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Objectives: Even though clinical findings support the idea that hip osteoarthritis (OA) is associated
with increased bone mineral density (BMD), the subject remains controversial. This study was therefore
initiated to investigate the relation between the severity of hip OA and femoral and calcaneal BMD.
Methods: On the basis of the American College of Rheumatology criteria on classification of OA of
the hip, 27 men (aged 47–64 years) with unilateral or bilateral hip OA and 30 age matched randomly
selected healthy men were studied. Plain radiographs were graded using Li’s scale from 0 (no OA) to
4 (severe OA). According to the side of the highest radiographic score from the patients with clinical
hip OA, 29.6% had grade 1, 29.6% grade 2, and 40.8% grade 3 OA. Bone mineral content (BMC),
areal BMD (BMDareal), and bone dimensions (area and width) were measured by dual x ray absorpti-
ometry at the proximal femur. BMDareal of the calcaneus was measured from the central area of the
bone. Volumetric measurements from magnetic resonance images of the femoral neck were used to
create a BMD measure that was corrected for the femoral neck volume (BMDmri).
Results: There were no differences in weight, or body mass index between the study groups. There
were no significant BMDareal differences in any of the subregions of the proximal femur (femoral neck
and trochanter) or calcaneus between the OA and control groups. Neither did the BMDmri of the femo-
ral neck differ between the groups. However, the BMC of the femoral neck was 18% higher (p<0.01)
in patients with OA than in controls. Similarly femoral neck bone width and volume were 9% and 18%
respectively higher (p<0.001) in patients with OA.
Conclusions: The results suggest that men with hip OA have larger femoral neck size and
consequently higher BMC than healthy controls matched for age and sex. There is no significant differ-
ence in femoral neck BMD (BMDareal or BMDmri) between the groups. Furthermore, increased BMDareal

was not found in the peripheral skeleton. These findings suggest that hip OA is not associated with an
increase in BMDareal in the femoral neck. However, the increase in BMC and bone size in patients with
hip OA may play a part in the pathogenesis of the disease.

Bone changes are thought to be an important element in

the pathogenesis of osteoarthritis (OA).1–4 According to

Radin et al,1 in OA, the thickening and stiffening of bone

results from the repair of subchondral bone microfractures,

caused by repetitive impact loading of the joint. This in turn

leads to degeneration and loss of articular cartilage from stiff-

ened bone ends. On the other hand, in osteoporosis it has been

postulated that the less dense bone absorbs load more

efficiently than normal bone so that less stress is transmitted

to the overlying articular cartilage.5 Whether changes in the

cartilage or bone come first in OA remains an open

question.3 4 6

Cross sectional studies have shown that patients with

hip7–11 or spine12–14 OA have greater local bone mineral density

(BMD) than healthy controls matched for sex and age. The

evidence suggests that patients with hip OA have 3–10%

greater femoral neck BMD than controls.8–10 Femoral neck

BMD has been observed to increase in early,11 moderate, or

severe hip OA.8 10 This association is also supported by the

inverse relation between osteoporosis and OA and with a pos-

sible negative association between OA and hip fracture.5 15

Even though these clinical findings support the idea that OA is

associated with increased local BMD, the subject remains

controversial.3 5 In some studies on hip OA, differences in the

BMD did not reach statistical significance after correction for

body weight or were not observed at all.13 16 Bruno et al11 also

noticed that hips with Kellgren-Lawrence scores of 1 or 2 had

increased BMD throughout the proximal femur, but as the

disease progressed, the BMD declined.

A correlation between peripheral radiographic OA findings

(knee, hip, and spine) and BMD measurements from different

skeletal regions, or from the whole body, has been

examined.12 13 17–22 For example, it has been reported that the

BMD of the second metacarpal bone, forearm, or total body

was increased in patients with hip, knee, or spine OA

compared with control subjects.12 13 18 19 22 However, Solomon et
al21 observed that the BMD of the second metacarpal was not

increased in all patients with OA. Then Carlsson et al20 noticed

that the BMD of the trabecular but not the cortical bone was

increased in patients with OA. In addition, Alhava et al17

observed that the BMD of forearm bones, or the second meta-

carpals, was not increased in patients with hip OA compared

with controls. In patients with primary generalised OA, no

significant correlation has been noticed between BMD and

OA.22–24 Thus there is no clear evidence that hip OA is

associated with an increase in BMD.

