ticularly useful for detecting TCL injury, tends to indi-
cate a more severe (grade 2 or 3) TCL injury.

We initially thought that capsular thickening might be
a helpful indicator of low-grade TCL injury if the deep
capsule (or deep TCL) ruptures before the thicker and
stronger superficial TCL. This hierarchy of lesions may
occur in injuries sustained with the knee in 90° of flex-
ion [14]. However, our analysis does not support the val-
ue of the MR finding of thickening (due to hemorrhage
or edema) in the area of the deep capsule as a sign of
low-grade TCL injury.

Coronal T2-weighted images appear to be important
for an accurate MR assessment of the TCL. T2-weighted
images and the proton density images acquired with
them have been, in our experience, superior to T1-
weighted images for the detection of focal discontinuity
in the TCL. Furthermore, our analysis shows that the
finding of hyperintensity in or around the TCL on T2-
weighted images is valuable for both the detection and
grading of TCL injuries. This finding presumably repre-
sents intraligamentous hemorrhage or edema, or, in a
small number or cases, synovial fluid leakage through
the deep capsule. The TCL bursa can occasionally ap-
pear as a well-defined, fluid signal area deep to the su-
perficial TCL, adjacent to the base of the mid-zone me-
dial meniscus [15]. Fluid distention of the TCL bursa
can indicate a TCL bursitis, but this finding should not
be confused with the more irregular and ill-defined high-
signal changes in the same area seen in TCL injury.

The lack of a gold standard in the assessment of the
TCL necessitated the use of the imperfect standard of
the physical examination in this study. It is likely that
the true diagnostic value of MR in the evaluation of the
TCL is greater than our analysis suggests. Nevertheless,
the clinical evaluation does provide a yardstick by which
to measure the “relative” value of various MR signs in
grading TCL injury. By pooling lesions of various ages,
our analysis may distort the relative significance of vari-
ables which evolve more rapidly over time, such as SQ
and T2 Hyperintensity.

In conclusion, the MR findings most useful in evalu-
ating the TCL are those directly related to the anatomic
area of the TCL (hyperintensity in or around the TCL on
T2-weighted images, discontinuity or nonvisualization
of low-signal ligamentous fibers, edema in the subcuta-
neous fat over the TCL, longitudinal increased signal
striations in the TCL substance). The more of these di-
rect MR signs that are positive in a particular case, the
greater is the likelihood of a higher grade of injury. T2-
weighted coronal images seem to be important for opti-
mal detection and grading of TCL injury by highlighting
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ligament fiber interruption and intraligamentous edema.
Long TE fast spin-echo images may prove to be equally
effective for this purpose. Most indirect findings such as
trabecular trauma, a useful secondary sign of ACL tear
[16], were not helpful in assessing the TCL. The pres-
ence of an ACL tear, however, does correlate with TCL
injury of a higher grade (grades 2 and 3).

References

1. Lee JK, Yao L. Phelps CT, et al. Anterior cruciate ligament
tears: MR imaging compared with arthroscopy and clinical
tests. Radiology 1988;166: 861-864.

2. Mink JH, Levy TL, Crues JV IIL. Tears of the anterior cruciate
ligament and menisci of the knee: MR imaging evaluation.
Radiology 1988;167: 769-774.

3. Brantigan OC, Voshell AF. The tibial collateral ligament: its
function, its bursae, and its relation to the medial meniscus. J
Bone Joint Surg 1943;25: 121-131.

4. Warren LF, Marshall JL. The supporting structures and layers
on the medial side of the knee. J Bone Joint Surg [Am]
1979;61: 56-62.

5. Seering WP, Piziali RL, Nagel DA, et al. The function of the
primary ligaments of the knee in varus-valgus and axial rota-
tion. J Biomech 1980;13: 785-794.

6. Inoue MI, McGurk-Burleson E, Hollis JM, et al. Treatment of
the medial collateral ligament injury. I: The importance of an-
terior cruciate ligament on the varus-valgus knee laxity. Am J
Sports Med 1987;15: 15-21.

7. Shoemaker SC, Markolf KL.. Effects of joint load on the stiff-
ness and laxity of ligament-deficient knees: an in vitro study
of the anterior cruciate and medial collateral ligaments. J bone
Joint Surg [Am] 1985;67: 136-146.

8. Hughston JC, Andrews JR, Cross MJ, Moschi A. Classifica-
tion of knee ligament instabilities. I: The medial compartment
and cruciate ligament. ] Bone Joint Surg [Am] 1976;58:
159-172.

9. Indelicato PA, Hermansdorfer J, Heugel M. Nonoperative
management of complete tears of the medial collateral liga-
ment of the knee in intercollegiate football players. Clin Or-
thop 1990;256: 174-177.

10. Kannus P. Long-term results of conservatively treated medial
collateral ligament injuries of the knee joint. Clin Orthop
1988;226: 103-112.

1. Turner DA, Prodromos CC, Petasnick JP, et al. Acute injury of
the ligaments of the knee: magnetic resonance evaluation. Ra-
diology 1985;154: 717-722.

12. Mink JTH, Deutsch AL. Occult cartilage and bone injuries of
the knee: detection, classification, and assessment with MR
imaging. Radiology 1989;170: 823-829.

13. Klecka WR. Discriminant analysis. Newbury Park, California:
Sage Publications, 1980.

14. Slocum DB, Larson RL. Rotatory instability of the knee. J Bo-
ne Joint Surg [Am] 1968;50: 211-225.

15. Lee JK, Yao L. Tibial collateral ligament bursa: MR imaging.
Radiology 1991;178: 855-857.

16. Kaplan PA, Walker CW, Kilcoyne RE, Brown DE, Tusek D,
Dussault RG. Occult fracture patterns of the knee associated
with anterior cruciate ligament tears: assessment with MR im-
aging. Radiology 1992;183: 835-838.





