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Purpose: The purpose of this study was to evaluate topographic anatomy of the foot-
prints of key ligaments of the elbow and assess their relationships with bony parame-
ters using micro-computed tomography (micro-CT). Additionally, the ratios of type /Il
collagen at the medial collateral ligament (MCL) and lateral collateral ligament (LCL)
of elbow were investigated.

Methods: Eleven cadaveric elbows attached by both the MCL and LCL were scanned
using micro-CT and reconstructed three-dimensionally. Additionally, the ligaments
were examined under polarized light microscopy to determine the histological charac-
teristics of collagen patterns.

Results: Areas of footprints of the MCL and LCL attaching onto the humerus were
133.2+25.8 mm’ and 128.3+23.2 mm’, respectively. Footprint sizes of anterior and pos-
terior bundles of the MCL in the proximal ulna and lateral ulnar collateral ligament
(LUCL) attaching to the proximal ulna averaged to 109.9 mm? 89.2 mm’, and 89.7
mm’, respectively. There were a positive correlation between footprint size of the MCL
and LUCL at the humeral side and a negative correlation between the footprint size of
the MCL at humeral side and maximal diameter of the radial head. The collagen I/IIl ra-
tio of the humeral attachment of the MCL was higher than distal attachment of the
MCL

Conclusion: This study provides a better understanding of the pathologies of the MCL
and LCL complex of the elbow and their relationships with osseous anatomy and may
assist the clinician with an anatomic reconstruction of the ligaments.

Keywords: Micro-computed tomography, Footprint, Collateral ligaments, Elbow, Colla-
gen, Three-dimensional

INTRODUCTION

The elbow is an inherently stable joint complex, owing to its bony anatomy and
soft tissue reinforcement [1]. Nevertheless, traumatic elbow injuries with accompa-
nying avulsion of bone and resulting disruption of tendinous or ligamentous attach-
ments occur with an incidence of 5.21/100,000 person-year [1]. Many unstable liga-
mentous injuries require surgical reconstruction of the elbow ligament [2-5].

The medial collateral ligament (MCL) complex of the elbow is divided into an-
terior, posterior, and transverse fiber bundles. Of these, the anterior bundle is
much more closely packed than the posterior bundle [6,7] and is the major soft
tissue restraint to valgus stress of the elbow [8]. The lateral collateral ligament
(LCL) complex of the elbow, which contributes significantly to both rotational
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and varus stability of the elbow joint, is composed of the radial
collateral ligament, annular ligament, lateral ulnar collateral
ligament (LUCL), and accessory LUCL [9,10].

The primary goal in treating ligamentous elbow injuries is to
restore the anatomy and biomechanical function of these struc-
tures. To accomplish this, a thorough understanding of the nor-
mal anatomy of the key capsuloligamentous structures as well as
bony structure is necessary. Although prior investigations have
evaluated the insertional footprints of the MCL and LCL com-
plex around the elbow, the studies predominantly relied on the
measurements obtained from vernier or digital caliper, which are
unable to accurately measure the area of nongeometric shapes
with irregular contours, such as those associated with anatomic
footprints [1,11]. Several investigators developed three-dimen-
sional (3D) anatomy using computed tomography (CT) or digi-
tizing technology, but their methods cannot accurately define ir-
regular areas of ligamentous attachments as well as their relation-
ship with bony parameters such as size of the epicondyle, troch-
lea, and radial head [12-14].

In this study, micro-CT was used to evaluate topographic
anatomy of the footprints of key ligaments of the elbow and as-
sess their relationships with bony parameters such as the distal
humerus, olecranon, and proximal ulna and radius. Previous
studies utilizing micro-CT imaging techniques have demon-
strated bone morphometry and microarchitecture of human
bones [15-19]. We hypothesized that micro-imaging can detail
the anatomy of the MCL and LCL footprint on the elbow joint
and their internal microarchitecture. We also investigated the
ratios of type I/III collagen at different lesions of the MCL and
LCL of elbow in order to study the histological characteristics

of the ligaments.