The aim of this study was to test the hypothesis that the

BMD of the proximal femur in hip OA differs from that in

healthy subjects. Using dual x ray absorptiometry (DXA), we

examined the pattern of bone mass and bone size in the

proximal femur. To examine whether hip OA is associated with

a generalised change in BMD, peripheral DXA measurements

were also carried out on the calcaneus. One aim of this study
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was to improve the practical implementation of DXA by con-

verting areal BMD (BMDareal (g/cm2)) into a volumetric

measurement (BMDmri (g/cm3)) by using magnetic resonance

imaging (MRI) analysis of bone size. This was important

because the DXA method does not correct for the anteroposte-

rior depth, and when values are expressed as BMDareal rather

than a volumetric measurement, the data obtained from DXA

are greatly influenced by the size of the bones.25 It is thought

that failure to control for femoral neck size can lead to errone-

ous interpretation of BMD values obtained by DXA.25

METHODS
Subjects and selection
A total of 27 male patients (age 47–64 years) were selected by

the clinical criteria of unilateral or bilateral hip OA. Subjects

either had pain in the hip in the preceding month or

functional impairment—for example, limitation of hip motion

or stiffness of the joint—according to the clinical criteria of the

American College of Rheumatology (table 1).26 They were

recruited by advertising in the press or were selected from

those waiting for a total hip replacement in Kuopio University

Hospital (three subjects). The recruitment period was April

1999 to May 2000 and the region of recruitment was the city

of Kuopio and nearby areas. The patients with OA responded

positively. Exclusion criteria included a history of trauma of

the hip joint or the pelvis region, a previous hip fracture or hip

surgery, a hip joint infection, and a congenital or developmen-

tal disease. Furthermore, subjects were excluded if they had

the following diagnoses, symptoms, or medication: cancer,

rheumatoid arthritis, endocrine disease, epilepsy, Parkinson’s

disease, cerebrovascular disease, polyneuropathia, neuromusc-

ular disorder, debilitating cardiovascular disease in spite of

medication, atherosclerosis of the lower extremities, painful

knee OA, previous back surgery, painful back problem (spinal

stenosis or sciatica due to lumbar disc herniation), or were

taking corticosteroids. These conditions might have interfered

with the evaluation of pain and function of the hip joints. Pos-

sible polyneuropathia and acute severe sciatica were also

excluded by electromyography.

Thirty healthy age matched 47–64 year old men living in the

city of Kuopio and nearby areas were randomly selected from

the population register to be used as controls. They were

contacted by mail and interviewed (by JA and MA). They had

neither unilateral nor bilateral hip OA according to the

radiographic criteria used in this study (see below), nor hip pain

or functional impairment. Exclusion criteria for the control

subjects were the same as for the patients with OA. Initially 217

men randomly selected from men aged 47–64 years (n=10 175)

living in Kuopio and nearby areas were contacted. Some

(12.4%) could not be reached either by letter or telephone,

67.7% did not meet the health criteria, and 3.2% refused. Of

those who fulfilled the inclusion criteria, two were excluded

after electromyography which showed polyneuropathia, and

four were excluded because of a non-symptomatic radiographic

OA score of 1 in one of the hip joints.

All subjects completed the questionnaires, including medi-

cal history and symptoms of the hip joints. Duration of OA

symptoms (years) was asked for. The subjective severity of hip

pain was rated on a visual analogue scale, the results of which

were reported in centimetres (range 1–10 cm; end points: no

pain and unbearable pain). Lequesne’s algofunctional index

(points 0 (minimum)–21 (maximum)) was used to describe

the subjective severity of hip disability.27 Anthropometric

measurements were taken including height (cm) and weight

(kg). Body mass index was calculated as the weight in

kilograms divided by height squared (kg/m2). Written consent

was obtained from each participant. The study was approved

by the ethics committee of the Kuopio University Hospital.

Radiographic measurements and grading
Supine anteroposterior and Lauenstein radiographs were

taken for both hips as well as radiographs of the pelvis during

weightbearing. The radiographs were evaluated blind by a

trained radiologist (LN) using the Kellgren-Lawrence grading

radiographs of the Atlas of Standard Radiographs28 and Li’s OA

scale for the hip,29 which is modified from the Council for

International Organisations of Medical Sciences scale

(Kellgren-Lawrence grading system)30 as follows: grade

0=normal; grade 1=possible narrowing of joint space and

possible osteophytes around the femoral head; grade 2=defi-

nite narrowing of the joint space, definite osteophytes, and

slight sclerosis; grade 3=appreciable narrowing of the joint

space, osteophytes, cyst formation, and deformity of the

femoral head and acetabulum; grade 4=gross loss of joint

space with sclerosis and cysts, appreciable deformity of the

femoral head and acetabulum, and large osteophytes. Two hip

OA gradings were recorded for each patient in repeated

sessions on separate days with a one week interval. Grade >1

was considered positive for radiological hip OA. The hip with

the highest radiographic score was used for the analysis. There

were no cases where the scores differed by more than one

score between the two analytical sessions. The κ value for the

intraobserver (test-retest) reliability for hip radiographic

grading was 0.84 (p<0.0001).

Bone densitometry
BMDareal (g/cm2) and bone mineral content (BMC (g)) of the

subregions of the proximal femur (femoral neck and greater

trochanter) and calcaneus of the legs were measured using

DXA; Lunar Expert; Lunar Radiation Corp, Madison, Wiscon-

sin, USA). Regions of interest (ROIs) in the proximal femur

were determined in an automated fashion using the Lunar

software version 1.72 (Lunar Expert) (fig 1A). The bone width

(cm) of the femoral neck was determined. All measurements

were carried out by trained personnel. It was checked from the

DXA images that no osteophytes were localised within the

ROIs during DXA analysis. The scanner was calibrated accord-

ing to the standard guidelines of the manufacturer. Reproduc-

ibility of the BMDareal measurement (coefficient of variation) of

the femur was 1.80% (femoral neck) and 2.05% (greater

trochanter) as assessed in 10 volunteers, with repositioning

between two measurements.31 The BMDareal measurement of

the calcaneus was made manually with the ROI (circle, diam-

eter 2.54 cm) located in the centre of the calcaneus (fig 1B).

