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Abstract

Objectives: To identify the effects of two years’ oral bisphosphonate (alendronate) treatment in

patients who underwent total knee arthroplasty (TKA); to determine whether significant

responses seen after the first year of treatment changed during the second year. Additionally,

the study tried to identify factors relating to bone mineral density (BMD) changes.

Methods: This was a prospective 2-year follow-up study of a previous 1-year report of

postmenopausal women with knee osteoarthritis who underwent primary unilateral or staged

bilateral TKA, after which they received 70 mg alendronate orally once-weekly. BMD was

measured using quantitative computed tomography (QCT) on lumbar vertebrae at baseline (pre-

TKA) and at 12 and 24 months. Factors associated with BMD changes were determined by

regression analysis.

Results: Sixty-one patients entered the second year and continued treatment for �24 months.

Mean vertebral QCT BMDs at baseline and after 12 and 24 months’ alendronate treatment were

71.8 mg/ml (41.9–97.5 mg/ml), 69.3 mg/ml (31.4–103.9 mg/ml), and 72.7 mg/ml (33.1–136.1 mg/ml),

respectively. Patients undergoing bilateral TKA and who had more severe OA at baseline (bilateral

severe [grade 4] OA) had a lower BMD response after 2 years’ bisphosphonate treatment,

compared with patients with less severe unilateral knee OA who underwent unilateral TKA.
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Improvements were, however, seen compared with year 1 levels. Low BMI was associated with

BMD nonresponse.

Conclusions: Patients with bilateral severe OA (grade 4) requiring bilateral knee replacement are

at greater risk of nonresponse after 2 years’ oral alendronate treatment. A longer duration of

treatment may be necessary in these patients.
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Introduction

Osteoarthritis (OA) and osteoporosis (OP)
are both common in the elderly and the two
conditions may be associated, as shown in
several studies that have demonstrated an
increased bone mass in OA patients – even
at sites distant to OA-affected joints – but
similar or higher risks of fragility fracture.1–3

Furthermore, prospective cohort studies
have suggested an increased risk of fragility
fractures in OA.4–6 Patients with a clinical
diagnosis of knee OA have double the risk of
a fragility hip fracture, suggesting poor bone
quality in patients with severe knee OA.4

Globally, OA is the most prevalent form
of arthritis and the prevalence of clinically
diagnosed knee OA is increasing.7,8

In advanced OA, when other treatment
modalities are of no benefit, total knee
arthroplasty (TKA) has proven to be the
most successful intervention to reduce knee
pain and improve physical function.9,10

TKA is one of the most commonly per-
formed orthopaedic surgical procedures in
older women who are also likely to require
OP management; this patient subgroup is of
particular interest because of the high risk of
bone fractures.

The effect of 12 months’ oral bispho-
sphonate (as alendronate) in postmenopau-
sal patients with knee OA, who subsequently
went on to receive TKA, has been studied
previously by our group.11 Our research

showed that lumbar spine quantitative com-
puted tomography (QCT) bone mineral
density (BMD) declined in over half
(53.7%) of these patients after alendronate
treatment, and that this decline was signifi-
cant in patients who underwent bilateral
versus unilateral TKA.

The present prospective cohort study
represents a follow-up of the previous
1-year report.11 The objectives were to
identify the effects of 2 years’ oral alendro-
nate treatment, and to determine whether
significant responses (decline of BMD in
bilateral TKA patients) seen after the first
year of treatment normalized during the
second year: a phenomenon described pre-
viously with long-term bisphosphonate
treatment (described as ‘regression to
mean’).12 The present study also determined
whether the severity of knee OA affected
response to bisphosphonate therapy, as this
was not determined in the previous study.

Patients and methods

Study population

This was a prospective 2-year follow-up
study of a previous 1-year study that
enrolled consecutive postmenopausal
women who underwent primary, elective
TKA for knee OA, between March 2007
and October 2009, at Hanyang University
Hospital, Seoul, Republic of Korea.
Eligible patients had to be >12 months
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postmenopausal and with a lumbar spine
QCT BMD of <120mg/ml. Patients were
excluded if they had a rheumatic disease or a
disease capable of affecting the skeleton,
were taking medication capable of affecting
the skeleton, or had a medication possession
ratio (MPR; a measure of compliance with
the medicine) <80%.