MATERIALS AND METHODS

1. Specimen preparation

Eleven human cadaver elbows (five right and sex left elbows
from two males and four females; mean age at death, 76 years;
range, 67-86 years) were prepared. All of the elbows had no ev-
idence of traumatic or degenerative changes around the joint.
The entire specimen was harvested from the elbow, leaving the
ligaments and joint capsule intact through meticulous dissec-
tion of all periarticular skin and musculature. Each of MCL
and LCL complexes was carefully cleaned of nonligamentous
soft tissue and left in situ (Figs. 1, 2). We carefully examined the
exact origin, insertion, and course of each ligament under mi-
croscopy (HSZ-600; HUVITZ Inc., Seoul, Korea).

Both the MCL and LCL were cut near their insertions to iden-
tify the footprints. The outlines of the footprints on the MCL and
LCL were marked and painted with Telebrix (Meglumine iox-
ithalamate; Gubebet, Aulnay-sous-Bois, France) contrast media
solution, which is commonly used for enhanced CT.

This study was approved by the Institutional Review Board
of the Dankook University Hospital (No. DKUH 2016-08-016-
002), and all investigations were conducted in conformity with
ethical principles of research.

2. Micro-computed tomography imaging
Three-dimensional micro-CT renderings of the elbow joint

were used to examine the external and internal bone architec-

ture (SkyScan 1176; SkyScan, Antwerp, Belgium). This system

Fig. 1. The medial collateral ligament (MCL) inserting onto (A) distal humerus and (B) proximal ulna. MCL-H, humeral attachment of the
MCL; MCL-UA, ulnar attachment of anterior bundle of the MCL; MCL-UP, ulnar attachment of posterior bundle of the MCL.
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Fig. 2. The lateral collateral ligament (LCL) inserting onto (A) distal humerus and (B) proximal ulna. LCL-H, humeral attachment of the
LCL; LCL-U, ulnar attachment of LCL (lateral ulnar collateral ligament, LUCL).

Fig. 3. A three-dimensional structural image of the elbow joint (the attachment of MCL [A] and LCL [B]; distal humerus and proximal
ulna). MCL, medial collateral ligament; MCL-H, humeral attachment of the MCL; MCL-UA, anterior bundle of ulnar attachment of the
MCL; MCL-UP, posterior bundle of ulnar attachment of the MCL; LCL, lateral collateral ligament; LCL-H, humeral attachment of the LCL;
LCL-U, ulnar attachment of the LCL.

was comprised of an X-ray microscope with a high-definition
X-ray microfocus tube, focal spot diameter of 10 pm, a 1.0 mm-
thick aluminum filter to remove noise during X-ray scanning, a
precision-controlled specimen holder, a two-dimensional (2D)
X-ray charge-coupled device camera connected to a frame
grabber, and a workstation running tomography reconstruc-
tion software (NRecon, ver. 1.6.3.3; SkyScan). A 3D structural
image of the elbow joint (the attachment of MCL and LCL; dis-
tal humerus and proximal ulnar) with voxels 35 x 35x 35 um in
size was reconstructed from 2D cross-sectional images in bit-
map format with a 35-um slice thickness (pixel, 35x 35 pum).

3. Topographic parameters
After reconstructing the 3D image of the distal humerus,
proximal ulna, and radius, each of the footprints of the MCL
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and LCL was separated from the cortical surface of the bones
and reconstructed using an appropriate threshold in the soft-
ware (Fig. 3) [18]. The footprint sizes, including the maximal
width and length, and the area of each of their insertions were
measured, using a reverse engineering software system (Rapid-
fom 2006; Inus Technology, Seoul, Korea). The accuracy of the
area measurement was <0.01 mm or mm’.

To analyze the topography of the landmarks in the elbow; coro-
nal, sagittal, and horizontal section images were reconstructed us-
ing CT Analyzer software (DataViewer; Skyscan) (Fig. 4). The
distance between medial and lateral epicondyles, width and
height of the medial epicondyle, anteroposterior and mediolateral
diameter of the radial head as well as height, anteroposterior and
proximodistal diameters of the capitulum, anteroposterior and
proximodistal diameters of the trochlea, depth of trochlea, troch-
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Fig. 4. Analysis of distal humerus topography on coronal and sagittal reconstructed images. (A) IcD, distance between medial and lateral
epicondyles; MeW, width of the medial epicondyle; MeH, height of the medial epicondyle; TaD, depth of the trochlea; TaW, trochlea
articular width. (B) ApD, anteroposterior diameter of the trochlea; PdD, proximodistal of diamter of the trochlea. (C) SeD, depth of the
semilunar notch; ¢, angle of the olecranon. (D) RD, maximal diameter of the radial head; RH, height of the radial head.

lear articular width, and depth of semilunar notch and angle of
the olecranon were measured in each plane. All values were rep-
resented as mean * standard deviation.