Table 1 Clinical characteristics of the control and osteoarthritic (OA) subjects

Control group (n=30) OA group (n=27)

Mean SD Range Mean SD Range

Age (years) 56.3 4.5 (47–64) 56.2 4.9 (47–64)
Weight (kg) 81.4 9.6 (63–105) 83.9 11.3 (60–116)
Height (cm) 173.8 4.8 (165–185) 176.7 4.8 (168–186)*
BMI (kg/m2) 26.9 2.9 (20.6–33.9) 26.9 3.5 (21.3–37.4)
Duration of OA symptoms (years) 6.4 5.2 (1–25)

There were no differences in age, body weight, or body mass index (BMI) between the groups (Student’s t test). *p <0.05, Student’s t test.
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The coefficient of variation of the BMDareal measurement of the

calcaneus was 2.95%, as assessed in 10 healthy volunteers

with repositioning between two measurements.

MRI
MRI was performed with a 1.5T scanner (Siemens Magnetom

63SP, Erlangen, Germany). The volume of the femoral neck

(Volmri (cm3)) was measured from reconstructions of fat satu-

rated T1 FLASH 2D coronal sequences (flip angle 60°; TR 770;

TE 11.0/1; slice thickness 3.0 mm; FOV 420 × 420; matrix 384

× 512; in plane resolution 1.09 × 0.82) at the location

corresponding to the BMD measurement of the femoral neck

(by MA). Multiplanar reconstruction was made in two planes

parallel and perpendicular to the axis of the femoral neck with

five 3 mm slices without a gap just beneath the femoral head.

The area of the bone was drawn five times, and an average of

the three areas in the middle was taken. Thus 0.3 cm × area

(cm2) indicated the volume (cm3) of one slice, and the sum of

five slices was the volume of a 1.5 cm long piece of the femo-

ral neck. This corresponds to the height of the ROI of the

femoral neck in the DXA measurement. The coefficient of

variation between two reconstruction measurements for the

Volmri of the femoral neck was 2.01%, as assessed in four

volunteers with repositioning between two measurements.

These measurements from MRI were used to create a BMD

measure that was corrected for the volume of the femoral neck

(BMDmri = BMC/Volmri (g/cm3)).

Statistical analysis
All values are expressed as mean (SD). Normality of the

distribution was assessed using the Kolmogorov-Smirnov test

with the significance level set at 0.05. If parameters were nor-

mally distributed, Student’s t test was used to test the signifi-

cance of the difference between the controls and subjects with

OA. The hip with the highest radiographic OA score and clini-

cal symptoms of a patient were used for the analysis. The dif-

ferences were compared with the hip on the same side of an

age matched control subject. Comparisons between sides were

made with a paired t test. Differences between the OA

subgroups and controls were determined by the two tailed

non-parametric Mann-Whitney U test because of the low

number of the subjects and because all parameters were not

normally distributed within each subgroup. Differences

between the radiographic OA subgroups (grades 1–3) were

determined by the non-parametric Kruskal-Wallis test.

Results were regarded as significant if p<0.05.

RESULTS
Tables 1 and 2 show the clinical features and radiographic

characteristics of the groups. There were no differences in

body weight, or body mass index between the groups (table 1).

The height in the group with OA was slightly greater than that

in the control group (p <0.05). Fifteen subjects with OA had

unilateral clinical OA and 12 had bilateral disease. The mean

(SD) duration of the hip symptoms was 6.4 (5.2) years (table

1). In the OA group, three patients with radiographic grade 0

OA had pain symptoms in their hip joints, and one

(radiographic grade 1) was asymptomatic (table 2). These

joints were not taken into account when the clinical patients

with OA were compared with the controls matched for age and

sex. The distribution of the radiographic OA scores was as fol-

lows: 29.6% had grade 1, 29.6% grade 2, and 40.8% grade 3 OA.

BMC and BMD
There were no significant differences in BMDareal in any of the

subregions of the proximal femur (femoral neck, trochanter)

or calcaneus between the OA and control groups (table 3). The

BMDmri of the femoral neck did not differ between the groups

either. However, the BMC of the femoral neck was 18% higher

(p<0.01) in subjects with OA than in controls. This was seen

especially in the patients with radiographic grade 3 OA.

When the difference in radiographic scoring was >1 grade

between the hips, the BMDareal of the femoral neck was 4%

higher (p<0.05) on the side of the higher score (table 4). On

the same side, the BMC of the femoral neck was 10% higher

(p<0.01). However, BMDmri did not differ between the hips

(table 4).

