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Abstract
Background—Osteoarthritis (OA) is in-
creasingly prevalent in the years after
menopause. Epidemiological data suggest
that the use of oestrogen replacement
therapy (ERT) may protect against knee
OA.
Aim—To test the hypothesis that long
term ERT (longer than five years) is asso-
ciated with increased knee cartilage in
postmenopausal women.
Methods—The study involved 81 women
(42 current users (> five years) of ERT
and 39 who had never used it). Articular
cartilage volumes were determined by
processing images acquired in the sagittal
plane using a T1 weighted fat suppressed
magnetic resonance sequence on an inde-
pendent work station.
Results—After bone size had been ac-
counted for, ERT users had higher tibial
cartilage volume than non-users. Total
tibial cartilage volume was 7.7% (0.23 ml)
greater in the group of ERT users (2.98
(0.47) ml; mean (SD)) than in the un-
treated group (2.75 (0.50) ml). The diVer-
ence, after adjustment for the significant
explanatory factors (years since meno-
pause, body mass index, age at meno-
pause, and smoking), between the ERT
users and non-users increased from 0.23
ml to 0.30 ml (95% confidence interval
0.08 to 0.52, p=0.008). These diVerences
persisted after exclusion of women with
OA.
Conclusions—After adjustment for multi-
ple confounders, women using long term
ERT have more knee cartilage than con-
trols. This may indicate that ERT prevents
loss of knee articular cartilage.
(Ann Rheum Dis 2001;60:332–336)

Osteoarthritis (OA) is the major cause of
disability in people over 65.1 No known
treatment aVects its progression. It is more
common in women than men, suggesting that
diVerences in sex hormones modulate the dis-
ease. However, the eVect of oestrogen replace-
ment therapy (ERT) on the incidence and
prevalence of OA in postmenopausal women is
controversial. Few epidemiological studies on
the eVect of ERT on the prevalence of OA have
produced statistically significant results.2–4

Others have only been able to suggest a reduc-
tion in risk of hip or knee OA, with others
showing either no eVect or even an increase in
risk.2 3 5–10 Thus the findings from this body of
evidence are inconclusive. Although recent
studies of incident knee OA have suggested a

risk reduction in women using ERT, they have
failed to show statistical significance.6 11

Radiographs have been the standard of ref-
erence for assessing the pathological grade of
OA. However, these allow only a grading
across four levels, making it a crude measure-
ment tool, insensitive to change over the short
term. Thus studies using radiographic change
as the primary end point require large
numbers and prolonged periods of observa-
tion. Magnetic resonance imaging (MRI) is a
simple, safe, non-invasive, and reproducible
technique for measuring knee cartilage thick-
ness and volume in vivo.12–15 Cartilage volume
measured by MRI correlates well with radio-
logical grading of joint space narrowing, in
both the lateral and medial femoral compart-
ments.16 A diurnal variation in the thickness,
but not volume (both measured by MRI), of
normal femoral articular cartilage related to
prolonged weight bearing has been shown.17

This suggests that volume measurement may
be a more useful tool than measurements of
cartilage thickness. Thus measurement of car-
tilage volume provides a useful method for
examining the eVect of ERT on knee cartilage.

We carried out a cross sectional observa-
tional study to compare knee cartilage volume
measured by MRI in postmenopausal women
who had used ERT for more than five years
with that of a group of age matched non-users
as controls.

Methods
Postmenopausal women aged over 50 years,
who were either current users of ERT (for five
or more years) or had never used it (controls),
matched by age (± five years) and years since
menopause (as defined by the subjects; ± five
years), were recruited through the Jean Hailes
Centre, private consulting clinics, and advertis-
ing in the local media. The exclusion criteria
were: inflammatory arthritis, previous knee
joint replacement, malignancy, fracture in the
last 10 years, and contraindication to MRI
(pacemaker, history of potentially ferromag-
netic material in a strategic location—for
example, orbit).

