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Abstract
Background: Treatment compliance is important in the treatment of osteoporosis. Our hypotheses were
as follows: 1) compliance with osteoporosis treatment after total knee arthroplasty (TKA) will be high,
and 2) osteoporosis treatment results after TKA will be as good as those of patients who do not undergo
TKA.

Methods and Materials: Patients diagnosed with osteoporosis for the �rst time in an outpatient clinic
(OPD group) and those who were diagnosed at hospitalization for TKA (TKA group) from March 2019 to
December 2020 were retrospectively evaluated. Only patients treated with denoxumab were included in
the study. Compliance, based on the outpatient follow-up rate after 1 year, was compared between the
two groups, and the treatment outcomes were compared based on bone mineral density (BMD).

Results: In the OPD group, 29 of 41 patients were followed up 1 year later, and in the TKA group, all 14
patients were followed up after 1 year. In the OPD group, the BMD increased signi�cantly. In the TKA
group, there was a signi�cant increase in BMD only in the lumbar spine. However, there were no
signi�cant between-group differences in the BMD before and after treatment.

Conclusion: Osteoporosis treatment compliance was signi�cantly higher in the TKA group than in the
OPD group. When denoxumab was used after TKA, there was no decrease in BMD, and osteoporosis
treatment results after TKA were similar to those of the OPD group.

Introduction
The incidence of degenerative diseases has been increasing as the population ages. Among these
diseases, osteoporosis is di�cult to diagnose without special examination because it is not
symptomatic. In addition, treatment effectiveness is affected by treatment compliance, even when
treatment is initiated after diagnosis.[1] However, if geriatric fractures occur without osteoporosis
treatment, patients experience a decrease in quality of life and incur heavy medical expenses. In addition,
decrease in activity due to a fracture can cause various other diseases; therefore, it is important to treat
osteoporosis before a fracture occurs.

Total knee arthroplasty (TKA) is mainly performed for end-stage knee osteoarthritis (OA), which has a
high prevalence in older female patients. Although the exact cause for this high prevalence remains
unknown, it is consistent with the high-risk group for osteoporosis. Therefore, many patients who undergo
TKA are often also diagnosed with osteoporosis. Approximately 37% of patients undergoing TKA were
diagnosed with osteoporosis.[2] However, osteoporosis patients undergoing TKA tend to be undertreated;
therefore, detection and treatment of these patients is important.[3–6]

Osteoporosis treatment is important for patients with nonsurgical knee OA. In such patients, osteoporosis
treatment can improve clinical scores and help relieve pain. [7, 8] Treatment of osteoporosis is important
even after TKA. Bone mineral density (BMD) may decrease until approximately 24 months after TKA,
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thereby increasing the risk of periprosthetic fractures.[9, 10] Moreover, osteoporosis can increase the
revision rate by increasing the probability of aseptic loosening after TKA; osteoporosis treatment may
help in early stable �xation of the prosthesis and reduce the revision rate after TKA.[11, 12]

Compliance is an important factor for the success of osteoporosis treatment. High compliance may lower
the risk of fractures.[13]. According to one study, the one-year compliance with osteoporosis treatment
was approximately 50%.[14] On the other side, the probability of outpatient follow-up after 1 year of TKA
is approximately 70%.[15, 16] This probability was higher than the one-year compliance with osteoporosis
treatment, and we believe that osteoporosis treatment after TKA may lead to higher compliance. In
addition, osteoporosis treatment after TKA may prevent the BMD decrease at 1 year after TKA. The
hypotheses of this study are as follows: 1) compliance with osteoporosis treatment after TKA will be
higher than compliance with that without TKA. 2) the results of osteoporosis treatment after TKA will be
as good as those of the non-operation group.

Material And Method
We retrospectively evaluated patients diagnosed with osteoporosis for the �rst time in an outpatient clinic
(OPD group) and those diagnosed at hospitalization for TKA (TKA group) from March 2019 to December
2020. The following criteria, which are currently used as the diagnostic criteria for osteoporosis in South
Korea, were used for osteoporosis diagnosis: (1) average T-score of − 2.5 or less at two or more points on
the L-spine on duel energy x-ray absorptiometry (DEXA), or (2) lowest T-score of − 2.5 or less in the femur
excluding the ward. Osteoporosis was de�ned as only one of these two conditions. Among patients
diagnosed with osteoporosis, only those treated with denoxumab were included in this study because the
administration method and type of drug can affect the outcome of osteoporosis treatment. [1, 17] The
exclusion criteria were as follows: (1) patients undergoing treatment other than that with denoxumab, (2)
patients with fractures during treatment, and (3) patients who changed medications due to
complications. The effect of the treatment was con�rmed based on compliance and DEXA results after 1
year. Approval from the institutional review board was prospectively obtained before the analysis
(approval number: BOHUN 2022-02-014).

