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Contrasting alteration patterns of different cartilage plates in knee
articular cartilage after spinal cord injury in rats
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Study design: Experimental, controlled trial, animal study.

Objective: To assess morphologic changes in different cartilage plates after spinal cord injury and
identify the localization of these alterations.

Setting: Saitama, Japan.

Methods: A total of 16 Wistar rats were used. Eight rats underwent a spinal cord injury and eight rats
had no intervention as control. The cartilage alterations of the knee joint were evaluated with
radiography and histomorphometric analysis. To quantify cartilage alterations, we selected the
histologic characteristics: thickness of the articular cartilage, number of chondrocytes, matrix staining to
toluidine blue as a reflection of proteoglycan content and surface irregularity.

Results: No differences in knee joints were found between the groups by radiography. In the medial
knee joint, cartilage thickness of spinal-cord-injured knees increased at the anterior femoral region and
decreased at the tibial and posterior femoral regions; however, in the lateral knee, that of spinal cord
injuries did not change compared with control knees. Spinal cord injuries decreased the number of
chondrocytes, especially at the anterior femoral regions. Matrix staining increased partially at the tibial
regions. Surface irregularity of spinal-cord-injured knees was comparable to that of control knees in all

cartilage plates.
Conclusion:

The present findings exhibit characteristics of the cartilage after spinal cord injury. These

alterations were different in nature between the medial and lateral regions. Future studies should assess
separately different cartilage plates, to overestimate these severities when the changes at the medial
knee were examined and to underestimate when the changes at the lateral knee were examined.
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Introduction

Spinal cord injury (SCI) causes unloading and restricted
movement of the lower limb joints for substantial periods of
time.' The joints after SCI have been described as under-
going contractures,*”’ osteoarthritis,®> alterations of the
periarticular connective tissue,** joint space narrowing and
periarticular osteoporosis.® Several studies have also been
reported the influence of SCI on the articular cartilage of the
knee joint. Enneking and Horowitz* histologically observed
the sagittal section in a human knee joint with SCI of 3 and
1-1/2 years’ duration and found that the articular cartilage
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was normal. Unlike this report, Vanwanseele et al.*?

identified the progressive thinning of the human knee
cartilage after SCI. Furthermore, we have recently found
the changes of the cartilage thickness, the number of
chondrocytes and the cartilage matrix staining in the medial
knee cartilage of rats with SCL’

Cartilage alterations after SCI have been described in
relation to alterations obtained on various animal models
with the suppression of mechanical forces by unloading and
immobilization. The results of these animal studies have
indicated that changes during immobilization may differ
between different cartilage plates of the knee,'® and showed
different patterns of alterations between the superficial and
deep cartilage, based on the different mechanical conditions
specific for each site.'! Taken together, we have previously
verified the influence of mechanical forces on the articular
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cartilage after SCI and proposed that cartilage alterations
would not be explained by only a suppression of mechanical
forces;” however, because of the high interregion variability
in morphologic cartilage properties, a previous experiment
in only the medial knee cartilage did not allow us to reliably
negate the influence of mechanical forces.

The goal of this study was to identify the localization of
cartilage alterations after SCI in different cartilage plates,
including the lateral knee joint. To reach our goal, we
quantified histologic articular cartilage alterations in a rat
model with SCI.

Materials and methods

Experimental design

This study was carried out in accordance with the guide for
the institutional committee of laboratory animals. Sixteen
female Wistar rats (CLEA Japan Inc., Tokyo, Japan), 8 weeks
old, weighing 170-194g, were randomly divided into
control and SCI groups. The right and the left knee joint of
each animal served as different samples. Total 32 knees were
assessed relative to the time after intervention, and they
were 4, 8, 10, and 12 weeks.

Surgical procedures

Surgical procedures and postoperative care conformed to our
previous reports.>”° The eight SCI animals were anesthetized
by intraperitoneal administration of 40mgkg~' sodium pen-
tobarbital. After the spinal cord was exposed by a laminectomy
of the T8 vertebra, it was completely transected at the level of
T8. The eight rats in the control group had no intervention.

Radiographic evaluation

At the end of the experimental period, while under general
anesthesia, radiographs of the knee were taken with a digital
microradiography unit (uFX-1000; Fuji Photo Film Co.,
Tokyo, Japan). They were exposed to the Imaging Plate
(Fuji Photo Film Co.) for 10s at 40kV and 100mA. The
digital radiographs were obtained with an imaging analyzer
(BAS-1800; Fuji Photo Film Co.).