4. Histological characteristics of the ligaments

To compare the characteristics of collagen types between
each component of the MCL and LCL, an illumination method
under polarized light microscopy after picrosirius red staining
was applied to 11 ligament specimens [20-22]. Five transverse
sections (about 2-mm thickness) in the elbow ligaments were
obtained at the mid-portion of the anterior and posterior parts
of the MCL and LCL attaching near to the distal humerus as
well as anterior and posterior bundles of the MCL (AB-MCL

https://doi.org/10.12790/ahm.21.0113

and PB-MCL, respectively) attaching to the proximal ulna. The
specimens were fixed in 10% neutral buffered formaldehyde
solution and embedded in paraffin. And then the specimens
were stained by 0.1% picrosirius red solutions (Sirius Red F3B;
Sigma-Aldrich, St. Louis, MO, USA) after sectioning along
with the longitudinal direction of the fibers at 5 um, which
were similar to the previous papers [21,22]. The sections were
then examined under bright field and polarizing microscopy
and photographed at x 200 magnifications. Collagen fibers dis-
play uniformly as red or yellow color in type I, whereas as a
greenish color in type III under polarized light. The distribu-
tions of type I/III collagen were obtained by discriminating the
hue value of each pixel in the images of hue-saturation-bright-
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ness color model using i-solution software (IMT i-Solution
Inc., Vancouver, BC, Canada). Each of the hue values of colla-
gen type I and III was measured in three rectangular areas
(6,400 pmz), which were randomly selected, and collagen I/III
ratios were calculated (Fig. 5). Three sequential sections of each
specimen were examined to reduce sampling error.

S. Statistical analysis

The results were expressed as mean * standard deviation. A
nonparametric test was used because of the small number of
samples. The Friedman test was used to compare the mor-
phometry of the footprints of the ligaments around the elbow.
Repeated-measures one-way analysis of variance was per-
formed to compare topographical parameters in medial and
lateral lesions as well as collagen I/III ratios in four different le-
sions of the elbow ligaments. A post-hoc comparison using the
Tukey correction was made if the p-value was <0.05. The
Spearman correlation coefficient analysis was conducted be-
tween the topographical data of the elbow joint. A p-value of

Fig. 5. The histological images of the medial collateral ligament
under polarized light with picrosirius red staining (200x).
Greenish birefringence was type Il collagen whereas red-yellow
birefringence was type | collagen. Distributions of type I/Ill were
measured in three rectangular areas (6,400 um2), which were
randomly selected (dotted boxes).

Table 1. Morphometry of the footprints of the elbow ligaments

<0.05 was considered significant for all results. Analyses were
performed with IBM SPSS Statistics ver. 21.0 (IBM Corp., Ar-
monk, NY, USA).

RESULTS

1. Footprint morphometry of the medial collateral ligament
and lateral collateral ligament

Location of footprints of the MCL at the humerus was inferi-
or part of the medial epicondyle, whereas that of the LCL was
posteroinferior part of the lateral epicondyle (Table 1). Areas of
the MCL and LCL footprint attached to the humerus were
133.2%25.8 mm’ and 128.3+23.2 mm’, respectively, and the
difference was statistically significant (p=0.028). The differ-
ence in circularity ratio of humeral footprint between the MCL
and LCL was not significant (p=0.972). AB-MCL had a larger
area of footprint than the PB-MCL on the ulna (mean,
109.9+24.8 mm* vs. 89.2+19.6 mm? p=0.017). The LUCL

Collagen I/1ll ratio

hhli

LCL-Distal  LCL-Proximal ~ MCL-H MCL-UA MCL-UP

Fig. 6. Comparison of the collagen I/Ill ratio between the five
lesions of the elbow ligaments. The error bars represented the
standard deviation. LCL, lateral collateral ligament; MCL, medial
collateral ligament; MCL-H, humeral attachment of the MCL;
MCL-UA, ulnar attachment of anterior bundle of the MCL; MCL-
UP, ulnar attachment of posterior bundle of the MCL.