The study protocol was approved by the
Institutional Review Board on human sub-
ject research and by the Ethics Committee of
the Hanyang University Hospital, Seoul,
Republic of Korea. All patients provided
written informed consent.

Study procedures

All patients underwent either unilateral or
staged (with a 2-week interval) bilateral knee
TKA. All TKAs were performed using
cemented, posterior-stabilized prostheses.
After surgery, patients performed active
and passive knee range-of-motion exercises.
Patients began walking with walking aids
when active knee flexion was >90� and
quadriceps strength was considered
sufficient.

After surgery, all patients received 70mg
alendronate plus 5600 IU vitamin D3 tablets
(Fosamax-plus�, Merck Sharp & Dohme,
NJ, USA) orally, once-weekly. Patients were
educated on how to take the medications
correctly (e.g. with 6–8 oz of plain water
�30min before first breakfast, and not to lie
down for �30min after taking medication)
and were checked routinely on an outpatient
basis to confirm they were taking their
medication correctly. MPRs were calculated
for all patients, and were used as an indica-
tor of the level of compliance.13 MPR was
defined as the number of days alendronate
was taken during the study period divided
by 365 (for 1-year analysis). A weekly dose
was viewed as administration for 7 days and
prescription of alendronate at 70mg/week
was viewed as administration for 28 days
(prescribed on amonthly basis; four tablets).

Study assessments

Patient characteristics were obtained retro-
spectively by reviewing medical histories and
operation records. Associated comorbidities
were obtained by history taking and by
preoperative examinations, and included
hypertension, diabetes, cardiovascular dis-
ease, respiratory diseases and cerebral vas-
cular diseases. To identify factors associated
with BMD changes, age, body mass index
(BMI; kg/m2), radiographic knee OA grade
(assessed using the Kellgren–Lawrence clas-
sification system14), surgical procedure (uni-
lateral versus bilateral TKA) and the
number of associated comorbidities were
reviewed. Knee Society knee and function
scores were recorded for each patient at
baseline and annually thereafter, using dis-
tinct 100-point scales, with higher score
indicating better knee status.15 Standard
anteroposterior, posteroanterior, lateral,
and merchant radiographs of both knees
were routinely obtained preoperatively and
evaluated for severity of OA using the
Kellgren–Lawrence classification system.14

Knees, including nonoperated knees, were
classified as either bilateral severe OA if
both knees were of Kellgren–Lawrence
grade 4 (large osteophytes, marked joint
space narrowing, severe sclerosis and a
definite deformity of bone contour) or uni-
lateral severe OA, if the contralateral knee
was of grade 0 to grade 3.14

Quantitative computed tomography was
performed on lumbar vertebrae (L2–4) at
baseline and at 12 and 24 months after
surgery (80Kv; 10-mm slice thickness).
Traditional single-slice-based volumes of
interest (VOIs) in trabecular osteo VOIs
were measured at vertebral body midsec-
tions and trabecular BMDs (mg/ml) were
used to calculate mean BMD. A decline or
gain in BMD was defined as a change
greater than least significant change (LSC)
in lumbar spine BMD, as described previ-
ously.16–19 To calculate LSC at the lumbar
spine (L2–L4) with a 95% level of
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confidence (confidence interval, CI), the
precision error obtained from the medical
centre was multiplied by 2.77, which yielded
an LSC of 2.77%.

Patients who experienced a decline in
BMD exceeding LSC were defined as non-
responders and patients who experienced an
increase in BMD exceeding LSC were
defined as responders.

Statistical analyses

All statistical analyses were performed using
the SPSS� statistical software program,
version 10 (SPSS Inc., Chicago, Il, USA)
for Windows�. Demographic and clinical
variables were compared using the indepen-
dent-sample t-test, Fisher’s exact test or
�2-test as appropriate. In addition, univari-
ate and multivariate logistic and linear
regression analysis were used to identify
factors relating to BMD response. All
results were presented as mean values with
95% CI. Pearson’s correlation coeffcient
was calculated to identify the relationship
between bilateral TKA and bilateral severe
OA patients. P-values< 0.05 were con-
sidered statistically significant.