Tissue preparation and staining
After the radiography, the animals were perfused from

ascending aorta with 4% paraformaldehyde in phosphate-
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buffered saline at pH 7.4. The knee joints including the
patella and joint capsule were resected and kept in the same
fixative for an additional 18h at 4 °C. The fixed specimens
were decalcified with 10% ethylenediaminetetraacetic acid
in 0.1M tristhydroxymethyl)aminomethane hydrochloric
acid (pH 7.4) for 42-89 days at 4°C. After decalcification,
the specimens were embedded in paraffin. Standardized 5 pm
serial sections were obtained at the medial and lateral mid-
condylar level in the sagittal plane and then were stained
with safranin O fast green or toluidine blue.

Quantitative histology

Determination of measurement sites. Femoral and tibial
cartilage alterations at the medial and lateral mid-condylar
level were determined at the eight regions with the methods
of O’Connor (Figure 1).'> In addition, the superficial
cartilage was defined as the area from the cartilage surface
down to a depth of 30 um and the deep cartilage was from
the tidemark up to a depth of 30 um."!

Cartilage thickness. Cartilage thickness was defined as the
distance between the cartilage surface and the osteochondral
junction.” 12 Histologic sections were digitized by a x4
microscope objective with a light microscope and a camera.
At each region (anterior femoral, FA; posterior femoral, FP;
anterior tibial, TA and posterior tibial, TP regions), a 1 mm
long stretch of the cartilage surface was defined and the area
of the cartilage under this stretch was measured, following
the osteochondral junction. The mean thickness of the
cartilage was calculated by dividing the area by 1 mm.

Number of cells. The number of chondrocytes at each of the
eight regions was counted separately in the superficial and
deep cartilage. The standardized rectangular field (30 pm
deep and 400 um long) was superimposed over the histologic
sections. We counted manually chondrocytes within the
rectangular field.’

Cartilage  matrix  staining. Under standardized light
conditions, the histologic sections stained with toluidine
blue were digitized as per the measurement of cartilage
thickness. Rectangles (30 um deep and 400 um long) were
superimposed to the superficial and deep cartilage. Intense

Lateral

Diagrams of eight articular cartilage regions in femoral condyle and tibial plateau of the right knee joint. Femoral articular surface

(a). Tibial articular surface (b). Cartilage regions were defined according to their positions in embedded joints where the knee joint was
positioned at an angle of 125°. The anterior femoral (FA) and anterior tibial (TA) regions were defined as the regions of articular cartilage
located between the inner edges of the anterior and posterior meniscal horns. The edge of the posterior femoral (FP) region was located 20 um
beyond the outer edge of the posterior meniscal horn, and the posterior tibial (TP) cartilage was located adjacent to the posterior horn of the
meniscus. Knee flexion contractures develop in our models with SCI, as we have reported previously.>~ Therefore, the FA cartilage corresponds
to unapposed regions (no contact between cartilage surfaces) of the flexed knee. The FP, TA and TP regions are located at apposed regions

(where the articular cartilages of two bones contact each other).®

219

Spinal Cord



-

Cartilage alteration after spinal cord injury
H Moriyama et al

220

metachromatic areas at 10 evenly spread points within the
standardized rectangular field were measured automatically:
on digitized images, intense metachromatic areas were the
darkest on a gray scale, where black is 0 and white is 255.1!
The average staining intensity of the 10 points constituted
the matrix staining.

Cartilage surface irregularity. Quantitative histologic mea-
sures as established by Trudel et al.'® were modified and used
in determining the irregularity of articular cartilage surface
after SCI. The cartilage contour files were opened with
LabVIEW 8.5 (National Instruments Japan Co., Tokyo, Japan)
using programs developed by the author. We measured the
distances between a reference point and each pixel in
digitized images of a cartilage contour line and then
calculated the absolute value of the second derivative of
these distances. Portions of the cartilage contour line that
exceeded a threshold of 8.2um per pixel®> were considered
irregular.

Statistical analysis

Statistical analyses were conducted with SPSS 15.0] for
Windows (SPSS Japan Inc., Tokyo, Japan). All values in the
text and table are presented here as median with inter-
quartile ranges. Differences between the control and SCI
groups were compared at each time point by Mann-Whitney
U-test. We assessed over time the differences within each
group by using the Kruskal-Wallis test with post hoc Steel-
Dwass tests. An « of less than 0.05 was chosen as the
significance level for all statistical analyses.