There were no significant differences in the BMC and the

size (area) of the trochanter between the OA and control

groups (table 3). In patients with OA, the BMC of the

Figure 1 Location of the regions of interest (ROIs) in the proximal
femur (A) and calcaneus (B).

Femoral
neck ROIneck ROI
Femoral
neck ROI

Trochanter
ROI

A B Table 2 Number of patients with radiographic hip
osteoarthritis (OA) and clinical features (pain and
Lequesne index) in the OA and control subjects

Radiographic criteria

Hip

Right hip Left hip

OA patients
Grade 0 6* 6

Symptomatic 3 0
Pain (VAS‡) (cm) 4.3 (3.1)† 0
Lequesne index (points) 4.7 (2.5) 0

Asymptomatic 3 6

Grade 1 7 6
Symptomatic 7 5

Pain (VAS) (cm) 4.4 (2.4) 5.6 (2.4)
Lequesne index (points) 3.0 (2.2) 7.6 (4.8)

Asymptomatic 0 1

Grade 2 7 8
Symptomatic 7 8

Pain (VAS) (cm) 4.4 (4.0) 6.0 (3.5)
Lequesne index (points) 6.0 (6.6) 6.5 (6.0)

Asymptomatic 0 0

Grade 3 7 7
Symptomatic 7 7

Pain (VAS) (cm) 7.4 (2.6) 5.4 (2.1)
Lequesne index (points) 10.0 (5.7) 10.9 (6.4)

Asymptomatic 0 0

Grade 4 0 0

Control subjects
Grade 0 30 30

Symptomatic 0 0
Pain (VAS) (cm) 0 0
Lequesne index (points) 0 0

Asymptomatic 30 30

Radiographic grading was made as described by Li et al.29

*Number of OA patients or control subjects.
†Values are mean (SD).
‡VAS = visual analogue scale for subjective hip pain.
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trochanter area was 6% lower (p<0.01) in the hip with the

higher OA grade than in the hip with the lower grade (table 4).

There were no significant differences (Kruskal-Wallis test) in

the BMDareal and BMDmri in the radiographic OA subgroups.

BMDmri correlated positively (r = 0.858, p<0.001, n=57) with

BMDareal.

Bone size
The area of the femoral neck was 9% greater (p<0.001) in the

OA group than in the controls matched for age and sex (table

3). Also the femoral neck bone width and Volmri was 9% and

18% higher (p<0.001) in the OA group than in the controls.

The difference was greatest between the radiographic grade 2

and 3 OA hip joints (table 3). In subjects with OA, when the

radiographic grading difference was >1 between the hip

joints, the area of the femoral neck was 6% greater (p<0.001)

in the hip of higher OA grade (table 4). Also in the hip of

higher OA grade, the Volmri was 13% higher (p<0.001) (table

4). There were no significant differences in the size (area) of

the trochanter between the OA and control groups (table 3).

The size of the trochanter area was 4% smaller (p<0.05) in the

hip with the higher OA grade than the opposite side (table 4).

Size of the subregions, width, and Volmri of the femoral neck

were not significantly different (Kruskal-Wallis test) in the

radiographic OA subgroups. Volmri correlated positively (r =

0.879, p<0.001, n=57) with area of the femoral neck.

DISCUSSION
Our results clearly show that men with hip OA have

significantly higher femoral neck BMC and greater femoral

neck volume than healthy controls matched for age and sex.

There is no significant difference in femoral neck BMD

(BMDareal or BMDmri) between the groups. These findings

suggest that hip OA is not associated with an increase in BMD

of the femoral neck.

According to Wolff’s law, both bone density and organis-

ation of bone trabeculae correlate with the magnitude and

lines of compressive and tensile stresses of loading.32 Thus an

increase in the local mechanical forces—for example, on

account of reduced resilience of the articular cartilage—may

have contributed to the larger size of the femoral neck

observed in this study. The increase in femoral neck size can

also be speculated to be a compensatory and adaptive

mechanism of the bone end to meet the biomechanical forces

that act in the joint. The changes may also improve the

congruence of the articulating surfaces. In this study, the dif-

ferences in bone size were shown in the femoral neck, not in

the trochanter area. On account of hip OA, the mechanical

demands are probably more changed in the femoral neck bone

than in the more distal trochanter region.

