This article was downloaded by: [Anonymous Registration for mpptwo]

On: 10 July 2009

Access details: Access Details: [subscription number 780368323]

Publisher Informa Healthcare

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

3/07 | Acta Orthopaedica
{_ Publication details, including instructions for authors and subscription information:
4/-1( 4 http://www.informaworld.com/smpp/title~content=t713400243

P
O” ” 10 P‘H via Microfractures in coxarthrosis

Barbara Koszyca ?; Nicola L. Fazzalari # Barrie Vernon-Roberts 2
2 Division of Tissue Pathology, Institute of Medical and Veterinary Science, Adelaide, Australia

Online Publication Date: 01 August 1990

infarma ki TH

To cite this Article Koszyca, Barbara, Fazzalari, Nicola L. and Vernon-Roberts, Barrie(1990)'Microfractures in coxarthrosis',Acta
Orthopaedica,61:4,307 — 310

To link to this Article: DOI: 10.3109/17453679008993522
URL: http://dx.doi.org/10.3109/17453679008993522

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713400243
http://dx.doi.org/10.3109/17453679008993522
http://www.informaworld.com/terms-and-conditions-of-access.pdf

03:43 10 July 2009

[ Anonynous Regi stration for npptwo] At:

Downl oaded By:

Acta Orthop Scand 1990:61(4):307-310

307

Microfractures in coxarthrosis

Barbara Koszyca, Nicola L. Fazzalari and Barrie Vernon-Roberts

We examined the subchondral bone architecture of the femoral head in
relation to trabecular microfracture. Three groups of femoral head speci-
mens were studied. Twenty-eight specimens taken during hip
replacement had grade lil or IV arthrosis (70 £ 8 years). From autopsy, 40
femoral heads were obtained, 18 in a group greater than 50 years of age
(72 £ 10 years) and 22 in a group less than 50 years of age (25 + 11 years).
None of these 40 heads had worse than grade Il arthrosis. Coronal slices
of the femoral heads were macerated and examined under a dissecting
microscope to count trabecular microfractures. For bone histomorphome-
try, blocks were taken from the subchondral principal compressive and
tensile trabeculae. The bone volume, trabecular thickness, and marrow
space were quantified. In the subchondral principal compressive region,
the arthrotic group had more bone volume, thicker trabeculae, similar tra-
becular space, and trabecular microfractures when compared with the
group greater than 50 years old. In the tensile region, there were no differ-
ences except for decreased trabecular microfracture number in the ar-
throtic group. With the thinnest trabeculae in the compressive region oc-
curring in the greater than 50 years old group, the trabeculae of the
younger age group have thinned with age, but with the onset of arthrosis,

the thinning is overtaken by pathologic thickening of trabeculae.

Detailed studies of the spatial structure of the
cancellous bone in the hip joint have been per-
formed in osteoarthritis and controls (Fazzalari et al.
1983, 1985). The bone was found to be structurally
remodeled in arthrosis such that the trabecular pat-
terns may not be transformed back to normal. More-
over, Fazzalari et al. (1987) have suggested that tra-
becular microfracture may maintain joint normality,
and that the reduction in trabecular microfracture
numbers seen in arthrosis contributes to joint deteri-
oration.

We have studied the possible role of trabecular
microfracture in the pathogenesis of arthrosis (Radin
et al. 1972). The spatial structure of the subchondral
bone and trabecular microfracture incidence in the
femoral head were studied in arthrosis and in normal
young and old controls.

Division of Tissue Pathology, Institute of Medical and
Veterinary Science, Frome Road, Adelaide, 5000, Austra-
lia

Correspondence: Dr. N. L. Fazzalari

Material and methods

The surgical and autopsy femoral heads were mac-
roscopically graded for arthrosis according to Col-
lins (1949).

Grade I arthrosis has destruction of the superficial
cartilage confined to areas of greatest pressure and
movement. Early fibrillation of the articular cartil-
age is detected and no hyperplasia of bone or cartil-
age is evident. The articular contour is normal.

Grade II arthrosis has more extensive destruction
of cartilage, but is still confined to areas of greatest
pressure and movement. Deeper fibrillation of areas
affected in Grade I is present. There are no os-
teophytes and no marked remodeling of the articular
contour.

Grade III arthrosis has total loss of cartilage on
one or more pressure areas with exposure and usual-
ly eburnation of bone. Widespread fibrillation is evi-
dent, though regions of unaffected cartilage often
survive in parts least subject to pressure and move-
ment. Marked bone changes are present, such as os-
teophytes at the joint margins, alterations of the ar-
ticular contour, and sclerosis of the subchondral
bone.
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Grade IV arthrosis has complete loss of hyaline
cartilage from large areas of the joint surface and
eburnation of exposed bone. The articular surface
has gross unevenness from surviving islets of cartil-
age, epiarticular osteophytes, and remodeling of the
articular contour. Prominent marginal osteophytes
are also a feature.