Subjects completed a questionnaire which
included questions on basic characteristics,
reproductive and menopausal history, current
physical activity,18 type and duration of ERT,
and smoking history (ever versus never
smoked). Weight was measured to the nearest
0.1 kg (shoes, socks, and bulky clothing
removed) using a single pair of electronic
scales. Height was measured to the nearest 0.1
cm (shoes and socks removed) using a
stadiometer. Body mass index (BMI; weight/
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height2 (kg/m2)) was calculated. Assessment of
general health status and a functional assess-
ment for OA were performed (SF-36,
WOMAC OA Index). For each woman, an
MRI and a standard posteroanterior radio-
graph were obtained for the dominant knee,
defined as the lower limb used to step oV when
walking.

Knee cartilage volume was determined by
image processing on an independent work sta-
tion using the software program Osiris as
previously described.15 19 Knees were imaged in
the sagittal plane on a 1.5 T whole body mag-
netic resonance unit (Signa Advantage HiS-
peed; GE Medical Systems, Milwaukee, Wis-
consin, USA) using a commercial transmit-
receive extremity coil. The following sequence
and parameters were used: a T1 weighted fat
suppressed three dimensional gradient recall
acquisition in the steady state; flip angle 55°;
repetition time 58 milliseconds; echo time 12
milliseconds; field of view 16 cm; 60 partitions;
512 × 196 matrix; one acquisition time 11
minutes 56 seconds. Sagittal images were
obtained at a partition thickness of 1.5 mm and
an in plane resolution of 0.31 × 0.08 (512 ×
196 pixels). The image data were transferred to
a work station. The volumes of the individual
cartilage plates (medial and lateral tibial) were
isolated from the total volume by manually
drawing disarticulation contours around the
cartilage boundaries on each section. These
data were resampled by bilinear and cubic
interpolation (area of 312 × 312 µm and 1.5
mm thickness, continuous sections) for the
final three dimensional rendering. The volume
of the particular cartilage plate was determined
by summing the pertinent voxels within the
resultant binary volume. Two trained observers
read each MRI. The coeYcients of variation for
total, medial, and lateral cartilage volume
measures were 2.64%, 3.39%, and 1.99%
respectively.

Medial and lateral tibial plateau areas were
determined by creating an isotropic volume
from the input images. This was reformatted in
the axial plane. The areas were directly
measured from these images. The coeYcients
of variation for medial and lateral tibial plateau
areas were 2.3% and 2.4% respectively.

Two trained observers, blinded to the
subjects’ hormone status, independently as-
sessed all radiographs. We used a published
atlas of individual features to determine the
presence of definite osteophytes or narrowing,
which was used to classify disease.20 The radio-
logical features of knee OA in the tibiofemoral
joint were graded on a four point scale (0–3)
for individual features of osteophytes and joint
space. In the case of disagreement between
observers, the two observers together with a
third independent observer reviewed the radio-
graphs. The intraobserver reproducibility was
0.93 for osteophytes and 0.93 for joint space
narrowing. The interobserver reproducibility
was 0.86 for osteophytes and 0.85 for joint
space narrowing (ê statistic).

STATISTICAL ANALYSIS

Independent t tests were used for comparison
of means. ÷2 Tests or Fisher’s exact test (where
appropriate) were used to compare nominal
characteristics between the groups. A general-
ised linear model was used to examine the
eVect of ERT usage on knee cartilage volume
while adjusting for any baseline imbalances or
other potential confounders. A p value of less
than 0.05 (two tailed) was regarded as
significant. All statistical analyses were per-
formed using SAS version 6.12 (SAS Institute
Inc, Cary, North Carolina, USA).

Results
A total of 97 women were recruited; 50 were
currently taking ERT, and 47 had never taken
it. Of these, 81 (84%) had MRI scans (42 ERT
users and 39 controls). There were no
significant diVerences between those who
underwent MRI and those who refused. The
reasons for refusal were fear of undergoing the
procedure and diYculties with time, travel, or
family member’s health, and were unrelated to
the participants’ health. Oestrogen was taken
by mouth (n=28), transdermally (n=10), and
via subcutaneous implant (n=4). Overall, 25
were taking combined therapy with pro-
gestogen, and three used testosterone implants.