In hip OA, the most notable bone changes are the

osteophytes and subchondral bone sclerosis. Based on animal

models, subchondral bone plate thickness is increased both in

the early and advanced stages of hip OA.33–36 In clinical studies

of hip OA, morphometric analyses have shown that the

subchondral and trabecular bone thickness is increased,37 38

but the subchondral bone has a lower mineralisation pattern

compared with controls.37 39 It can be argued that, distal to the

subchondral bone plate, DXA is not the method of choice to

evaluate the structural changes in subchondral bone in hip

Table 3 Bone variables in the hip with higher radiographic osteoarthritis (OA) grade compared with age matched
control subjects

Bone variables

Grade 1 (n=8)
(age 53–64)

Grade 2 (n=6–8)
(age 47–60)

Grade 3 (n=11)
(age 47–63)

Grade 1–3 (n=25–27)
(age 47–63)

Mean (SD)

% of
controls
(n=7) Mean (SD)

% of
controls
(n=6–7) Mean (SD)

% of
controls
(n=15–16) Mean (SD)

% of
controls
(n=28–30)

Proximal femur
Femoral neck

BMC (g) 6.28 (0.92) 114 6.37 (0.81) 114 7.11 (1.76) 124* 6.68 (1.36) 118**
Area (cm2) 6.11 (0.46) 107 6.16 (0.17) 111* 6.33 (0.26) 110* 6.22 (0.47) 109***
Width (cm) 4.08 (0.30) 107 4.11 (0.25) 113* 4.22 (0.37) 110* 4.15 (0.32) 109***
BMDareal (g/cm2) 1.030 (0.165) 106 1.040 (0.173) 102 1.123 (0.261) 123 1.074 (0.212) 108
Volmri (cm3) 16.08 (2.24) 120 16.29 (1.43) 122** 16.73 (3.26) 116 16.39 (2.49) 118***
BMDmri (g/cm3) 0.392 (0.089) 94 0.411 (0.070) 97 0.441 (0.119) 108 0.416 (0.097) 101

Trochanter
BMC (g) 15.13 (1.69) 95 14.97 (2.22) 101 14.98 (4.72) 100 15.02 (3.38) 99
Area (cm2) 15.73 (1.17) 95 15.99 (0.89) 104 15.45 (2.55) 97 15.69 (1.83) 98
BMDareal (g/cm2) 0.969 (0.152) 101 0.935 (0.117) 97 0.952 (0.198) 101 0.951 (0.160) 100

Calcaneus
BMDareal (g/cm2) 0.806 (0.082) 107 0.740 (0.099) 106 0.858 (0.193) 107 0.809 (0.150) 105

Radiographic grading was made as described by Li et al.29

*p<0.05, **p<0.01, ***p<0.001, compared with age matched healthy controls (Student’s t test and Mann-Whitney U test).
BMC = bone mineral content; Area = area of the measured region of interest; Width = width of the femoral neck; BMDareal = areal bone mineral density;
Volmri = volume of the femoral neck from magnetic resonance images (MRI); BMDmri = BMD corrected with MRI derived volume.

Table 4 Differences in bone variables in the
osteoarthritis (OA) group

Bone variables
Ratio between sides
(RGD >1)

Proximal femur
Femoral neck

BMC (g) 1.10**
Area (cm2) 1.06***
Width (cm) 1.06***
BMDareal (g/cm2) 1.04*
Volmri (cm3) 1.13***
BMDmri (g/cm3) 0.96

Trochanter
BMC (g) 0.94**
Area (cm2) 0.96*
BMDareal (g/cm2) 0.98

Calcaneus
BMDareal (g/cm2) 0.98

The results are presented as ratios between the hip side with higher
OA grade and the hip with lower OA grade when the radiographic
scoring difference (RGD) is >1 grade (n=20). Radiographic grading
was made as described by Li et al.29

*p<0.05, **p<0.01, ***p<0.001 (Student’s t test and Wilcoxons’s
matched pairs signed rank test).
BMC = Bone mineral content; Area = area of the measured region of
interest; Width = width of the femoral neck; BMDareal = areal bone
mineral density; Volmri = volume of the femoral neck from magnetic
resonance images (MRI); BMDmri = BMD corrected with MRI derived
bone volume.
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OA. Thus this study does not allow us to conclude that the
bone changes in the femoral neck area are similar to possible
changes in the subchondral bone plate and subchondral
trabecular bone just below the articular cartilage.

Most previous studies using DXA have reported increased
BMDareal in the femoral neck in patients with hip OA compared
with healthy controls matched for age and sex.8 10 11 40 41 It has
also been reported that an increase in the severity of hip OA
simultaneously yields an increased femoral neck BMDareal.

8 Our
results showing a 4–8% higher BMDareal in the femoral neck,
even though not statistically significant, are comparable to the
results of previous population based, cross sectional studies on
hip OA.8–10 It was also observed that, in the subjects with OA,
BMDareal of the femoral neck was significantly higher (4%) in
the hips with more severe OA than in those with lower grade
OA. However, when the BMDareal values were corrected for the
size of the femoral neck (BMDmri), no significant differences
were observed. The severity of OA seemed to have no
significant effect on BMDareal, BMDmri, or BMC in this study.