The arthrosis group consisted of 28 consecutive
heads of femur, with primary arthrosis Grade ITI or
IV, taken during hip replacement from 16 females
and 12 males (aged 70 * 8 years, mean * SD).

From autopsy, 40 femoral heads from 22 males
and 18 females (aged 50 £ 25 years) were obtained;
19 cases (aged 37 + 24 years) had died from acci-
dent, and 21 (aged 62 *+ 20 years) had succumbed
from a variety of conditions, including diabetes,
myocardial infarction, and tumors. None of the fe-
moral heads had worse than Grade II arthrosis.

The wide disparity in age between the control and
the arthrosis groups, coupled with the knowledge of
the exponential relationship between age and the
number of healing trabecular microfractures (Fazza-
lari et al. 1987), led to the distinction between femo-
ral heads over and under 50 years of age (n 18, aged
72 £ 10 years and n 22, aged 25 * 11 years).

All the femoral heads were sliced coronally. The
slices were macerated except for the end slices,
which consisted mainly of cortical bone. The macer-
ated slices were examined using a binocular disse-
cting microscope at 25x magnification, and the tra-
becular microfractures in the principal compressive
and tensile subchondral areas were marked on an
overlying sheet of clear acetate. Trabecular micro-
fractures were considered to exist where callus for-
mation was evident with well-rounded, discrete nod-
ules up to 0.5 mm in diameter or smooth swellings
surrounding the trabecular (Koszyca et al. 1989).

The central coronal slice was taken for histologic
processing of selected blocks. A contact radiograph
of the 5-mm coronal slice was taken using a faxitron
system (Hewlett-Packard Co. McMinnville, OR,
USA). Thus, from the coronal radiograph, we were
able to obtain autopsy and surgical femoral blocks
from reproducible locations. The principal compres-
sive block was taken proximal to the fovea and the
principal tensile block distal to the fovea. Both
blocks extended to the edge of the leash trabecular
region where the compressive and tensile trabeculae
overlap (Figure 1).

Thin 10-um sections for histoquantitation were
impregnated with silver by the von Kossa technique
to render calcified bone black and counterstained by
van Gieson’s technique. Epiarticular osteophytes

Figure 1. Radiograph of the central coronal slice of the femo-
ral head showing the subchondral principa!l compressive
(SPC) and tensile {SPT) zone examined by quantitative his-
tomorphometry. These zones also represent the areas in ad-
jacent slices examined for the presence of trabecular micro-
fractures

that may have been present in blocks taken from the
principal tensile region were not quantified. This
was possible because the original articular contour
and subchondral bone plate were identifiable in
these sections. The parameters studied were percent-
age mineralized bone volume, trabecular thickness,
and spacing. The slides were analyzed by a Quan-
timet Image Analysing computer (Cambridge Instru-
ments Ltd, UK) as described by Fazzalari et al.
(1983).

Where the sample numbers differ from the num-
ber of collected specimens, this occurs because of
technical failures in tissue processing and/or speci-
men cutting.

The nonparametric Mann-Whitney test was used
for comparison of unpaired data, and the Wilcoxon
signed rank test for paired data.

Results

In all the groups the bone volume and trabecular
thickness were higher in the principal compressive
region compared with the principal tensile region,
and trabecular spacing in the compressive region
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was less in all the groups (Table 1). Trabecular mi-
crofractures were more numerous in the compres-
sive region compared with the tensile region in the
young controls, but not in arthrosis and old controls
(Table 2).

In the principal compressive region, the arthrosis
group had more bone volume, thicker trabeculae,
similar trabecular spacing, and microfractures when
compared with old controls. Compared with arthro-
sis and the old controls, the young controls had simi-
lar bone volume and trabecular spacing. The young
controls had thicker trabeculae and less trabecular
microfractures than the old controls, whereas the ar-
throsis group had thicker trabeculae than the young
controls (Table 2).

In the principal tensile region, the arthrosis group
has fewer trabecular microfractures, but no other
difference from the old controls despite the trend to-
wards more widely spaced trabeculae in arthrosis.
On the other hand, the young had a higher bone vol-
ume and thicker and more closely spaced trabecular
architecture than the old (Table 2).

Discussion

A possible role for trabecular microfractures in the
pathogenesis of osteoarthritis was first outlined by
Radin et al. (1972). They hypothesized that repeti-
tive impulse loading of a joint results in trabecular
microfractures and subsequent subchondral bone re-
modeling. This remodeled bone is stiffer and thus
reduces the protection of the cartilage to impulse
loading and leads to the ultimate failure of the
articular cartilage.