Ligament Mean width (mm) Mean height (mm) Area (mm?2) Perimeter (mm) Circularity ratio
MCL-H 122124 9.5+1.75 133.2+£25.8 452+58 1.2
MCL-UA 11.9+27 6.5+19 109.9+24.8 4231339 1.3
MCL-UP 123125 54+1.2 89.2+19.6 48.8+6.7 2.1
LCL-H 142+23 84120 128.3+23.2 443+5.6 1.2
LCL-U 31.7+4.6 22105 89.7£19.6 90.3+10.5 7.2

Values are presented as mean + standard deviation if otherwise specified.

MCL, medial collateral ligament; MCL-H, humeral attachment of the MCL; MCL-UA, ulnar attachment of anterior bundle of the MCL; MCL-UP, ulnar
attachment of posterior bundle of the MCL; LCL, lateral collateral ligament; LCL-H, humeral attachment of the LCL; LCL-U, ulnar attachment of LCL.
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showed a long narrow insertion on the ulna (circularity ratio,
7.23), and the size of the footprint on the ulna was smaller than
the humeral insertion (p=0.047).

2. Topographic analysis of the elbow

The result of topographic parameters of the elbow shows in
Table 2. The maximal distance between medial and lateral epi-
condyle averaged 52.8£2.76 mm. The width and height of the
medial epicondyle averaged 11.13£3.33 mm and 19.25£2.58
mm, respectively. The mean anteroposterior diameter of the
trochlea was 18.85+3.41 mm, and the size was not different
compared to the diameter of the structure measured in proxi-
mal-distal direction (p=0.001). The anteroposterior diameter
of the capitulum was 18.63 + 1.86 mm, and the size was not dif-
ferent from either proximal-distal diameter of the capitulum or
the size of the trochlea (all comparisons, p>0.05). Averaged
semilunar notch depth and olecranon angle were 12.39+2.19
mm and 27.24°+9.89°, respectively.

3. Correlations between the footprint parameters
The footprint area of the MCL humeral attachment was posi-

tively correlated with that of the LCL humeral attachment

Table 2. Topographical parameters

(r=0.627, p=0.039). The correlations between the footprint size
of the humeral attachment and footprint size of ulnar attachment
of AB-MCL and PB-MCL were not statistically significant
(r<0.475, p>0.05). No correlation was found between footprint
sizes of AB-MCL and PB-MCL, and between footprint sizes of
humeral and ulnar attachments in the LCL.

4. Correlations between the footprint size and computed
topographic parameters

The footprint size of the MCL humeral attachment was nega-
tively correlated with the diameter of the radial head (r=-0.606,
p=0.048). The footprint size of the AB-MCL was positively cor-
related to the semilunar notch depth (r=0.729, p=0.017), but no
correlation was observed between the other CT parameters. The
footprint size of the posterior bundle of the MCL was negatively
correlated with both the width and height of the medial epicon-
dyle (r=-0.754, p=0.012 and r=-0.681, p=0.030, respectively).

The footprint size of the LCL humeral attachment was nega-
tively correlated with the height of the radial head (r=-0.836,
p=0.001) and maximal diameter of the radial head (r=-0.662,
p=0.026), and positively correlated with the trochlea articular
width (r=0.624, p=0.040).

Parameter Indicator Mean parameter 95% Cl
Maximal intercondylar distance (mm) IcD 528428 480+2.8t056.0+2.8
Width of the medial epicondyle (mm) MeW 11.1+£33 58+3.31015.1+3.3
Height of the medial epicondyle (mm) MeH 19.3+2.6 16.1+£2.6t023.8+2.6
Trochlea articular width (mm) TaW 264+3.4 204+3.41t0305+3.4
Trochlea articular depth (mm) TaD 6.6+ 1.4 42+14t085+1.4
Anteroposterior diameter of the trochlea (mm) ApD 18.8+2.4 144+24t0225+24
Proximodistal diameter of the trochlea (mm) PdD 20.1+29 140+29t024.0+29
Diameter of the radius head (mm) RD 21.3+1.1 19.3+1.1t026.2+ 1.1
Height of the radius head (mm) RH 100+ 1.4 70+141t013.81+1.4
Depth of the semilunar notch (mm) SeD 124+2.2 95+22t016.4+22
Angle of the olecranon () ¢ 27.2£99 14.7+£9.9 10 40.8+£9.9

Values are presented as mean + standard deviation. Cl, confidence interval.