Results

Radiographic findings

No narrowing of the joint space, overgrowth of the
epiphyses, and osteophyte were observed in knee joints after
SCI, and there was not a different appearance from the
control knees (Figure 2). However, bone atrophy of the femur
and the tibia in the SCI group, especially the proximal tibia
after 8 weeks, were detected compared to that of the control

group.

Cartilage thickness

The mean cartilage thickness for the FA, FP, TA and TP
regions of the femur and tibia at the medial and lateral level
are shown in Table 1. At the medial mid-condylar region of
the knee, articular cartilage at the FA region was significantly
thicker in the SCI group than in the control group at all time
points (P<0.05; Figure 3). Conversely, the FP cartilage was
thinner in SCI rats than in control rats at all time points
(P=0.02; Figure 3), the TA cartilage was thinner at 4 and 8
weeks (P=0.04), and TP cartilage was thinner at 4 and 12
weeks (P<0.05). At the lateral regions of the knee, in
contrast with the medial regions, neither femoral nor tibial
cartilage of the SCI knees presented any significant differ-
ences in thickness compared with control knees at any time
point from 4 to 12 weeks (P>0.05; Figure 3).

Spinal Cord

4 weeks
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Figure 2 Radiographs of rat hindlimbs at the end of the
experimental period. Bone atrophy in the spinal cord injury (SCI)
group was detected compared to that of the control group, but
there were no differences between the groups in the knee joint.

Number of chondrocytes

Table 2 shows the results of the number of chondrocytes at
the FA, FP, TA and TP regions in the superficial and deep
cartilage. At the medial histologic sections, the FA cartilage
in SCI knees contained significantly fewer chondrocytes
than in control knees at 8 and 10 weeks in the superficial
cartilage and at 4, 8 and 12 weeks in the deep cartilage (all
P<0.03). SCI also decreased the number of chondrocytes at
the TA region (P=0.019) and the TP region (P=0.02)
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Table 1 Mean thickness of femoral and tibial articular cartilages

8 weeks

10 weeks

12 weeks

Regions Groups 4 weeks
Medial
FA Control 136.9 (135.7, 139.5)
Nel| 182.2 (179.1, 185.4)?
FP Control 279.1 (272.9, 285.4)
Nel 183.3 (172.9, 191.8)°
TA Control 280.1 (272.8, 292.8)
SCl 243.0 (233.1, 251.0)°
TP Control 270.5 (261.2, 287.7)
Nel| 218.2 (211.7, 230.5)°
Lateral
FA Control 137.5(132.7, 140.9)
SCl 105.8 (104.6, 116.6)
FP Control 177.8 (173.8, 185.7)
SCl 165.6 (136.4, 187.6)
TA Control 214.1 (210.1, 231.4)
SCl 198.1 (187.9, 216.0)
TP Control 205.9 (198.5, 226.3)
SCl 164.5 (143.3, 190.0)

130.6 (122.1, 141.7)
218.3 (209.5, 229.5)*
277.2 (236.5, 313.1)
177.5 (166.6, 187.0)°
265.0 (256.7, 273.3)
225.4 (206.9, 243.3)°
243.4 (237.5, 249.9)
197.6 (192.1, 209.7)

139.1 (134.8, 141.6)
152.8 (145.0, 161.4)
170.9 (169.6, 172.4)
164.4 (156.2, 171.1)
220.2 (159.4, 282.8)
190.9 (168.5, 218.9)
217.1 (153.6, 285.7)
143.4 (138.2, 163.4)

132.5 (118.4, 146.3)
170.5 (156.3, 185.9)
279.3 (268.9, 291.4)
166.9 (154.0, 183.3)°
325.7 (287.8, 361.0)
285.4 (257.5, 298.6)
239.7 (181.7, 264.7)
217.5 (203.0, 238.4)

125.9 (116.5, 135.1)
149.7 (142.6, 152.2)
163.7 (157.3, 175.4)
169.4 (155.9, 175.3)
188.4 (170.6, 192.0)
219.2 (200.2, 236.5)
152.9 (140.5, 164.3)
181.5 (175.1, 192.7)

124.9 (121.3, 127.7)
190.9 (180.4, 198.7)?
300.7 (292.1, 311.8)
192.1 (187.9, 199.5)°
321.4 (289.9, 336.1)
231.8 (209.1, 253.3)
284.4 (278.0, 301.2)
240.9 (221.6, 248.6)°

116.4 (94.0, 137.0)
128.4 (123.3, 136.6)
207.5 (189.9, 220.8)
160.1 (149.3, 173.4)
165.7 (159.6, 170.3)
190.6 (171.3, 225.8)
150.5 (142.5, 157.0)
152.6 (122.7, 198.0)

Abbreviations: FA, anterior femoral; FP, posterior femoral; SCI, spinal cord injury; TA, anterior tibial; TP, posterior tibial.