Results

Eighty-two patients were enrolled for the
first 12 months, as described in the 1-year
study;11 61 patients were enrolled into the
2-year follow-up study and 21 patients were
excluded from entering the second year
because of poor compliance (MPR< 80%)
(Figure 1). Mean patient age was 69.8 years
(55–83 years) at the time of operation. Of the
61 patients followed for 2 years, 10 experi-
enced a decline or gain in BMD not greater
than the LSC at 2 years: these patients were
not included in the logistic regression
analyses.

According to the Kellgren–Lawrence
classification of preoperative knee radio-
graphs,14 46 patients showed severe bilateral

OA (grade 4 for both knees), and 15 showed
severe unilateral OA (grade 4 for affected
knees; grade 2 [four patients] or grade 3 [11
patients] for contralateral knees). Of the 46
patients with severe bilateral OA, 39 (84.8%)
underwent bilateral TKA for debilitating
pain in both knees; the remaining seven
patients underwent unilateral TKA.

Mean vertebral QCT BMDs (n¼ 61) at
baseline and after 12 and 24 months’ alen-
dronate treatment were 71.8mg/ml (41.9–
97.5mg/ml), 69.3mg/ml (31.4–103.9mg/ml)
and 72.7mg/ml (33.1–136.1mg/ml), respect-
ively. This equates to a mean BMD decline
of 2.5mg/ml during the first year of bispho-
sphonate treatment followed by a mean
increase of 3.4mg/ml during the second
year. Of the 51 patients with a change of
BMD exceeding LSC (2nd year BMD com-
pared with baseline BMD), 25 (49.1%)
showed a decline (nonresponders) whereas
26 (50.9%) showed an increase (responders)
in BMD after 2 years of oral alendronate.
There were no significant differences in
baseline characteristics of responders
versus nonresponders (Table 1).

Figure 2 shows QCT BMD changes over
2 years according to surgical procedure. The
decline in BMD during the first year of
treatment in patients who underwent bilat-
eral TKA began to increase from 1-year
onwards, almost reaching pretreatment
levels after 2 years’ treatment. Patients who
underwent unilateral TKA achieved a
steady increase in QCT BMD throughout
the 2-year treatment period. Similar results
were seen when patients were stratified by
knee OA severity (Figure 3).

Univariate logistic regression analysis
showed that undergoing bilateral TKA,
bilateral severe (grade 4) OA,14 a lower
BMI and a lower level of improvement in
knee function score at 2 years’ postoperation
were significantly associated with nonre-
sponse to 2 years’ alendronate treatment
(P< 0.05; Table 2). Age, number of asso-
ciated comorbidities and improvement in
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knee score were not associated with BMD
response. Multivariate logistic regression
analysis with adjustment for possible con-
founders (age, BMI, number of associated
comorbidities, and knee and function
scores) confirmed that undergoing bilateral
TKA, bilateral severe (grade 4) OA and low
BMI were significantly associated with
BMD nonresponse (Table 3). During logis-
tic regression analysis, bilateral TKA and
bilateral severe OA were analysed separ-
ately because of their high correlation
(r2¼ 0.7603) by calculation of Pearson’s
correlation coefficient.

Univariate and multivariate linear regres-
sion analysis was also performed on all
61 patients included in the 2-year analysis.
A significant relationship between BMD
nonresponse and bilateral TKA (versus
unilateral TKA) and bilateral severe OA
(versus unilateral severe OA) was found
(data not shown).

Discussion

The present study reported, for the first
time, the effect of 2 years’ oral bispho-
sphonate (as alendronate) after TKA on

Figure 1. Flow of patients in a 2-year study evaluating the effect on bone mineral density of oral alendronate

treatment after total knee arthroplasty.
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lumbar spine BMD in postmenopausal
women. In patients undergoing bilateral
TKA, BMD declined during the first year
of treatment but increased almost back to
pretreatment levels during the second year.
Logistic and linear regression analysis
showed that surgical procedure (bilateral
TKA versus unilateral TKA), and more
severe OA (bilateral severe [grade 414] OA),
were significantly associated with BMD
nonresponse during 2 years of treatment.

