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Background: There are few reports on bone mineral density (BMD) changes of axial
bones after total knee replacement (TKR) due to severe osteoarthritis (OA) of the knee
joint and its results are controversial. The purpose of our study was to measure the BMD
changes of hip and spine in patients receiving TKR due to severe OA and to identify clinical factors relating BMD changes. Methods: Among 66 female patients above 65 years
old who underwent TKR due to severe OA and checked preoperative BMD, 52 patients
who checked 1 year follow up BMD were enrolled. We investigated the association of
the BMD changes with bilaterality of operation, obesity, preoperative knee functional
scores, bisphosphonate medication, and diagnosis of osteoporosis. Results: We found
no correlation between BMD changes and bilaterality of operation, obesity, preoperative knee functional scores and diagnosis of osteoporosis. Spine BMD increased in nontreatment and bisphosphonate treatment group but total hip BMD significantly increas
ed in bisphosphonate treatment group. Conclusions: Bisphosphonate treatment for 1
year prevents early reduction of hip BMD just after TKR regardless osteoporosis diagnosis. We considered that the bisphosphonate medication would be beneficial to prevention of later hip fracture in elderly patient receiving TKR due to severe OA of knee joints.
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Osteoporosis and osteoarthritis is a common disease in women over the age of
65 and the recent increase of aging population has increased the number of patients as well as the surgical management cases of both diseases. Because the
main risk factors of osteoporosis are aging and low body weight while those main
risk factors of knee osteoarthritis (OA) are aging and obesity, these diseases have
been considered as having inverse relationship. However, there are lots of patients
who have both disease entities. In particular, in the case of patients with severe
knee OA, gait disturbance due to pain and reduced activity in the living environment and poor exercise capacity make the bone mineral density (BMD) of the hip
area equal or even decrease. The studies about changes of axial BMD in patient
who underwent total knee arthroplasty due to severe OA are few and the absence
of a consistent consensus. So we measure the BMD changes of hip and spine in
http://e-jbm.org/  105
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patients receiving total knee replacement (TKR) due to severe degenerative OA and identify the correlation with clinical factors such as postoperative bisphosphonate medication , whether bilateral operation, the patient’s obesity status, preoperative knee function score, or preoperative diagnosis of osteoporosis.

METHODS
1. Subjects
From January 2007 to May 2010, among 66 female patients over the age of 65 who checked preoperative BMD
and underwent total knee arthroplasty due to severe OA,
52 patients who checked follow-up BMD were included.
Patients who had a history of brain disease, metabolic bone
disease, rheumatoid arthritis and received knee or hip surgery in the past were excluded. There were no patients who
used the walking aids, such as crutch or cane because of
the knee joint pain after 3months of operation.

2. Methods
BMD at the lumbar and hip region were measured by
dual energy X-ray absorptiometry (DXA) with supine position. The bone density of the lumbar region (L1-L4), left
femoral neck and left total hip density were measured.[1]
Postoperative BMD was measured by same machine and
same way. Osteoporosis is defined by a T-score -2.5 or less
and osteopenia is defined by a T-score -2.5 between -1 at
the lumbar, femoral neck and total hip region whichever is
lowest according to the World Health Organization (WHO)
international reference standard.[2] Obesity ranges are determined by using weight and height to calculate a number called the body mass index (BMI, kg/m2). A patient who
has a BMI between 18.5 and 25 is considered normal and a
patient who has a BMI of 25 or higher is considered obese.
Preoperative knee functional score was evaluated by the
criteria of the American Knee Society respectively.[3] We
consider the bilateral operation case if both knee were operated at the same time or within 3months separately, meaning we excluded the cases which both knee were operated
more than 3 months period separately.

3. Analysis
Descriptive statistics were calculated to determine the
demographic and clinical characteristics of patients. Com-
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parison of variables between differences in BMD related to
the clinical conditions was tested by using student t-test.
Statistical analyses were conducted using SPSS (SPSS Inc.,
Chicago, IL, USA) for window version 12.0 and statistical
significance was accepted for P value of <0.05.

RESULTS
1. Clinical characteristics of the patients
52 patients participated in this study; the average age
was 70.2±3.7, the average weight was 62.0±7.9 kg and
the average height was 151.0±5.7 cm, the average BMI
was 27.2±2.8 and the average functional knee score was
53.4±14.1. There was no significant changes of spine, femur neck, total hip BMD between preoperative and 1 year
after the operation (Table 1). Mean follow up period was
2.2 years. There were 28 cases (53.8%) in which the patient
received simultaneous bilateral knee surgery, and there
were 41 (78.8%) patients who were obese. There were 38
(73.1%) patients who took bisphosphonate medication. Finally, there were 32 (61.5%) cases in which the patients
had low bone density, and 20 (38.5%) cases in which the
patients were diagnosed with osteoporosis (Table 2).