Displacement values are given as median (interquartile range) um.

?Cartilage was significantly thicker in the SCI group than in the control group.
bCartilage was significantly thinner in the SCI group than in the control group.

(8 weeks in the superficial cartilage and 10 weeks in the deep
cartilage, respectively). The number of chondrocytes in the
SCI group increased only at 4 weeks in the FP superficial
cartilage when compared with the control group (P=0.02).
At the lateral regions, we counted significantly fewer
chondrocytes in SCI knees at 4, 8 and 10 weeks in the FA
superficial cartilage (P<0.05).

Matrix staining intensity

Cartilage matrix of SCI knees stained significantly more than
the matrix of control knees at the medial TA region of deep
cartilage (4 weeks, 26.3 (23.1, 29.2) vs 35.8 (33.1, 37.8); 10
weeks, 24.8 (23.3, 25.5) vs 30.3 (28.3, 32.3), P=0.04), at the
medial TP region of deep cartilage (4 weeks, 27.3 (24.4, 29.3)
vs 37.8 (35.9, 41.0), P=0.02) and at the lateral TP region of
superficial cartilage (4 weeks, 22.6 (21.8, 23.3) vs 27.6 (25.5,
28.9), P=0.04). At the medial FP region, SCI matrices stained
less than did that of the control knees only at 10 weeks in the
superficial cartilage (49.7 (47.0, 53.6) vs 33.9 (32.4, 34.4),
P=0.02).

Surface irregularity

SCI did not affect the smooth surface of articular cartilage
when compared with control group at any time point after
intervention (P> 0.05; results not shown).

Discussion

The objective of this study was to quantify the morphologic
changes of knee cartilage after SCI and identify the
localization of cartilage alterations. Our findings indicate
that cartilage alterations after SCI may differ between
different cartilage plates and differ from alterations obtained
on animal models with the suppression of mechanical forces.

Control SCI

Lateral FA Medial FP Medial FA

Lateral FP

Figure 3 Photomicrographs of the medial (10 weeks) and lateral
(12 weeks) femoral articular cartilage in rats. At the medial mid-
condylar histologic sections, the anterior femoral (FA) cartilage was
thicker in the SCI group than in the control group. The thickness at
the medial posterior femoral (FP) region decreased, and the
subchondral bone penetrating into the cartilage was prominent.
No differences between the groups were observed at the lateral
regions. Toluidine blue staining. Scale bar =200 pm.
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Table 2 Number of chondrocytes in a 30 x 400 mm area of articular cartilage

8 weeks

10 weeks

12 weeks

Regions Groups 4 weeks
Medial
FA
Superficial Control 44.0 (40.0, 48.3)
SCl 32.5 (30.8, 35.8)
Deep Control 25.0 (22.5, 27.3)
SCl 18.0 (16.0, 19.5)?
FP
Superficial Control 33.0 (31.0, 35.5)
SCl 46.0 (42.5, 51.3)*
Deep Control 18.0 (17.5, 18.5)
SCl 18.0 (15.3, 20.5)
TA
Superficial Control 30.5 (29.8, 32.3)
SCl 33.0 (28.3, 36.0)
Deep Control 17.0 (16.0, 18.5)
SCl 17.0 (16.5, 17.3)
TP
Superficial Control 37.5 (34.0, 40.8)
SCl 33.0 (29.5, 34.5)
Deep Control 17.5 (14.5, 20.5)
SCl 13.5(12.0, 15.0)
Lateral
FA
Superficial Control 49.0 (46.5, 53.3)
SCl 40.5 (39.3, 42.3)*
Deep Control 32.0 (30.0, 34.3)
SCl 24.5 (21.0, 27.5)
FP
Superficial Control 37.5 (32.8, 42.0)
SCl 34.0 (27.8, 42.0)
Deep Control 23.5 (20.3, 26.0)
SCl 17.5 (16.0, 20.0)
TA
Superficial Control 44.0 (40.5, 50.8)
SCl 38.0 (32.8, 46.5)
Deep Control 21.5 (20.0, 24.8)
SCl 20.5 (19.0, 23.3)
TP
Superficial Control 43.0 (36.5, 49.5)
SCl 33.0 (27.0, 38.5)
Deep Control 20.5 (19.8, 23.3)
SCl 20.0 (18.8, 21.3)