The problem with this hypothesis is that it does
not necessarily follow that the remodeling bone will
be less compliant. It is possible, but unlikely, that
the presence of substantial amounts of microcallus
on healing trabecular microfractures could be suffi-
cient to increase bone stiffness. Radin and his col-
leagues (Radin et al. 1970, 1972, 1973, Radin 1982)
do not distinguish between increased bone stiffness
due to the presence of microcallus on trabecular mi-
crofractures or trabeculae that have been remodeled
as an end result of microfractures. The study of Ra-
din et al. (1973), which correlated trabecular micro-
fractures with increased bone stiffness, argues
against bone remodeling as the cause of increased
bone stiffness, because the identification of healing
microfractures indicates that the trabeculae are still
in their original location. This assumes that bone,
still in the process of being remodeled, is already
less compliant.

Table 1. Histoguantitative and trabecular microfracture (F)
data for subchondral bone in the compressive and tensile
regions of the femoral head

Min 25th Median 75th  Max
percentile percentile

Variable Group n

Subchondral principal compressive region

M L 20 20 25 27 31 39
G 18 92 20 23 30 36
A 28 18 25 29 36 58
T L 20 001 009 011 013 0.15
G 18 005 008 0.09 010 0.16
A 28 007 011 013 0.14 0.21
S L 20 02t 026 030 033 048
G 18 021 026 030 037 054
A 28 015 022 031 036 045
F L 20 0.0 00 05 16 30
G 18 0.0 1.0 25 60 330
A 28 0.0 00 20 55 140

Subchondral principal tensite region

M L 22 10 17 20 23 29
G 18 52 84 13 17 29
A 23 3.0 7.7 1 13 32
T L 22 0.06 0.07 009 0.1t 0.14
G 18 0.04 006 0.07 008 010
A 23 0.06 0.06 0.07 008 0.14
S L 22 027 033 038 042 052
G 18 025 037 058 062 1.22
A 23 0.26 0.44 055 0.80 3.00
F L 22 0.0 0.0 00 00 30
G 18 0.0 20 25 60 250
A 23 0.0 0.0 1.0 40 90
M mineralized bone volume ( percentage)
T trabecular thickness (mmj
S trabecular spacing (mm)
F trabecular microfracture
L less than aged 50 years
G greater than aged 50 years
A arthrosis

Table 2. Comparison of histoquantitative parameters be-
tween femoral subchondral regions and study groups

Greup M T S F

SCvsST L SC»>ST® SC»>ST® SC<ST? SC»ST?
G SC>ST® SC>ST® SC<ST2 NS
A SC>ST® SC>ST? SC<ST® NS

AvsL SC NS A>LE NS AsL?
ST A<lL? A<l® A>T AsL?

AvsG SC A>Gd A-@G® NS NS
ST NS NS NS A<G®

LvsG SC NS L>GE NS LeGP

ST L>G? L>G? L<G# L<G?

ap50001.2P<001,%P<0.05

M, T,S,F,L,G andA see Table 1

SC subchondral principal compressive region
ST subchondral principal tensile region
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The nature of the relationship between cartilage
state and trabecular microfracture is complex. A
number of studies have investigated the role of bone
stiffnesss in relation to cartilage damage (Pedley and
Meachim 1979, Pugh et al. 1974, Radin et al. 1970,
1972, 1973, Radin 1982); and it would appear that
in the results of Radin (1982), the bone underlying
degenerate cartilage is associated with a relative
scarcity of trabecular microfractures. The bone un-
derlying cartilage in good condition contains a large
proportion of the total number of trabecular micro-
fractures (Fazzalari et al. 1987). Predictably, the
bone underlying healthy cartilage consists of a net-
work of thinner trabeculaec more susceptible to fa-
tigue fracture. Stiffer bone consists of highly inter-
connected trabeculae providing a mechanically
strong network resistant to deforming force and mi-
crofracture (Pugh et al. 1974).

In the principal compressive region, the young
controls had trabeculae that were thicker and had
fewer microfractures. This suggests that under the
age of 50 years, the bone is more resistant to de-
forming forces with reduced numbers of trabecular
microfractures. The number of trabecular microfrac-
tures for the arthrosis and old groups were not dif-
ferent, though the former has more bone volume and
thicker trabeculae. This suggests that the spatial dis-
position of the trabecular bone elements is an impor-
tant factor in determining bone stiffness and trabec-
ular fracture.

Our results suggest that trabecular microfractures
do not contribute to the onset or progression of ar-
throsis (Fazzalari et al. 1987). The largest number of
trabecular microfractures occurred in the control
groups with minimal primary arthrosis, only a small
proportion of which seem to progress to the late
stage and more severe forms of the disease (Collins
1949, Byers et al. 1970).
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