Table 1 gives the basic characteristics of the
patients. The ERT and control groups were
similar with respect to BMI, exposure to alco-
hol and smoking, prior knee injury and surgery,
current level of physical activity, and general
health measures. However, those taking ERT
tended to be older (p=0.13), had undergone an
earlier menopause (p=0.008), and had a longer
time since the menopause (p=0.004). Three of
the 16 women in the ERT group who had
undergone hysterectomy had also undergone
bilateral oophorectomy, and six had undergone
unilateral oophorectomy, compared with none
of those who had had an hysterectomy in the
control group. OA, as described by the
presence of osteophytes with or without joint
space narrowing, was present in four subjects
in the control group (p=0.05).

The ERT users had larger total tibial
cartilages than non-users (p=0.33). Examina-
tion for potential confounders showed bone
size to have the strongest eVect on total
cartilage volume, accounting for 12.5% (partial

Table 1 Characteristics of participants

ERT* (n=42) Controls (n=39) p Value

Age (years) 58.0 (6.1) 56.0 (5.4) 0.13
Weight (kg) 69.9 (11.6) 70.6 (16.0) 0.82
Height (cm) 164 (7.3) 163 (6.9) 0.63
Body mass index (kg/m2) 26.1 (4.3) 26.6 (5.9) 0.66
History of knee injury 11 (26%) 13 (33%) 0.48†
Prior knee surgery 2 (5%) 4 (10%) 0.42‡
Smoker 15 (36%) 18 (46%) 0.34†
Age at menopause 46.36 (5.2) 49.4 (5.0) 0.008
Years since menopause 11.6 (6.6) 6.6 (8.6) 0.004
Hysterectomy 16 (38%) 4 (10%) 0.004†
Current level of physical exercise 7.2 (1.5) 7.1 (1.9) 0.77
Radiological osteoarthritis 0 (0%) 4 (8%) 0.05‡
Medial tibial plateau area (cm2) 1.66 (0.17) 1.68 (0.22) 0.76
Lateral tibial plateau area (cm2) 1.03 (0.134) 1.08 (0.13) 0.10

Except where indicated, values are presented as mean (SD).
*ERT = oestrogen replacement therapy.
†÷2 test; ‡Fisher’s exact test; all others are unpaired t tests.
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r2) of variation in cartilage volume between the
groups. After adjustment for this factor using
tibial plateau area, the diVerence between the
groups increased to 0.23 ml (8% of cartilage
volume; p=0.04; table 2). After bone size had
been accounted for, the other determinants of
total tibial cartilage volume were years since
menopause (6.1%), ERT (5.4%), smoking
(2.4%), BMI (1.4%), and age at menopause
(1.0%) (table 3). ERT and, to a lesser extent,
smoking had a beneficial eVect on cartilage
volume, whereas the other factors varied
inversely with cartilage volume. No other vari-
ables, including current physical activity, were
found to have a significant eVect. After adjust-
ment for these confounders, the diVerence
between groups increased to 0.30 ml (95%
confidence interval 0.08 to 0.52; p=0.008).

Examination of the individual tibial carti-
lages showed similar findings. After adjustment
for the tibial plateau area to account for diVer-
ences in bone size, the ERT group had 10%
larger lateral and 5% larger medial tibial carti-
lages than the control group (diVerence 0.19
ml, p=0.03, diVerence 0.05 ml, p=0.24 respec-
tively; table 2). The significant determinants of
lateral and medial cartilage volume were simi-
lar to those of total tibial cartilage volume.
Adjustment for these factors increased the dif-
ference between the ERT users and non-users
further. Although the significant determining
factors were similar, their relative contributions
varied (table 3). Again, ERT and, to a lesser
extent, smoking had a beneficial eVect on knee
cartilage volume.

The findings persisted after exclusion of the
subjects with osteophytes. Although no signifi-
cant dose-response eVect was seen with
increasing duration of treatment, the three
subjects receiving treatment for more than 15
years had higher cartilage volumes. Subgroup
analysis to determine the eVect of progestogen
on ERT did not show a consistent or significant
eVect (results not shown).