Compliance
Compliance was con�rmed based on the outpatient follow-up rate after 1 year of treatment. Because of
the characteristics of denoxumab, the injection was administered every 6 months; therefore, follow-up
loss was de�ned as a case wherein no DEXA tests were performed 1 year after treatment initiation or
when no outpatient follow-up was performed until 3 months or more had passed after the scheduled
follow-up date. Outpatient follow-up was performed at 6 weeks, 3 months, 6 months, and 12 months after
TKA. In the case of osteoporosis treatment after TKA, the injection was initiated at the outpatient visit 6
weeks after TKA, and patients were followed up at 6 months and 1 year after the �rst injection.

DEXA evaluation
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In the DEXA evaluation (Prodigy Bone Densitometer, Madison, WI, USA), the T-score from L1 to L4,
average T-score at two or more points on the L-spine, and T-score at the femur neck, femur ward, and
femur total area were measured. The lowest T-score from L1 to L4, lowest average T-score at two or more
points on the L-spine, lowest T-score of the femur neck, and lowest T-score of the femur total were
evaluated in this study. The values of the four variables before and after 1 year of treatment were
compared. In addition, the lowest value among the average T-score at two or more points on the L-spine,
T-score at the femur neck, and T-score at the femur total was used as a diagnostic criterion for
osteoporosis, and this value was also compared before and after treatment.

Statistical analysis
All statistical analyses were performed using SPSS Statistics (version 22.0; IBM Corp., Armonk, NY, USA).
Chi-square analysis was performed of the follow-up rate between the two groups to compare their
compliance. A paired t-test was performed to compare DEXA values before and after treatment in each
group, and an independent t-test was performed to analyze between-group differences. Statistical
signi�cance was set at p < 0.05.

Results
The OPD group comprised 41 patients; none of these patients met the exclusion criteria. The TKA group
comprised 15 patients; however, one of them had a periprosthetic fracture 3 months after TKA and was
treated with teriparatide; therefore, 14 patients were included in this group. (Table 1)

Table 1
Patient demographics and 1 year follow-up

  OPD group (n = 41) TKA group (n = 14)

Sex Male: 4

Female: 37

Male: 0

Female: 14

Age 74.3 ± 9.2 75.4 ± 5.0

Height (cm) 153.3 ± 5.2 149.0 ± 6.5

Weight (kg) 53.6 ± 7.9 58.1 ± 8.1

BMI 23.1 ± 2.5 26.2 ± 3.4

1 year follow-up Follow up: 29

Follow up loss: 12

Follow up: 14

Follow up loss: 0

OPD: outpatient clinic, TKA: total knee arthroplasty, BMI: body mass index

Compliance
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Forty one patients were diagnosed with osteoporosis at the outpatient clinic, and denoxumab was
initiated. Among them, 29 patients were followed up at the outpatient clinic after 1 year, and additional
DEXA tests were performed, based on which treatment was continued or terminated. In the TKA group, all
14 patients were followed up by the outpatient clinic 1 year after TKA.

DEXA outcome
The DEXA results after 1 year in the OPD and TKA groups were compared (Table 2). The DEXA values of
the OPD group showed a statistically signi�cant increase in the lowest T-score from L1 to L4, lowest
average T-score at two or more points on the L-spine, lowest T-score of the femur neck, and lowest T-score
of the femur total. In the TKA group, there was a statistically signi�cant increase in the lowest average T-
score at two or more points on the L-spine. However, there were no signi�cant between-group differences
in the DEXA results before and after treatment.
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Table 2
Osteoporosis treatment outcome