To our knowledge, this study is the first to show significant
changes in femoral neck size in subjects with hip OA. The sig-
nificance of bone mass and width in generalised OA was pre-
viously pointed out by Roh et al,19 42 Hochberg et al,43 and
Dequeker et al.44 Roh et al19 42 showed that, in cases of primary
OA of the hip, the width of the metacarpal and the radius are
significantly greater than in controls and that the bone width
has a major effect on the percentage cortical area or BMD.
Hochberg et al43 noticed that men with definite knee OA have
significantly greater radial bone mass and width than
controls. Thus, because of the generally larger bone dimen-
sions in hip and knee OA, it is very unlikely that the local
mechanical effects could alone explain the increase in size of
the femoral neck in our study. In generalised OA, bone volume,
measured from the cortical bone of the iliac crest, appears to
be increased as a result of low bone turnover and a high con-
tent of growth factors such as insulin-like growth factors I
and II, transforming growth factor β, and osteocalcin.45 This
may explain the greater size of the femoral neck observed in
this study. The increase in size of the femoral neck can also be
expected to increase its strength, because the structural
strength of bone depends not only on its density but also on its
size and gross geometry.46 These results are consistent with
previous findings that OA protects from hip fractures.5 15

In the calcaneus, there was no significant difference in
BMDareal between the groups. This suggests that the changes in
this measure in hip OA are localised. Most previous studies
have focused on either the BMDareal of the proximal
femur10 11 40 41 or the BMDareal measured at a distance from the
OA hip joint.12 17–22 One previous study measured both the local
BMDareal of the proximal femur and the BMDareal at a specified
distance from the OA hip joint.8 These authors noticed that
women with grade 3–4 hip OA had not only a significantly
higher BMDareal at the femoral neck (8%) but also in the
calcaneus (5%) compared with those with grade 0–1 OA. The
study design, however, differed from that of our study and
therefore direct comparisons cannot be made.

DXA is widely used and provides an accurate method for the
in vivo measurement of BMDareal of the proximal femur. How-
ever, an increase in BMC, bone area, and width in OA joints
may result from an error caused by the presence of
osteophytes within the ROI, for example. However, the ROIs
are distal to the sites of the femoral osteophytes. We also
checked from the DXA images that no osteophytes were local-
ised within the ROIs during DXA analysis. Subject positioning
in the DXA method can also be critical because patients with
OA may be less able to rotate the hip internally, which leads to
a falsely increased BMD.47 However, Nevitt et al8 showed that
adjustment for restricted internal rotation of the hip does not
alter hip BMD.

Failure to adjust for bone size in DXA can also lead to an
erroneous interpretation of BMD values. To our knowledge,

this is the first time that volume of the femoral neck was

determined to produce a BMD measure that was adjusted for

femoral neck volume (BMDmri). Normalisation of BMD values

for the size of the femoral neck is necessary when subjects

with different femoral neck sizes are compared with each

other. We previously presented a method for calculating

apparent volumetric BMD (BMDvol (g/cm3)).25 In this method,

the lumbar and femoral neck body was assumed to have a

cylindrical shape. The DXA derived BMDvol correlated moder-

ately well with BMDmri (r=0.665–0.822) in lumbar

vertebrae.48 Although the use of MRI to produce a true

volumetric density has not previously been validated, the DXA

derived BMDvol of the femoral neck also correlates highly with

BMDmri (r=0.737) (unpublished data).

The selection criteria for patients with OA for this study

were based on both radiographic changes and symptoms of

hip OA. If the subjects had been selected only on the basis of

radiographic changes in the hip joint, osteophytes and joint

space narrowing might have indicated a physiological

alteration or individual variation. The selection criteria used

meant that patients with minimal radiographic changes (OA

grade 1) and clinical symptoms were also examined. The con-

trol group consisted of a random sample from the general

population. Excluding any hip pain at all in control subjects

might have caused some bias, because there may be

non-specific hip pain in subjects who do not have radiographic

or clinical hip OA or other exclusion diagnoses or symptoms.

However, the use of these criteria made the logistics of the

study easier. There were no differences in weight, or body mass

index between the OA and control groups. Therefore

differences in the femoral neck bone could not be due to

anthropometric differences between the patients with OA and

healthy subjects.

The small number of subjects is a limitation of the study,

because the statistical power to detect differences with 27–30

subjects in a group may be low. It is possible that, if we had

used a larger group of control subjects, we would also have

observed significantly higher BMDareal levels in the OA group.

Relatively few subjects were used for economic reasons; MRI

and DXA measurements are expensive. However, the statisti-

cal findings between groups were comparable to differences

noted in subjects with OA when the hips with more severe OA

were compared with the hips with lower grade OA.

Owing to the cross sectional design of this study, we cannot

determine the cause-effect relation between bone structure

and hip OA. It is also premature to state that bone remodelling

initiates the OA changes in hip articular cartilage. However,

our results clearly show that men with hip OA have

significantly higher BMC and greater bone size in the femoral

neck. Whether these changes have a role in the pathogenesis

of hip OA remains to be elucidated.

ACKNOWLEDGMENTS
This study was supported by an EVO grant (5960408) from Kuopio
University Hospital. We thank Eila Koski and Jari Räisänen for their
technical assistance.

. . . . . . . . . . . . . . . . . . . . .
Authors’ affiliations
J P A Arokoski, M H Arokoski, Department of Physical and
Rehabilitation Medicine, Kuopio University Hospital, Kuopio, Finland
H Kröger, Department of Surgery
L H Niemitukia, Department of Clinical Radiology
J S Jurvelin, Department of Clinical Physiology
H J Helminen, Department of Anatomy, University of Kuopio

REFERENCES
1 Radin EL, Burr DB, Caterson B, Fyhrie D, Brown TD, Boyd RD.