48.0 (45.0, 51.3)
32.0 (29.5, 34.5)°
30.0 (28.8, 32.0)
15.5 (15.0, 16.5)°

33.5 (32.3, 34.5)
36.5 (33.5, 39.0)
17.0 (14.8, 22.5)
19.5 (16.0, 22.3)

34.5 (33.8, 35.8)
29.5 (27.0, 32.0)°
19.5 (18.0, 21.5)
16.0 (15.0, 17.8)

34.5 (30.5, 37.3)
28.0 (26.8, 29.3)
19.0 (16.8, 21.8)
16.5 (15.5, 17.3)

55.0 (53.0, 55.0)
42.5 (36.5, 46.3)°
32.5(24.8, 39.3)
31.5 (26.8, 33.0)

45.5 (38.3, 51.8)
33.0 (28.3, 38.8)
27.0 (24.0, 29.3)
19.0 (17.8, 20.0)

43.0 (38.0, 48.3)
32.0 (28.8, 34.8)
21.5(19.8, 26.3)
21.0 (19.3, 22.0)

37.0 (28.8, 48.0)
29.0 (26.5, 33.5)
16.5 (12.8, 21.5)
23.0 (17.8, 27.0)

44.5 (40.8, 48.5)
30.0 (28.5, 31.3)°
28.0 (22.5, 33.3)
19.5 (15.8, 23.5)

34.0 (32.5, 37.3)
34.0 (33.5, 35.5)
19.5 (15.8, 24.5)
22.0 (19.3, 24.5)

29.0 (27.8, 31.3)
33.0 (31.0, 35.5)
19.0 (17.8, 20.5)
15.0 (13.8, 16.5)

33.5 (29.5, 37.8)
30.0 (28.0, 33.3)
20.0 (19.8, 21.5)
13.5 (9.8, 16.3)°

56.5 (45.8, 64.0)
43.0 (38.0, 47.3)°
32.0 (30.0, 39.0)
27.5 (25.8, 30.0)

41.0 (36.8, 43.5)
42.5 (34.8, 50.5)
27.0 (24.0, 34.5)
31.0 (29.3, 34.0)

37.5 (32.8, 46.0)
32.5 (29.5, 36.0)
23.5 (19.0, 29.5)
22.0 (20.5, 23.5)

37.5 (32.0, 47.3)
33.0 (27.8, 40.0)
27.5(19.3, 37.3)
19.0 (17.3, 21.5)

49.5 (47.3, 53.0)
35.5 (33.0, 39.8)
28.5 (24.3, 34.0)
19.0 (17.8, 19.5)°

36.0 (31.8, 40.5)
37.0 (33.5, 38.3)
18.0 (15.5, 20.8)
28.0 (25.8, 28.3)

31.0 (26.8, 35.8)
33.5 (26.5, 37.3)
16.5 (14.3, 18.5)
12.5(11.3, 13.3)

34.0 (31.0, 34.3)
34.5 (31.8, 36.8)
20.0 (16.8, 22.0)
18.5 (17.0, 19.0)

42.5 (36.0, 51.3)
37.0 (34.8, 40.8)
28.0 (26.0, 30.0)
26.5 (23.0, 29.3)

33.5 (29.0, 37.8)
33.0 (29.5, 38.0)
24.5 (21.8, 27.3)
23.0 (16.8, 28.8)

39.0 (35.3, 42.5)
27.5(26.8, 30.3)
18.0 (15.8, 20.3)
17.0 (15.0, 18.5)

34.0 (32.8, 35.3)
35.0 (30.3, 39.5)
20.0 (17.8, 21.5)
18.0 (15.0, 21.8)

Abbreviations: FA, anterior femoral; FP, posterior femoral; SCI, spinal cord injury; TA, anterior tibial; TP, posterior tibial.

Displacement values are given as median (interquartile range) pm.
aSignificant differences between the control and SCI groups.