    OPD group TKA group p-
value

DEXA L-spine (lowest) Initial -2.83 ± 
1.13

-3.12 ± 
0.69

0.36

After 1 year -2.61 ± 
1.09

-2.96 ± 
0.82

0.67

p-value 0.01 0.1  

DEXA L-spine more than 2
site

Initial -2.68 ± 
1.09

-2.96 ± 
0.65

0.42

After 1 year -2.39 ± 
1.13

2.69 ± 0.85 0.68

p-value < 0.01 0.01  

DEXA femur neck Initial -2.34 ± 
0.76

-2.23 ± 0.7 0.69

After 1 year -2.24 ± 
0.88

-2.20 ± 
0.81

0.31

p-value 0.02 0.65  

DEXA femur total Initial -2.03 ± 
0.89

-2.20 ± 
0.58

0.1

After 1 year -1.93 ± 
0.87

-2.16 ± 
0.65

0.12

p-value 0.01 0.49  

Lowest value Initial -3.06 ± 
0.48

-3.14 ± 
0.43

0.79

After 1 year -2.87 ± 
0.55

-2.99 ± 
0.58

0.86

p-value < 0.01 0.09  

Δ T-score DEXA L-spine 0.23 ± 0.42 0.16 ± 0.35 0.24

DEXA L-spine more than 2
site

0.29 ± 0.31 0.27 ± 0.32 0.88

DEXA femur neck 0.10 ± 0.20 0.03 ± 0.23 0.51

DEXA femur total 0.10 ± 0.18 0.04 ± 0.23 0.3

Lowest value 0.19 ± 0.29 0.15 ± 0.30 0.91

DEXA: dual energy X-ray absorptiometry, OPD: outpatient, TKA: total knee arthroplasty
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Discussion
The principal �ndings of this study were as follows: (1) patient compliance with osteoporosis treatment
after TKA was high, and (2) there was no signi�cant difference in the degree of improvement in the DEXA
results between the OPD and TKA groups.

Successful osteoporosis treatment requires the selection of the appropriate treatment method and
enhanced treatment compliance.[18] Low compliance is generally due to concerns regarding drug-
induced adverse effects.[1] While the exact factors in�uencing compliance remain unknown,[17]
treatment compliance is higher with injectable agents than with oral agents, and among injectable
agents, compliance is generally high when injection is required once every 6 months.[14] Osteoporosis
treatment compliance is higher when it is treated by a specialist and in cases of enhanced doctor-patient
communication.[19–21] Further, compliance with osteoporosis treatment is higher when compliance with
the treatments of concomitant diseases is high. In this study, we believed that treatment compliance in
the TKA group would be high because patients in this group had increased interactions with doctors, and
treatment compliance of patients who performed TKA was relatively high.

In the present study, the compliance rate in the TKA group was very high at 100%, even considering the
small number of patients included. This rate was much higher than the general TKA 1-year outpatient
follow-up rate of approximately 70%.[15, 16] Osteoporosis treatment compliance in the OPD group was
also approximately 70% higher than the general one-year follow-up rate of 50%.[14] We believe that
because the hospital involved in the study is a public hospital, treatment cost is relatively low, which can
increase the follow-up rate.[22] Further, as mentioned, the high compliance rate in the TKA group may be
because patients in the TKA group had more interactions with the doctor; the relatively high 1-year follow-
up rate of TKA may have also affected osteoporosis treatment compliance. The use of denoxumab,
which is used for injection once every 6 months and showed relatively good compliance, is also
considered to be one of the reasons for the good compliance.[23]

Previous studies have demonstrated a decrease in BMD 1 year after TKA; osteoporosis treatment after
TKA can prevent BMD loss.[9, 10, 24] In this study, BMD increased signi�cantly at 1 year after treatment
in the OPD group. However, in the TKA group, only the lowest average T-score at two or more points on the
L-spine showed a statistically signi�cant increase, and although there was an increase at other sites, the
difference was not statistically signi�cant. There was no statistical difference in the degree of increase in
the T-scores between the two groups. The use of denoxumab after TKA was not statistically signi�cant 1
year after TKA, but it helped prevent the decrease in BMD.

Previous studies have reported on the change in BMD when osteoporosis treatment is performed after
TKA, but there is no report on the number of patients who continue to receive osteoporosis treatment. In
particular, denoxumab has been reported to have high compliance; however, there are no reports on
postoperative compliance. In this study, TKA increased compliance with osteoporosis treatment. While
TKA is not required to increase compliance, if osteoporosis is treated after TKA, various complications,
such as periprosthetic fracture, aseptic loosening, and postoperative pain can be reduced; thus,
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osteoporosis treatment is required. In such cases, enhanced treatment effects can be expected because
the treatment compliance is much higher than that before TKA. Moreover, osteoporosis is undertreated in
a large number of patients undergoing TKA. A greater effect can be expected in the detection and
treatment of patients with osteoporosis.

The present study has some limitations. First, the number of patients included in this study was small. To
solve this problem, more data will be collected prospectively and additional research results will be
published based on the current study. Second, the DEXA results did not indicate the BMD status around
the knee implant. However, since DEXA results are generally used to indicate the outcomes of
osteoporosis treatment, we believe that the overall osteoporosis treatment results in this study can be
judged using DEXA evaluation. Third, as this was a retrospective study, the selection bias was likely to be
high.

Conclusion
Osteoporosis treatment compliance in the TKA group was signi�cantly higher than that in the non-TKA
group. When denoxumab was used after TKA, there was no decrease in BMD, and the treatment results
were equivalent to those in the non-TKA group.

Abbreviations
TKA: total knee arthroplasty, DEXA: duel energy x-ray absorptiometry, BMD: bone mineral density, OPD:
outpatient
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