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Abstract :

(Hhjective To determine the failure mode of depressive osteochondral fracture under the maximum
compressive load.

Design : An experimental cadaveric study. A compressive load was applied through an indenter
on a femoral condyle to create a depressive osteochondral fracture until the maximum load was reached.
Background :  Most depressive osteochondral fractures occur without a gross articular cartilage injury

because a large amount of load is reabsorbed by the surrounding tissues, especially the subchondral bone
under the cartilage. We asked what the mode of depressive osteochondral fracture is. It might function as
a load absorber from the articular cartilage.

Methaods : Three groups of depressive osteochondral fractures were studied. Group 1 consisted of
12 pieces of middle third of normal median and lateral femoral condyles. Groups 2 and 3 consisted of 12
pieces of osteoporotic and osteosclerotic middle third of both femoral condyles. Using a universal testing
machine, a depressive osteochondral fracture was created by applying a uniaxial compressive load through
an indenter until the load rose to the maximum level. At that point, the load applied was stopped in order
to minimize the extent of subchondral trabeculae fracture. Maximum load was recorded. Pressure and
stiffness were caleulated. The pattern of depressive fracture was studied histologically.

Results : The failure mode of depressive osteochondral fracture was such that the bone under the
articular cartilage had a subchondral plate fracture, an interlacing of bone trabeculae under the plate,
and a few fractures of the bone trabeculae. The interlacing of subchondral bone trabeculae was most
evident in the normal bone as compared with the vsteoporotic and osteoselerotic bones. The osteosclerotic
hone failed at the highest load, while the osteoporotic bone failed at the lowest.

Conclusion :  The subchondral plate fracture and the interlacing of subchondral bone trabeculae under
the plate are the characteristics of the failure mode of depressive osteochondral fracture. This failure
mode oceurs before there is a discernible fracture of the subchondral bone trabeculae, The amount of load
causing a fracture depends on the quality of the bone,

Relevance : The failure mode, especially the interlacing of subchondral bone trabeculae, might funetion
as a load absorber from the articular eartilage. Therefore, the quality of subchondral bone is important
for protection of the articular cartilage from compressive load injury.
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INTRODUCTION

Most depressive osteochondral Tractures
invoelve the articular cartifage and metaphyseal hone.
However, the articular cartilage of the fracture
fragment shows no gross injury'®® because the
excessive load on the articular cartilage is reabsorbed
by the surrounding tissues through scme
mechanisms™.  This study was carried out Lo
investigate the failure mode of depressive
osteochondral fracture under the maximum load. It
may shed light on the load absorption mechanism
that protects the articular cartilage [rom load injury.

MATERIALS AND METHODS

Three groups of depressive osteechondral
fractures were studied. In group 1, 3 pairs of normal
femoral condyles with no history of metabolic bone
disense or tumor were obtained from 24, 26, and 31-
year-old cadavers, A femoral condyle was
osteotomized at medial and lateral condyles with a
bone saw to obtain a specimen aof the middle one-
third of the femoral condyle including the articular
cartilage. ‘The specimen was 2x3 cm in size and | cm
thick at the middle. Twelve pieces of specimens were
prepared.

In group 2, 12 pieces of osteaporotic femoral
condyles were obtained from 65 1o 7(-year-old female
patients who had undergone a total knee arthroplasty
procedure. In group 3, another 12 pieces of
osteosclerotic femoral condyles were obtained in the
same manner as those in group 2. The osteoporotic
and osteosclerotic quality of the subchondral bone
was confirmed by X-ray and histological section.
The specimens in both groups (group 2 and 3) were
cut into 2x3 cm size and | cm thick at the middle by
a mini bone saw,

In group 1, each specimen was mounted on
the universal testing machine (Shimadzu, Tokyo,
Japan) with bone cement such that the articular
surface faced upward against and perpendicular to a
G-mm round tip metal indenter (Figure 1). Each
depressive osteochondral fracture was created at the
middle of the specimen by a compressive load applicd
at the speed of 2 mm/min. until the maximum load
was reached, i.e, when there was an abrupt change in
the load-deformation curve. At that point, the load
was immediately stopped.

Figure 1. A depressive osteochondral fracture was
created at a femaoral condyle by applying a
compressive load from a universal testing
machine through a 6-mm diameter round
tip metal indenler.

In group 2 and 3, depressive osteochondral
[ractures were created in the same manner as those in
group |.

The maximum Iead and depth of depression
were recorded. Pressure and stiffhess were calculated.
The data were analyzed by the non-parametric Mann-
Whitney test, Comparisons were made among group
1,2, and 3. Afler the test, the specimens were Tixed
with 1096 formalin solution and a histological study
was carried out using a standard decalcified
hematoxylin-eosin preparation technique. Care had
been taken so that approximately 5 mm of the
surrounding tissue next 1o the depressive fracture was
well preserved for histelogical study,

RESULTS

The average maximum compressive load,
pressure, and stiffness of the specimens in group |
were 1025.69 N (SD 127.25), 36.25 MPa (SD 4.50),
and 1173.68 N/mm (SD 164.84) respectively. The
corresponding figures for group 2 were 353.34 N (SD
§0.93), 13.38 MPa (SD 3.37), and 332,18 N/mm (8D
164.27) respectively, and those for group 3 were
151935 N (812 419.25), 53,71 MPa (SD 14.82), and
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Table 1. Data of load (N), pressure (MPa), and stiffness {MN/mm) of depressive ostecchondral fractures of groups

1,2, and 3.

