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Hip motion and moments during gait relate directly to proximal
femoral bone mineral density in patients with hip osteoarthritis
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Abstract

The present study examined the loads at the hip joint during gait and the bone mineral density of the proximal femur in 25 patients
with end-stage hip osteoarthritis. Dual energy X-ray absorptiometry was used to determine the bone mineral density of the greater
trochanter, femoral neck and Ward’s triangle of the osteoarthritic group. The bone mineral density was normalized for the patient’s
age, gender, weight and ethnic origin (Z score). Gait analysis was used to determine the external hip joint moments and motion during
walking for the osteoarthritic group and a control group of 21 normal subjects. The gait parameters of the osteoarthritic group which
were significantly diminished compared to the normal group (p < 0.001) accounted for as much as 42% (p < 0.001) of the variation in
the normalized bone mineral density. Specifically, the dynamic sagittal plane hip motion during gait (maximum flexion minus
maximum extension) and peak external rotation and adduction moments were significantly correlated with greater trochanter
(R = 0.429-0.648, p = 0.032-0.0001) and Ward's triangle (R = 0.418 0.532, p = 0.038-0.006) normalized bone mineral density while
the adduction moment was also significantly correlated with the femoral neck normalized bone mineral density (R = 0.5394,
p = 0.005). The normalized bone mineral density of the femoral neck and Ward’s triangle was elevated while that of the greater
trochanter was decreased as compared to normal reference values. The significant correlation between the hip joint moments during
gait and femoral bone mineral density indicate that hip joint loads need to be included when explaining local variation in bone
mineral density in hip osteoarthritis. « 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction Cooper et al., 1991; Nevitt et al.,, 1995) as well as at
remote sites (Carlsson et al, 1979; Roh et al., 1974).
However, both increases (Nevitt et al., 1995) and de-

creases in greater trochanter bone mineral density

Unloading of bone results in bone loss experimentally
(Kannus et al, 1996, Rubin et al, 1988; Skerry and

Lanyon, 1995) and in clinical situations which have pre-
sumably led to disuse (Kale et al., 1995; Kiratli et al.,
1996). Thus, changes in femoral bone commonly reported
in patients with hip osteoarthritis and total hip replace-
ments may be related to changes in the hip joint loads
during activities of daily living. Hip osteoarthritis has
been associated with increased bone mineral density at
the femoral neck and Ward’s triangle (Bruno et al., 1998;
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(Bruno et al., 1998) have been reported. To date increased
bone mineral density associated with hip osteoarthritis
has been attributed to the disease itself, but limb disuse
may have an additional confounding effect on the bone
causing localized disuse osteopenia. Bone loss in patients
with osteoarthritis may limit the surgical options for
those patients requiring total hip replacements and pos-
sibly compromise the long term outcome. To better
understand bone changes associated with hip osteoar-
thritis a better understanding of the relationship between
limb loading and bone mineral density is required. This
improved understanding of bone changes associated with