In the previous 1-year study, 53.7%
(44/82) patients experienced a mean lum-
bar spine QCT BMD decline of 6mg/ml
after 1 year of oral bisphosphonate treat-
ment, whereas the remaining 38 (46.3%)
patients experienced a mean increase of
6.8mg/ml.11 Logistic and linear regression

analyses showed that bilateral TKA was
significantly associated with a decline in
BMD. The present follow-up study deter-
mined the effect of 2 years’ oral bispho-
sphonate administration and examined
whether the significant decline of BMD
observed in the bilateral TKA group after
the first year of treatment normalized during
the second. The results showed that 2 years
of bisphosphonate treatment may not be
enough to achieve full recovery in BMD in
bilateral severe OA patients undergoing
bilateral TKA. Patients with less-severe uni-
lateral OA, undergoing unilateral TKA,
showed a steady increase in BMD through-
out the 2-year treatment period. In
bilateral TKA patients, BMD had almost
reached pretreatment levels after 2 years’

Table 1. Clinical characteristics at baseline and at 2 years’ follow-up in postmenopausal

women who underwent primary, elective total knee arthroplasty (TKA) for knee osteoarthritis

(OA) in a 2-year study to evaluate the effect of oral alendronate treatment on bone mineral

density after TKA.

Characteristic

Nonrespondersa

n¼ 25

Respondersb

n¼ 26

Age, years 68.0� 5.6 68.4� 6.3

Height, cm 161.1� 59.9 163.2� 61.3

Weight, kg 60.6� 10.9 65.0� 11.1

BMD, mg/ml 73.4� 19.1 70.4� 13.4

BMI 27.4� 3.6 28.0� 2.9

Associated comorbidities, n

0 14 9

1 7 8

2 4 7

3 0 2

Initial knee scorec 37.5� 16.8 40.3� 17.1

Initial function scorec 49.0� 4.1 48.4� 9.3

Change from baseline at 2 years

Knee scorec 55.2� 17.0 55.4� 15.6

Function scorec 37.0� 13.0 42.5� 16.1

Data presented as mean� SD.
aPatients experiencing a decline in BMD exceeding LSC.
bPatients experiencing an increase in BMD exceeding LSC.
cKnee and function scores determined by the Knee Society Knee Score (range 0–100).15

BMD, bone mineral density; BMI, body mass index; LSC, least significant change.

No statistically significant between-group differences (P� 0.05); Fisher’s exact test/�2-test as applicable.
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bisphosphonate treatment, suggesting
that continued bisphosphonate treatment
of �2 years may be required to achieve a
significant BMD increase. Additionally,
seven patients with bilateral severe (grade
414) OA underwent unilateral TKA, suggest-
ing that not all patients with radiographic-
ally severe bilateral OA will require bilateral
TKA. A significant decline in BMD was
significantly greater only in bilateral severe
OA patients undergoing bilateral TKA.

Thus, bilateral severe OA, rather than bilat-
eral TKA, might have had more impact on
BMD decrease during the 2-year treatment
period.

Several studies have reported a possible
association between OA and OP.1–4,20–22

A prospective cohort study demonstrated
an increased risk of fragility fractures in
patients with OA.5 Additionally, a higher
fragility hip-fracture rate in patients with
knee OA who subsequently went on to

Figure 2. Changes in bone mineral density (BMD) over 2 years of oral alendronate treatment, stratified

according to surgical procedure (unilateral total knee arthroplasty [TKA] or bilateral TKA), in

postmenopausal women who underwent primary elective TKA for knee osteoarthritis and were followed-up

for �24 months.
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receive TKA has been reported;6 in this
study, the fracture rate started to increase
the year before (and peaked at 18 months
after) TKA, only returning to normal after
3 years.6 The present ongoing study could
provide an answer to the normal return of
fracture risk after 3 years, as it is expected
that an improvement in lumbar spine QCT
BMD over 2–3 years’ bisphosphonate treat-
ment might be demonstrated in patients with
severe OA undergoing bilateral TKA.

There were several limitations to the
present study. First, there was no control
group, and it was not possible to compare
results with patients who underwent TKA
but did not receive bisphosphonate treat-
ment. Secondly, the sample size was small
and 21 patients were excluded during the
second year of follow-up due to noncom-
pliance. Thirdly, based on previous database
study reports in this population,6 the follow-
up period may have been too short to show a

Figure 3. Changes in bone mineral density (BMD) over 2 years’ oral alendronate treatment, stratified

according to severity of knee osteoarthritis (OA) (grade 4 bilateral OA versus unilateral OA),14 in

postmenopausal women who underwent primary elective total knee arthroplasty (TKA) for knee

osteoarthritis and were followed-up for �24 months.