Table 3. Comparison of the collagen I, Il and I/lll ratio between the five lesions of the elbow ligament

Ligament Collagen |, green (um2) Collagen IIl, red-orange (um?) Collagen I/Ill ratio
LCL-Distal 2,164.4+1,560.0 2,184.8+1,086.4 3.8+1.2
LCL-Proximal 1,633.3+1,316.7 2,793.0+858.1 3.0+£0.2
MCL-H 1,439.3+£1,249.8 2,782.7+1,000.7 41106
MCL-UA 2,426.4+1,302.9 2,330.4+885.7 1.7+£03
MCL-UP 1,347.7+£1,097.3 2,502.9+934.7 34+1.1

Values are presented as mean + standard deviation.

LCL, lateral collateral ligament; LCL-Distal, distal of humeral attachment of the LCL; LCL-Proximal, proximal of humeral attachment of the LCL; MCL,
medial collateral ligament; MCL-H, humeral attachment of the MCL; MCL-UA, anterior bundle of ulnar attachment of the MCL; MCL-UP, posterior

bundle of ulnar attachment of the MCL.

https://doi.org/10.12790/ahm.21.0113
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S. Characteristics of collagen types in the elbow ligament
The results of the collagen I/III ratios for five different sections
of the elbow ligament were shown in Table 3 and Fig. 6. The colla-
gen I/III ratio of the humeral attachment of the MCL was
4.12£0.63, which was the greatest among the five sections, and
the difference was significant compared to its distal attachments.

DISCUSSION

The elbow has medial and lateral ligamentous structures that
provide stability to the elbow reinforcing the anatomic congru-
ity of the osseous anatomy. The medial collateral ligament itself
consists of two parts; anterior and posterior bundle. Generally,
it has been known that the anterior bundle of the MCL origi-
nates in the medial epicondyle and inserts in the sublime tu-
bercle providing stability against valgus displacement while the
posterior bundle of the MCL originates from the medial epi-
condyle and inserts on the olecranon and its contracture limits
elbow flexion [8,23]. Dugas et al. [13] described that the mor-
phologic characteristics of the anterior band of the MCL in 13
fresh-frozen cadaveric specimens. These authors found that
footprint sizes of the MCL anterior bundle were larger than
their sizes at the humeral attachment, where sizes of the hu-
meral and ulnar attachments were 45.5 mm’ and 127.8 mm’,
respectively. However, our study found that the footprint areas
of the MCL attached to the humerus and the anterior and pos-
terior bundles attached to the proximal ulna were 133.20
+25.81 mm’, 89.15+19.57 mm’, and 109.90+24.75 mm”, re-
spectively. The prior investigations have evaluated the inser-
tional footprints of the ligament based on the measurements
obtained from vernier digital caliper, which are unable to accu-
rately measure the area of nongeometric shapes with irregular
contours, such as those associated with anatomic footprints
[1,11]. Conversely, 3D anatomy of soft tissue reconstructed by
using micro-CT like our study would provide a considerably
accurate and precise measure of the complex structure [12-14].

The MCL is known to be attached to the sublime tubercle.
However, Farrow et al. [24] reported a long ulnar attachment of
the MCL along the medial aspect of the proximal ulna, of
which structure is nominated as the MCL ridge. The authors
found these osseous and ligamentous structures in all cadaveric
specimens. In contrast, Fuss [6] identified a long ulnar attach-
ment in only 1 of 20 specimens. Accordingly, we did not ob-
serve this anatomic variant which is a definitely long ulnar at-
tachment of the MCL described by Farrow et al. [24]. Instead,
we only noted the osseous ridge related to the sublime tubercle
in 3D reconstruction images.
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The LCL, especially LUCL, confers stability to the radiocapi-
tellar and ulnohumeral articulations and demonstrated some
variability in interindividual anatomy [1]. Most literatures have
suggested that the LUCL is the most important stabilizing part
of the lateral ligament complex [9,25,26]. Capo et al. [12] re-
ported that the LUCL had a mean origin footprint of 136 mm”
at the distal humerus and an insertional footprint of 142 mm”
at the proximal ulna, and the sizes of LUCL footprint at the ori-
gin and insertion were 59% and 8% of footprint of the MCL,
respectively. Similarly, our study demonstrated that sizes of
LCL footprints were 128 mm” at the humeral origin. However,
the LCL footprint measured at the distal ulnar insertion was 89
mm?’, which is different from the data of Capo et al. [12]. Un-
like the medial side, distinct fascicles of the LCL complex can-
not be clearly individualized. Despite that the LUCL usually
reaches the supinator crest but also further distally onto the
shaft of the ulna [6,8], the previous literature roughly measured
distal insertional footprint. Furthermore, the study relied on
measurements obtained from computer-assisted digitizing sys-
tem which cannot accurately define irregular area of interest.
Knowledge of distal long insertion of the LUCL, as seen in our
study, is useful to help guide an anatomic reconstruction and
therefore restore biomechanics and elbow range of motion, es-
pecially when injury to these structures makes determining ac-
curate footprint positions challenging [13].