Radiologic assessment revealed that no narrowing of the
joint space was observed in the SCI group, whereas bone
atrophy of the femur and the tibia was detected compared to
that of the control group. This result is congruent with the
bony changes reported in SCI animal studies.'* Only two
prior radiographic studies have attempted to evaluate the
influence of paralysis on the human articular cartilage in the
lower extremity joints.®*'® In one study, radiographic
evidence of narrowing of the hip joint space by >50% in
25 of 200 patients with flaccid paralysis was identified.'> The
other study showed joint space narrowing and periarticular
osteoporosis in patients with neuromuscular disorders.®
However, radiography cannot directly visualize cartilage,
nor can it discriminate between different cartilage plates in
the knee.??

Spinal Cord

We have found cartilage thickness changes only in the
medial knee, without changes in the lateral knee, after
SCI. The mean thickness of the medial knee joint after
SCI increased at unapposed regions (FA region) and
decreased at apposed regions (FP, TA and TP regions). On
the basis of mechanical forces, evidence has been reported
that cartilage becomes thicker at weight-bearing regions of a
joint'® and atrophies at regions subjected to decreased
loading.!” Results of this study are in contrast with these
studies. The thinning of the human cartilage in paralytic
joints has been advocated over the years.?>*%1% Vanwanseele
et al.>* measured the thickness of the human knee cartilage
after SCI using three-dimensional magnetic resonance
imaging. After 6 months of injury, the mean -cartilage
thickness was less in the medial tibia but not in the lateral



tibia of SCI patients compared with age-matched healthy
volunteers.? Although this thinning is compatible with those
found in this study, we further confirmed contrasting
differences between the FA and FP regions of the medial
knee joint.

We have shown that the number of chondrocytes
decreases especially at the FA region (unapposed regions) in
both the superficial and deep cartilage of the medial knee
joint and in the superficial cartilage of the lateral knee after
SCI. Thaxter et al.'® reported fewer chondrocytes at apposed
regions but not at unapposed regions after unloading with
immobilization. Trudel et al.'' found that based on the
different mechanical conditions immobilized knees har-
bored fewer chondrocytes in the superficial cartilage at
apposed regions and in the deep cartilage at unapposed
regions. In either case, these results are not also in line
with ours.

Decreased matrix density with toluidine blue staining
strongly correlates with a decrease in proteoglycan con-
tent.!! Depletion of proteoglycan is a common feature of
cartilage alterations observed in various animal models with
the suppression of mechanical forces.'! Earlier, we reported
that cartilage matrix of medial SCI tibia stained less than that
of control at 8 and 12 weeks in the whole uncalcified
cartilage combined with the supetficial and deep cartilage.’
However, in this study, we measured separately the
superficial and deep cartilage, and found that SCI increased
the proteoglycan content in the deep cartilage of the medial
tibial regions at 4 and 10 weeks. Experimentally, excessive
forces were detrimental to cartilage, but milder forces led to
early secretion of aggrecan mRNA.' In the SCI rat, the
mechanical forces related to spasticity (involuntary move-
ments and agonist-antagonist co-contractions)>” may be
milder forces for cartilage.

Surface irregularity is one consistent feature of cartilage
alterations resulting from various diseases associated with
the suppression of mechanical forces.!* Trudel et al.'®
designed the methods applied here to quantify cartilage
surface irregularity and found that irregularities appeared
after only 2 weeks of immobilization, continued to increase 4
and 8 weeks after intervention and plateaued thereafter.
However, at both the medial and lateral region of the knee
joint after SCI, no surface irregularities of cartilage have been
observed.

Finsterbush and Friedman®® compared articular changes
after peripheral denervation with those after immobilization
and found specific changes caused by neurectomy. The
present findings exhibit characteristics of the articular
cartilage after SCI and would not be explained by only a
suppression of mechanical forces. Further studies will there-
fore have to clarify the pathogeneses of cartilage alterations,
including an influence through nerve tissues.

SCI caused cartilage alterations that were very different in
nature between the medial and lateral knee, and that were
more severe at the medial regions and were milder at the
lateral regions. Although our results can be applied to
humans with SCI remains controversial, different patterns
of alterations between different cartilage plates may cause an
alteration in the congruity of the joint surfaces, and thus

Cartilage alteration after spinal cord injury
H Moriyama et al

cause changes in the stress distribution throughout the joint.
Why cartilage alterations differ between different cartilage
plates, however, is unclear but warrants examination. Future
research should assess separately different cartilage plates, to
overestimate these severities when the changes at the medial
knee were examined and to underestimate when the changes
at the lateral knee were examined.
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