2. BMD changes according to the clinical
conditions
There are no significant BMD changes to the patients
one year after the operation whether they received bilateral knee operation or not, additionally, their obesity level,
preoperative knee function score, and preoperative diagnosis for osteoporosis did not matter as well. However, in
Table 1. General characteristics of study subjects (52 patients)
Mean±SD
Age (yr)

70.2±3.7

Height (cm)

151.0±5.7

Weight (kg)

62.0±7.9

Body Mass Index

27.2±2.8

Knee functional score

53.4±14.1

Bone Mineral Density (g/cm )
Preoperative
Spine
Femur neck
Total hip
Postoperative 1 yr
Spine
Femur neck
Total hip
2

0.938±0.141
0.694±0.082
0.755±0.099
0.973±0.143
0.695±0.086
0.762±0.102
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Table 2. Numbers of patients according to clinical factors (52 patients)
Operation site

Unilateral
24 (46.2)

Bilateral
28 (53,8)

Body mass index

Normal
11 (21.2)

Obesity
41 (78.8)

Calcium only
14 (26.9)

Bisphosphonate
38 (73.1)

Osteopenia
32 (61.5)

Osteoporosis
20 (38.5)

Medication
Diagnosis of osteoporosis
( ): %.

the bisphosphonate treatment group, total hip BMD was
significantly increased compared to the non-treatment
group. The spine BMD were increased in both the treatment
and the non-treatment group (0.045 g/cm2 and 0.036 g/
cm2). Furthermore, the femur neck and total hip BMD were
increased in the treatment group (0.006 g/cm2, 0.017 g/cm2)
while they were decreased in the non-treatment group
(-0.012 g/cm2, -0.020 g/cm2) (Table 3).

DISCUSSION
Patients with OA of knee joints, in most cases, have relatively higher BMD. OA and osteoporosis have been recognized as inverse relationship to each other because the
main risk factors of osteoporosis are aging and low body
weight while those of knee OA are aging and obesity.[4,5]
However, depending on the patient's age, lifestyle and environments, both diseases may be present simultaneously,
especially in cases with long term disability due to OA.[6]
Hannan et al.[7] reported mean femoral BMD at the proximal femur sites with lower grades of knee OA to be 5-9%
high also compared to those with no knee OA and mean
femoral BMD in those with grade 4 OA was not higher than
in those with no OA. The authors checked both side hip
BMD of patient with severe OA and reported that patients
had a lower hip BMD on the symptomatic knee side compared with that of the contralateral hip and hip BMD was
positively correlated with grade of radiographic change
and negatively correlated with knee functional score.[8]
Lingard et al.[9] investigated the prevalence of osteoporosis in patients with severe hip and knee OA awaiting joint
arthroplasty and reported that the overall rate of osteoporosis was 23% and 43% of patients would have been classified as osteopenia. In our study, there were 32 cases (61.5%)
of patients having low bone density, and 20 cases of patients diagnosed with osteoporosis. Labuda et al.[10] rehttp://dx.doi.org/10.11005/jbm.2013.20.2.105

Table 3. Changes of spine, femur neck and total hip bone mineral
density in Non-treatment and bisphosphonate group
Non-treatment group
1 yr