Although much is already known about the anatomy of the
MCL and LCL, to the best of our knowledge, no prior study has
demonstrated the correlation between footprint sizes of MCL
and LCL and radiologic humeral parameters [12,13,23]. We
found that size of MCL humeral attachment was positively cor-
related with that of the LCL humeral attachment, but size of
both humeral footprints had a weak correlation with each size
of distal insertional footprints. The fiber bundles could be seen
quite differently from one another when the several parts of the
collateral ligament were dissected and divided into several fiber
bundles. Furthermore, some ligament fibers originated from the
humerus might be combined with the capsular structure [6].

The mechanical properties of ligaments are strictly related to
both collagen arrangement of type I and III and collagen fibril
size, advising that collagen fiber bundle arrangement presum-
ably differs from ligament to ligament [27-29]. An increase in
the percentage of type III collagen in a healed ligament resulted
in decreasing its mechanical property, whereas an increase of
type I than type II collagen resulted in increasing mechanical
property [27,28]. Fuss [6] described that the anterior fiber bun-
dle of the MCL is much more closely packed than the posterior
part. However, we did not find any difference in collagen I/IIT

https://doi.org/10.12790/ahm.21.0113
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ratios between in proximal and distal parts of both the MCL
and LCL. This indicates that the internal mechanical properties
of the collateral ligaments were similar whether their stumps
are proximal or distal and anterior or posterior. Consequently,
the mechanical strength of the LCL and MCL might be deter-
mined based on the size of the ligament rather than pattern of
collagen arrangement [27,29].

The MCL is the primary stabilizer to valgus moment, where-
as the radial head contributes minimally to valgus stress [8,30].
Our hypothesis for the findings of present study which showed
a negative correlation between the footprint size of the MCL at
humeral side and size of the radial head would be that strong
constraint due to thick MCL does not require a large radial
head. In addition, the footprint size of the AB-MCL was posi-
tively correlated with the semilunar notch depth. Because little
has been published on the correlation between anatomy of the
MCL and radiologic parameters, we could not prove this find-
ing. However, it’s our assumption that the deeper semilunar
notch requires the larger area of soft tissue coverage which
might be critical for resisting valgus moment [30].

There are several limitations to this study. First, this study
had a small number of specimens. However, the consistency of
distinct footprint patterns of the LUCL and MCL in all speci-
mens indicates that our description is reliable. Second, this
study was not based on the elbow parameters measured in sim-
ple radiography, which may be limitedly applied to clinical per-
spectives. Third, this study was less clearly visualization of the
footprints by painting them with contrast media on the lesion
of interest. Fourth, this study included some old-aged speci-
mens. Because degenerative change around the elbow might
lead to deformation of topographic morphometry of the foot-
print, our data might skew the statistics. Finally, the measure-
ment of the distribution of collagen type I/III ratio was depen-
dent upon observer factors, such as how much the hue value of

each pixel was discriminated in the images.

CONCLUSION

This study demonstrated that the topographic anatomy of
the attachment of the LUCL and MCL providing primary varus
and valgus stability of the elbow and assessed their relation-
ships with bony parameters. There was a negative correlation
between the footprint size of the MCL at humeral side and size
of the radial head as well as a positive correlation between the
footprint size of the AB-MCL and the semilunar notch depth.
A better understanding of the MCL and LCL and their rela-
tionship with osseous anatomy will assist with anatomic recon-

https://doi.org/10.12790/ahm.21.0113

struction of the ligaments.
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