Mechanical determinants of osteoarthrosis. Semin Arthritis Rheum
1991;21:12–21.

2 Dequeker J, Mokassa L, Aerssens J. Bone density and osteoarthritis. J
Rheum Suppl 1995;43:98–100.

Bone mineral content in osteoarthritis 149

www.annrheumdis.com

http://ard.bmj.com


3 Burr DB. The importance of subchondral bone in osteoarthrosis. Curr
Opin Rheumatol 1998;10:256–62.

4 Arokoski JPA, Jurvelin JS, Väätäinen U, Helminen HJ. Normal and
pathological adaptation of articular cartilage to joint loading. Scand J
Med Sci Sports 2000;10:186–98.

5 Dequeker J. Inverse relationship of interface between osteoporosis and
osteoarthritis. J Rheumatol 1997;24:795–8.

6 Buckwalter JA, Mankin HJ. Articular cartilage: degeneration and
osteoarthritis, repair, regeneration, and transplantation. Instr Course Lect
1998;47:487–504.

7 Cooper C, Cook PL, Osmond C, Fisher L, Cawley MI. Osteoarthritis of
the hip and osteoporosis of the proximal femur. Ann Rheum Dis
1991;50:540–2.

8 Nevitt MC, Lane NE, Scott JC, et al. Radiographic osteoarthritis of the
hip and bone mineral density. The Study of Osteoporotic Fractures
Research Group. Arthritis Rheum 1995;38:907–16.

9 Arden NK, Griffiths GO, Hart DJ, Doyle DV, Spector TD. The association
between osteoarthritis and osteoporotic fracture: the Chingford Study. Br
J Rheumatol 1996;35:1299–304.

10 Burger H, van Daele PL, Odding E, Valkenburg HA, Hofman A,
Grobbee DE, et al. Association of radiographically evident osteoarthritis
with higher bone mineral density and increased bone loss with age. The
Rotterdam Study. Arthritis Rheum 1996;39:81–6.

11 Bruno RJ, Sauer PA, Rosenberg AG, Block J, Sumner DR. The pattern of
bone mineral density in the proximal femur and radiographic signs of
early joint degeneration. J Rheumatol 1999;26:636–40.

12 Belmonte-Serrano MA, Bloch DA, Lane NE, Michel BE, Fries JF. The
relationship between spinal and peripheral osteoarthritis and bone
density measurements. J Rheumatol 1993;20:1005–13.

13 Hordon LD, Stewart SP, Troughton PR, Wright V, Horsman A, Smith
MA. Primary generalized osteoarthritis and bone mass. Br J Rheumatol
1993;32:1059–61.

14 Hart DJ, Mootoosamy I, Doyle DV, Spector TD. The relationship between
osteoarthritis and osteoporosis in the general population: the Chingford
Study. Ann Rheum Dis 1994;53:158–62.

15 Sambrook P, Naganathan V. What is the relationship between
osteoarthritis and osteopororis? Bailliére’s Clin Rheumatol
1997;11:695–710.

16 Madsen OR, Brot C, Petersen MM, Sørensen OH. Body composition and
muscle strength in women scheduled for a knee or hip replacement. A
comparative study of two groups of osteoarthritic women. Clin Rheumatol
1997;16:39–44.

17 Alhava EM, Kettunen K, Karjalainen P. Bone mineral in patients with
osteoarthrosis of the hip. Acta Orthop Scand 1975;46:709–15.

18 Foss MV, Byers PD. Bone density, osteoarthrosis of the hip, and fracture
of the upper end of the femur. Ann Rheum Dis 1972;31:259–64.

19 Roh YS, Dequeker J, Mulier JC. Cortical bone remodeling and bone
mass in primary osteoarthrosis of the hip. Invest Radiol 1973;8:351–4.

20 Carlsson A, Nilsson BE, Westlin NE. Bone mass in primary coxarthrosis.
Acta Orthop Scand 1979;50:187–9.

21 Solomon L, Schnitzler CM, Browett JP. Osteoarthritis of the hip: the
patient behind the disease. Ann Rheum Dis 1982;41:118–25.

22 Cooper C, Poll V, McLaren M, Daunt SO, Cawley MI. Alterations in
appendicular skeletal mass in patients with rheumatoid, psoriatic, and
osteoarthropathy. Ann Rheum Dis 1988;47:481–4.

23 Reid DM, Kennedy NS, Smith MA, Tothill P, Nuki G. Bone mass in nodal
primary generalised osteoarthrosis. Ann Rheum Dis 1984;43:240–2.

24 Price T, Hesp R, Mitchell R. Bone density in generalized osteoarthritis. J
Rheumatol 1987;14:560–2.

25 Kröger H, Kotaniemi A, P. V, Alhava E. Bone densitometry of the spine
and femur in children by dual-energy x-ray absorptiometry. Bone Miner
1992;17:75–85.