Bisphosphonate group P value

BMD

Pre-op

Change Pre-op

Spine

0.959 0.994

0.045 0.930 0.966

1 yr

Change
0.036

0.94

Femur neck

0.730 0.718 -0.012 0.681 0.687

0.006

0.06

Total hip

0.787 0.767 -0.020 0.743 0.760

0.017

0.01

g/cm .
BMD, bone mineral density.
2

ported that osteoporosis is common in the osteoarthritic
arthroplasty population, with a prevalence at least equal
to that in the general population and suggested that osteoporosis assessment is needed in patients undergoing a
joint replacement.
There are many studies about BMD changes regarding
the periprosthetic region after total joint replacement, but
studies about BMD changes of axial bone after total joint
replacement in patients with OA are limited. Gazdzik et al.
[11] reported that a decrease in BMD was observed in all
determined regions within one year after the surgery and
the most significant BMD decrease at the periprosthetic
region was observed in the period between 5-12 weeks after the knee joint arthroplasty, the result furthermore shows
increased bone resorption and decreased motor activity of
the patients. So they recommended early patient rehabilitation and loading of the operated extremity. Ishii et al.[12]
investigated the relationship between TKR and BMD in the
same and opposite hips and reported that there was no
statistical difference among preoperative, 6 months, 1 year,
2 years after TKR and 45% of the hips on the operative side
and 59% of the hips on the non-operative side at 2 years
after TKR had higher BMD than preoperative levels. However, Soininvaara et al.[13] checked the BMD in the proximal femur and contralateral knee at one year after TKR and
reported neither the hip nor the non-operated knee BMDs
increased and concluded that improved mobility after TKR
does not improve the effects of preoperative disuse associated with bone loss in the short term. However, in our study,
the spine BMD was increased and hip BMD was decreased
in non-treatment group at 1 year after TKR.
Studies concerning the relationship between OA and
fractures by Bergink et al.[14] investigated the association
between prevalent radiographic OA of the knee and incident vertebral and non-vertebral fracture and reported
that the knee OA is associated with an increased risk of inhttp://e-jbm.org/  107
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cidental vertebral and non-vertebral fracture, independent
of BMD and parameters of postural stability. Arden et al.[15]
reported prevalent knee pain was associated with an increased risk of falling (hazard ratio [HR] 1.26. 95% confidence interval [CI] 1.17-1.36) and hip fracture (HR 2.0 95%
CI 1.18-3.37). And they suggested knee pain and OA should
be regarded as independent risk factors for fracture.
Joshi et al.[16] reported 4 cases of ipsilateral fracture of
the femoral neck after TKR. They explained possible mechanisms of fractures are due to changes in the weight bearing axis of the extremity and poor mobility and weakened
bones. So they suggested graduating weight bearing, treating osteoporosis and using less constrained devices may
avoid stress fracture of the femoral neck after TKR. PrietoAlhambra et al.[17] investigated changes of hip fracture
rate before and after TKR due to OA and reported hip fracture rates were insignificantly reduced before the operation but, in the year after TKR, relative risk increased significantly up to 1.58 and then declined to equal by 3 years compared with controls.
Recently, bisphosphonate are being prescribed as first
choice drug for osteoporosis. And common mechanisms
of failure of TKR are represented by aseptic loosening, infection, and instability. Biologic mechanisms related aseptic loosening are large amount of activated macrophages,
high concentration of specific cytokines, and presence of
bone resorption by osteoclasts.[18] Carulli et al.[19] proposed the use of bisphosphonate in patients undergoing a
joint arthroplasty to reduce the progressive bone loss at
the counterface between components and bone, to improve implant survival, and to prevent loosening. Hence,
bisphosphonate treatment after TKR not only helps streng
then the osteoporotic bone but it also prevents aseptic
loosening of implants. Wang et al.[20] evaluated the long
term effects of bisphosphonate on periprosthetic BMD
changes after TKR. They reported BMD increased at six and
12 months after TKR but no significant difference was noted after thirty-six months. Lee et al.[21] reported that BMD
declined in more than half of the patients, even though
they took the bisphosphonate treatment for only 1 year after TKR, this decline was significant in bilateral TKR patients.
Moreover patients undergoing bilateral TKR, who had more
severe OA at baseline had a lower BMD response after 2
years of bisphosphonate treatment, compared with patients with less severe unilateral knee OA who underwent

108  
http://e-jbm.org/

unilateral TKR.[22] However, In our study, in bisphosphonate treatment group, total hip BMD was significantly increased compared to non-treatment group regardless of
operation sites whether unilateral or bilateral and osteoporosis diagnosis. Prieto-Alhambra et al.[23] assessed the
effect of bisphosphonate use on post TKR fracture risk and
reported that the HR associated with bisphosphonate therapy after TKR was 0.5 in non-fractured patients previously
and 0.45 in subjects with osteoporotic and with other previous fracture. This suggested bisphosphonate treatment
after TKR reduced the risk of fracture by 50-55%.

CONCLUSION
Spine BMD increased in both bisphosphonate treatment
and non-treatment groups but total hip BMD significantly
increased in bisphosphonate treatment group only. Bisphosphonate treatment for 1 year prevents early reduction of
hip BMD just after TKR regardless of osteoporosis diagnosis. These results considered bisphosphonate medication
after TKR would be beneficial to the prevention of later hip
fracture in elderly patients who suffer from severe OA of
the knee joints and underwent total knee arthroplasty.
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