Discussion
The main finding of this study was that age
matched women taking ERT for more than five
years had more articular tibial cartilage than
women who had never taken ERT, independ-
ent of bone size, years since menopause, age at
menopause, BMI, and physical activity. Main-
tenance of knee articular cartilage may be the
mechanism by which ERT protects against
knee OA.

To our knowledge, the eVect of ERT on knee
or any other joint cartilage in postmenopausal
women has not been directly examined. Apart
from our recent observation that men have
larger knee articular cartilages than women,
independent of bone and body size, little is
known about the determinants of articular car-
tilage volume.15

Experimental data indicate that oestrogen
has a physiological role in the normal joint.
Oestrogen receptors are present on human
articular chondrocytes.21 Oestrogen may act on
subchondral bone and articular chondrocytes
either directly or indirectly using second
messengers—for example, transforming
growth factor â, insulin-like growth factor I
and II.21 22 In vitro, exogenous oestrogen has
been shown to modulate chondrocyte produc-
tion of interleukin 6.23 In vivo, exogenous oes-
trogen has been shown to have a beneficial
eVect on OA in some animal models.24–26

These experimental findings are supported
by epidemiological evidence. ERT may reduce
the risk of radiographic OA.2 3 5 7 However, the
results of most studies were not statistically
significant. A meta-analysis that combined the
results of four prevalence studies examining the
combined risk of hip and knee OA found a
pooled odds ratio of 0.76 (using a fixed eVects
approach, 95% confidence interval 0.63 to
0.91) for a lower risk of symptomatic moderate
to severe disease in women on ERT.27 The three
studies of the eVect of ERT on incident OA
suggested a reduction in incident knee OA in
women taking ERT, but again, none were
statistically significant.3 6 28 Our data, using a
more sensitive measure of articular cartilage
than plain radiograph, support these observa-
tions.

There is some evidence that OA and
osteoporosis are inversely related.29–31 However,
the mechanism is unclear. Genetic factors
related to linkage disequilibrium between the
genes for the vitamin D receptor and collagen
type IIa have been suggested.32 Increased
trabecular volume and thickness have also been
described in subjects with OA, compared with

Table 2 Crude and adjusted total, lateral and medial tibial cartilage volumes*

Crude result

DiVerence (95% CI)

Adjusted result‡

DiVerence (95% CI)ERT† (SD) Control (SD) ERT (SE) Control (SE)

Total tibial cartilage volume (ml) 2.98 (0.47) 2.75 (0.50) 0.23§ (0.01 to 0.45) 3.05 (0.08) 2.75 (0.8) 0.30¶ (0.08 to 0.52)
Lateral tibial cartilage volume (ml) 2.00 (0.38) 1.81 (0.37) 0.19§ (0.02 to 0.36) 2.04 (0.06) 1.80 (0.06) 0.23¶ (0.06 to 0.40)
Medial tibial cartilage volume (ml) 0.99 (0.16) 0.94 (0.20) 0.05 (−0.03 to 0.13) 1.01 (0.03) 0.95 (0.03) 0.07**3 (−0.01 to 0.15)

*Adjusted for bone size using tibial plateau area.
†ERT = oestrogen replacement therapy.
‡Adjusted for years since menopause to body mass index to age of menopause and smoking.
§p<0.05 to ¶p<0.01 to 3**p<0.1.

Table 3 Relative contribution (%) of determinants of
tibial cartilage volume to variation in cartilage volume*
(partial r2)

Medial
cartilage
volume

Lateral
cartilage
volume

Total
cartilage
volume

Years after menopause 2.9 6.6 6.1
ERT† 1.7 5.8 5.4
Smoker 4.4 1.3 2.4
BMI† NS† 2.8 1.4
Age at menopause NS 1.4 1.0

*Adjusted for bone size, using tibial plateau area.
†ERT = oestrogen replacement therapy; BMI = body mass
index; NS = not significant.
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age matched controls.33 34 Furthermore, sub-
jects with OA have been shown to have
increased bone turnover compared with pa-
tients with osteoporosis and controls.35 In our
study, only four subjects had known osteoporo-
sis. Thus it is unlikely that this relation alone
can explain our results.