26 Altman R, Alarcón G, Appelrouth D, Bloch D, Borenstein D, Brandt K, et
al. The American College of Rheumatology criteria for the classification
and reporting of osteoarthritis of the hip. Arthritis Rheum
1991;34:505–14.

27 Lequesne MG, Samson M. Indices of severity in osteoarthritis for weight
bearing joints. J Rheumatol Suppl 1991;27:16–8.

28 Kellgren JH, Jeffrey MR, Ball J. The epidemiology of chronic
rheumatism. Atlas of standard radiographs of arthritis. Philadelphia: FA
Davis, 1963.

29 Li KC, Higgs J, Aisen AM, Buckwalter KA, Martel W, McCune WJ. MRI
in osteoarthritis of the hip: gradations of severity. Magn Reson Imaging
1988;6:229–36.

30 Council for International Organizations of Medical Sciences. Atlas
of standard radiographs of arthritis. Oxford: Blackwell, 1963.

31 Huuskonen J, Väisänen SB, Kröger H, Jurvelin C, Bouchard C, Alhava
E, et al. Determinants of bone mineral density in middle aged men: a
population-based study. Osteoporos Int 2000;11:702–8.

32 Wolff J. Das Gesetz der Transformation der Knochen. Berlin:
Hirschwald, 1892.

33 Brandt KD, Braunstein EM, Visco DM, O’Connor B, Heck D, Albrecht M.
Anterior (cranial) cruciate ligament transection in the dog: a bona fide
model of osteoarthritis, not merely of cartilage injury and repair. J
Rheumatol 1991;18:436–46.

34 Dedrick DK, Goldstein SA, Brandt KD, O’Connor BL, Goulet RW,
Albrecht M. A longitudinal study of subchondral plate and trabecular
bone in cruciate-deficient dogs with osteoarthritis followed up for 54
months. Arthritis Rheum 1993;36:1460–7.

35 Carlson CS, Loeser RF, Jayo MJ, Weaver DS, Adams MR, Jerome CP.
Osteoarthritis in cynomolgus macaques: a primate model of naturally
occurring disease. J Orthop Res 1994;12:331–9.

36 Carlson CS, Loeser RF, Purser CB, Gardin JF, Jerome CP. Osteoarthritis
in cynomolgus macaques. III. Effects of age, gender, and subchondral
bone thickness on the severity of disease. J Bone Miner Res
1996;11:1209–17.

37 Grynpas MD, Alpert B, Katz I, Lieberman I, Pritzker KP. Subchondral
bone in osteoarthritis. Calcif Tissue Int 1991;49:20–6.

38 Fazzalari NL, Parkinson IH. Femoral trabecular bone of osteoarthritic
and normal subjects in an age and sex matched group. Osteoarthritis
Cartilage 1998;6:377–82.

39 Li B, Aspden RM. Mechanical and material properties of the subchondral
bone plate from the femoral head of patients with osteoarthritis or
osteoporosis. Ann Rheum Dis 1997;56:247–54.

40 Knight SM, Ring EF, Bhalla AK. Bone mineral density and osteoarthritis.
Ann Rheum Dis 1992;51:1025–6.

41 Goker B, Sumner DR, Hurwitz DE, Block JA. Bone mineral density varies
as a function of the rate of joint space narrowing in the hip. J Rheumatol
2000;27:735–8.

42 Roh YS, Dequeker J, Mulier JC. Bone mass in osteoarthrosis, measured in
vivo by photon absorption. J Bone Joint Surg [Am] 1974;56:587–91.

43 Hochberg MC, Lethbridge-Cejku M, Scott WWJ, Reichle R, Plato CC,
Tobin JD. Upper extremity bone mass and osteoarthritis of the knees:
data from the Baltimore Longitudinal Study of Aging. J Bone Miner Res
1995;10:432–8.

44 Dequeker J, Boonen S, Aerssens J, Westhovens R. Inverse relationship
osteoarthritis-osteoporosis. What is the evidence? What are the
consequences? Br J Rheumatol 1996;35:813–20.

45 Dequeker J, Mohan S, Finkelman RD, Aerssens J, Baylink DJ.
Generalized osteoarthritis associated with increased insulin-like growth
factor types I and II and transforming growth factor beta in cortical bone
from the iliac crest. Possible mechanism of increased bone density and
protection against osteoporosis. Arthritis Rheum 1993;36:1702–8.

46 Currey JD. The mechanical adaptations of bones. Princeton: Princeton
University Press, 1984.

47 Girard MS, Sartoris DJ, Moscona AV, Ramos E. Measured femoral
density by dual-energy x-ray absorptiometry as a function of rotation.
Orthop Rev 1994;1:38–40.

48 Kröger H, Vainio P, Nieminen J, Kotaniemi A. Comparison of different
models for interpreting bone mineral density measurements using DXA
and MRI technology. Bone 1995;17:157–159

150 Arokoski, Arokoski, Jurvelin, et al

www.annrheumdis.com

http://ard.bmj.com