Group 1 Group 2 Group 3
No. Load  Pressure  Stiffness Load Pressure  Stiffness Load  Pressure  Stiffness
1 1113;28 39.35 140600 479,80 16.96 512.25 1743.62 61.63 1897.28
2 931.04 3292 1081.92 460,10 | 6,30 265.20 1884.74 f6.62 1447.749
3 1038.07 3696 1160,32 348,10 12,30 30857  1865.92 65.96 2252.73
4 934,53 33.03 122823 348.10 12.30 120.61 1081.92 38.24  1893.03
5 956,13 33.80 098,33 464.13 [ 6.4 1 350,15 1960.00 69,28 303673
[ 1025.47 36.25 106000 198,62 17.63 674,24 1762.43 62.30 2101.12
1 1216.17  43.01 136935 486,08 17.18 0176 144370 50110 1468.69
8 972,16 3436 1139.45 307.33 10,86 173.66 2123.07 7505  1176.00
9 104343 36.91 1102.82 131.60 11.09 19237 1194.82 4223 1395.52
10 1232.45 4356 1290,98  341.82 12,08 30301 100666 3558 1113.28
11 1107.01 39,13 1395.52 275,97 3,75 208.72 003,17 31.93 1050.96
12 1038.02 36.69 1151.25 216.38 7.65 12544 1260.17 44,56 168R.25
Average 1025.69  36.25 1173.68 35334 13,38 33218 151935 53.71 1635.12
sD 127.25 4,50 164.84 9993 3.37 164,27 419.25 14.82 602,38

1635.12 N/mm (8D 602.38) respectively (Table 17,
Statistical analysis showed that the load, pressure,
and stifTness of the fractares in group 1, 2, and 3 were
statistically different (P < 0.05). Group 2's load and
stiffenss were the lowest with statistical significance
(P = 0.003), while those of group 3 were the highest
with statistical significance (P < 0.005). The
histological study of group 1 showed a normal bone
appearance. There was no articular cartilage injury
of the depressive fragment observed under the light
microscope. The fracture line extended vertically
from the articular cartilage to the subchondral plate.
The subchondral plate was also fractured. There were
a few [ractures of bone trabeculae just under the plate.
Subchondral cancellous bone under the depressive
fragment showed that the bone trabeculac slid into
one another in an interlacing fashion (Figure 2).
Histological study of group 2 and 3 showed
osteoporotic and osteosclerotic appearances
respectively.  Depressive fractures occurred at the
level of the subchondral plate plus a few fractures of
bone trabeculae just under the plate as in group 1,
There was a lesser amount of subchondral bone
trabeculae in group 2 that correlated with the
radiographic appearance as osteoporosis. The sliding

and interlacing phenomena of bone trabeculae under
the depressive subchondral plate were not clearly
demonstrated as in those in group | (Figure 3}, In
group 3, there was a large amount of thick bone
trabeculae that correleated with radiographic
appearance as osteosclerosis. The sliding and
interlacing phenomena of bone rabeculae under the
depressive subchondral plate were not as clear as
those in group 1, including a few fractures of sclerotic
bone trabeculae (Figure 4). The failure mode of
depressive osteochondral fracture of normal,
osleoporotic, and osteoporotic bones under the
maximum compressive load is the fracture of
subchondral plate and the sliding into one another
in an inlerlacing fashion of bone trabeculae with a
few fractures of bone trabeculae just under the plate.

DISCUSSION
The ultimate strength under compressive
load of the articular cartilage is 10 MPa'. The
depressive osteochondral fracture was created in this
experiment at a pressure of more than 10 MPa but
there was no articular cartilage injury observed at
the level of the light microscope. The ahbsence of
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Figure 2. Histological section of group 1 (x10)

showed a depressive osteochondral
fracture. There was a subchondral plate
fracture and a sliding and interlacing of
bone trabeculae under the depressive plate
with a few fractures of subchondral bone
trabeculae just under the plate.

Figure 3.

Fignre 4,

Histological section of group 2 (x 10}
showed the same appearance as that of
group 1. There was an osteaporosis of
subchondral bone. The sliding and
interlacing of bone trabeculae under the
depressive subchondral plate was not
clearly demonstrated as it was in group 1,
However, there were a few bone trabeculae
[ractures just under the depressive plate.

Histological section of group 3 (x10)
showed that there was a sclerosis of
subchondral plate and bone trabeculae.
The sliding and interlacing of bone
trabeculae with a few {ractures of bone
trabeculae just under the depressive
subchondral plate was demonstrated but
not as clearly as that in group 1.
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injury Lo the articular cartilage can be explained hy
understanding that a large amounl of load was
reabsorbed from the articular cartilage by the
surrounding tissue, especially by the subchondral
hone™ ¢ so that the load on the articular cartilage
was less than 10 MPa. In this experiment, the
depressive osteochondral fracture was created by
applying a load which was immediately stopped when
the load reached the maximum in order to create only
the fracture at the level of subchondral plate and to
minimize the fracture of subchondral bone trabeculae,
Because the subchondral plate’s strength is the
highest of all osteochondral materials’, a depressive
ostenchondral fracture at the level of subchondral
plate can be contralled by stopping the load
immediately at the abrupt change in load-
deformation curve. Histological section also
confirmed that an osteochondral fracture was
produced at the level of subchondral plate with a lew
{ractures of bone trabeculae just under the plate,
There was no distinet fracture of subchondral bone
trabeculac.

In the experiment of group 2, which used
osteaporotic subchondral bones, a depressive
ostecchondral fracture was created under the lowest
load with the lowest stiffness. Because there was a
depletion of the bone trabeculae in osteoporotic
bone, the subchondral cancellous bone was less
efficient in reabsorbing the load from the arlicular
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