Lee et al. 885



Table 3. Multivariate analysis of factors related to a bone mineral density (BMD) decline in postmenopausal

women, who underwent primary elective total knee arthroplasty (TKA) for knee osteoarthritis (OA) in a 2-

year study, which evaluated the effect of oral alendronate treatment on BMD after TKA.

Statistical significancea

Parameter Including bilateral TKA Including bilateral OA

Age 1.144, (0.949, 1.381) 1.503 (0.900, 32.502)

Associated comorbidities, n

0 Reference Reference

1 2.681 (0.237, 30.291) 1.496 (0.106, 21.138)

2 47.706 (1.857, >999.999) 71.919 (1.780, >999.999)

3 >999.999 (<0.001, 999.999) >999.999 (<0.001, >999.999)

Change in knee scoreb 0.979 (0.912, 1.051) 0.969 (0.901, 1.042)

Change in function scorec 1.049 (0.976, 1.128) 1.177 (0.996, 1.393)

BMI 1.654 (1.077, 2.541) 1.999 (1.036, 3.855)

Bilateral TKA 0.008 (<0.001, 0.170) NA

Bilateral OA NA <0.001 (<0.001, 0.338)

Data presented as odds ratios (95% confidence intervals).
aCalculated using multivariate logistic regression analysis.
bDefined as 2nd-year knee score minus baseline knee score.
cDefined as 2nd-year function score minus baseline function score.

TKA, total knee arthroplasty; BMI, body mass index; OA, osteoarthritis; NA, not applicable.

Table 2. Univariate logisitc analysis of factors relating to a decline in bone mineral density

(BMD), in postmenopausal women who underwent primary elective total knee arthroplasty

(TKA) for knee osteoarthritis (OA) in a 2-year study, which evaluated the effect of oral

alendronate treatment on BMD after TKA.

Parameter Statistical significancea

Age 1.013 (0.923, 1.112)

Number of associated comorbidities

0 Reference

1 1.778 (0.477, 6.624)

2 2.722 (0.616, 12.039)

3 >999.999 (<0.001, >999.999)

Change in knee scoreb 1.010 (0.977, 1.044)

Change in function scorec 0.905 (0.821, 0.998)

Bilateral TKA 0.140 (0.037, 0.524)

BMI 1.283 (1.050, 1.567)

Bilateral OA 0.049 (0.006, 0.415)

Data presented as odds ratios (95% confidence intervals).
aCalculated using univariate logistic regression analysis.
bDefined as 2nd-year knee score minus baseline knee score.
cDefined as 2nd-year function score minus baseline function score.

TKA, total knee arthroplasty; BMI, body mass index; OA, osteoarthritis.
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full recovery in BMD with bisphosphonate
treatment post-bilateral TKA. It could be
speculated that a third year of bisphospho-
nate treatment would show significant gains
in BMD in patients with more severe knee
OA undergoing bilateral TKA. Fourthly,
bone marker levels were not monitored (e.g.
N-telopeptide of collagen type I, carboxyl-
termial cross-linking region of collagen
type I); these biochemical markers of bone
turnover are known to reflect the activity of
osteoclasts and osteoblasts,23 and should be
included in future studies. Finally, OA
severity should have been more specifically
evaluated: it was only classified as either
bilateral severe OA if both knees were of
Kellgren–Lawrence14 grade 4, or unilateral
severe OA if the contralateral knee was of
grade 0 to grade 3.14

In summary, the present study describes
the effect of 2 years’ oral alendronate treat-
ment after TKA on lumbar spine BMD, as
determined by QCT. In particular, patients
with bilateral OA (grade 414) undergoing
bilateral TKA were found to have lower
BMD response after 2 years of bispho-
sphonate treatment than patients with less
severe unilateral knee OA who underwent
unilateral TKA. Improvements were,
however, seen from year 1 onwards.
Furthermore, low BMI was associated with
BMD nonresponse. Further longer-term
studies are required to show whether con-
tinued treatment with bisphosphonates
would produce further improvements in
BMD levels, in patients undergoing TKA.
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