The prevalence and incidence of knee OA
increases with age.36 37 After the age of 50, it is
more common in women.38 This is in keeping
with our finding that with increasing age (age of
menopause plus year of menopause) knee car-
tilage volume decreases. However, our findings
suggest that cartilage volume may be more
strongly related to the number of years after
menopause rather than age per se.

Apart from ERT, other lifestyle factors
impact on the risk of developing OA. We postu-
lated that these factors may also aVect knee car-
tilage volume. If so, perhaps knee cartilage vol-
ume may be used as a potential interim end
point in studies of OA. BMI was associated with
a reduction in cartilage volume, consistent with
studies showing an increased prevalence of knee
OA in subjects with higher BMI.39–41 Smoking
had a protective eVect on knee cartilage
volume. This is consistent with studies finding a
reduction in risk of OA in smokers or
ex-smokers.5 9 42–44 However, not all studies have
shown this.45 46 We were unable to show any
eVect of the current level of physical activity on
knee cartilage volume despite this having been
proposed as a potential modifiable lifestyle risk
factor for OA.44 47 This may have been due to
our inability to account for prior levels and
duration of exercise.48 We were unable to
confirm associations of prior injury and hyster-
ectomy with OA.1 49 Nevertheless, the modifi-
able risk factors of OA appear to also be signifi-
cant determinants of tibial cartilage volume.

Our study has a number of potential biases.
Users of ERT tend to be generally healthier
than non-users of ERT. To minimise the
“healthy woman eVect”, we recruited healthy
women presenting to the same participating
private clinic for health advice but not wanting
ERT, as well as by advertising. Advertising is
recognised to bias towards healthier, better
informed subjects. Selection bias may have
been present, if women with symptomatic OA
were recruited selectively. Four women in the
control group had radiological evidence of OA,
but none in the ERT group. However, of the
women with radiographic OA, three were
asymptomatic and one had mild symptoms
only. Exclusion of these subjects reduced the
statistical significance of our findings but did
not remove them. No reference was made to
musculoskeletal disease in the advertising
campaign. The distribution of symptoms was
no diVerent between the ERT users and
non-users. It is unlikely that we selectively
recruited only controls with knee disease, but
not women taking ERT.

Age was a possible confounder in our study
because women on ERT tended to be older
than those in the control group. However, as
the available data suggest that the eVect of age
on cartilage thickness is either detrimental or
insignificant, the age diVerence in our study

would favour a decreased cartilage volume in
the ERT group rather than the increase we
observed.50–53

There are a number of potential limitations
of using MRI to estimate cartilage volume. The
accurate delineation of articular cartilage
depends on high contrast relative to adjacent
tissues. Our method has been validated against
results using cadavers and has excellent repro-
ducibility, with coeYcients of variation of
2–3%.15 This compares favourably with the
magnitude of the diVerences we reported. Fur-
thermore, to improve in-plane resolution, we
used a matrix of 512 × 196 pixels, resulting in
an in-plane resolution of 0.31 × 0.08 mm.

It is possible that the eVect of combined oes-
trogen and progestogen therapy on joint carti-
lage diVers from oestrogen therapy alone, as
has been shown in the joint.22 Few studies have
examined this question in OA. One study sug-
gested that combined therapy may reduce the
protective eVect of ERT on hip OA.2 We were
unable to show any diVerence.

In conclusion, this study suggests that use of
ERT for more than five years is associated with
greater knee cartilage volume. Our findings
require confirmation in other studies, prefer-
ably with stronger study design, such as a ran-
domised controlled trial. It is possible that ERT
may protect against incident OA. However, the
proposed link between OA and knee cartilage
volume will need to be confirmed in longitudi-
nal studies directly relating these variables.
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