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Abstract

Background: Osteoarthritis and osteoporosis are the most prevalent musculoskeletal disorders (MSDs) in middle aged and elderly
individuals and affect their quality of life (QOL). The presence of both these disorders is rarely reported in an individual patient. This
study was conducted with the aim to assess this association using Dual-energy X-ray absorptiometry (DEXA) as a measure of bone
mineral density (BMD) in patients undergoing hip and knee arthroplasty.

Methods: Between August 2015 and August 2018, 71 patients were selected as the study participants. The inclusion criteria included
age of higher than 50 years and presence of primary or secondary arthritic conditions. The exclusion criteria were age of below
50 years, prolonged steroid intake (3 months), metabolic disease, and performance of arthroplasty for the management of fractures.
Results: The incidence rate of osteoporosis was found to be higher in higher age groups of patients undergoing arthroplasty.
Furthermore, there was no statistical difference in the T-scores with respect to the sex of the patients.

Conclusion: Osteoarthritis and osteoporosis can occur simultaneously in an individual. The development of osteoarthritis does not
prevent the development of generalized osteoporosis in an individual patient.
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Background

The disorders of the musculoskeletal system are the
most common cause of chronic pain and disability. With
the increase in average life expectancy, these disorders
have gained importance worldwide (1-3). Both
osteoarthritis and osteoporosis have a bearing on the
overall quality of life (QOL) of an elderly individual.

The magnitude of osteoarthritis can be gauged from
the number of patients undergoing hip and knee
arthroplasty procedures. It is estimated that on average
70,000 hip replacements and 120,000 knee replacements
are being annually performed in India. Joint replacement
surgeries help to limit the pain and disability resulting
from osteoarthritis.

Like osteoarthritis, osteoporosis is also a global
problem in the elderly (4, 5). Khadilkar and Mandlik found
that 1 out of every 5 Indian women above the age of 50 are
osteoporotic, which is quite large given the large
population that falls in this bracket (6). Given the
alarming rate of osteoporosis among women, it seems
essential to recognize the disease and start treatment. The
number of men with osteoporosis has not been accurately
documented in the literature (7).

The coexistence of osteoarthritis and osteoporosis in
individual patients has been considered to be rare. Previous
studies have shown that patients with osteoarthritis have a
better bone mineral density (BMD) as compared to the
control population (814). Therefore, it is believed that
patients with osteoarthritis are less likely to develop
osteoporosis (10, 15-17). Osteoarthritis has been found to

delay the development of osteoporotic fractures, which is
suggestive of a beneficial effect on bone density (18, 19).

However, despite the suggestion of its contrast in
literature, the simultaneous presence of both these
degenerative pathologies in a middle aged to elderly
individual cannot be ruled out. Arthroplasty provides an
opportunity for the clinician to detect and treat
osteopenia, which can significantly affect the QOL of the
patient as well as implant longevity.

The present study was conducted with the aim to
assess this association using Dual-energy X-ray
absorptiometry (DEXA) as a measure of BMD in patients
undergoing hip and knee arthroplasty (7).

Methods

This prospective study was conducted on individuals with
primary osteoarthritis of hip and knee joints who underwent
arthroplasty at the Government Medical College and
Hospital, Chandigarh, India. Between August 2015 and August
2018, 71 patients who met the study inclusion and exclusion
criteria were selected as the study participants. The study was
approved by the institutional ethics committee on the 3% of
May 2016 with the code GMCH-TA-I-143(Batch
2015)[2016/659594. The inclusion criteria were age of higher
than 50 years and presence of primary or secondary arthritic
conditions. The exclusion criteria included age of below 50
years, prolonged steroid intake (3 months), metabolic disease,
and performance of arthroplasty for the management of
fractures. The levels of serum calcium, serum phosphate,
alkaline phosphatase, and vitamin D were determined at the
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time of admission to rule out the possibility of metabolic
bone disease. BMD was measured using DEXA using the
Hologic DEXA system. A single-site lumbar DEXA was
performed pre-operatively and the results were expressed as
Tscore and Z-score according to the World Health
Organization (WHO) criteria. Follow-up DEXA scans were also
performed 3, 6,and 12 months after the procedure.
Continuous and normally distributed data are presented
in the form of mean and standard deviation. Student’s t-test
was used to compare the mean age, mean T-score at the
beginning of the study, and the 3-month, 6-month, and 1-year
follow-up, mean calcium levels, mean vitamin D levels, mean
phosphate levels, and mean alkaline phosphate levels.
Qualitative data were compared using the chi-square test, i.e.,
the number of men to women in each age group, men to
women as per diagnosis, and the number of healthy,
osteopenic, and osteoporotic individuals in each group.

Results

In total, 71 patients satisfied the inclusion criteria of
which 19 patients had undergone total hip arthroplasty
(THA) and 52 total knee arthroplasty (TKA) that were
further divided into 4 age groups. The mean age, men to
women ratio, and decade-wise distribution of men to
women patients are presented in table 1.

Table 1. Mean age, men to women ratio, and decade-wise distribution of
men to women patients

Variable Hip OA (n=19) Knee OA (n=52) P
Mean age 56.63+7.12 63.83+8.03 <0.01
Men: women ratio 13:6 1339 <0.01
50-59 years 1:4 5:9 0.04
60-69 years 11 3:22 0.14
70-79 years 11 5:5 0.99<
80-89 years 0:0 03

OA: Osteoarthritis

Statistical analysis showed a statistically significant
difference in mean age (P < 0.01); patients with knee
osteoarthritis had a higher mean age. The overall sex
distribution in the 2 groups was highly significant
statistically (P < 0.01), with a higher proportion of women
in the knee osteoarthritis group. In the decade-wise
distribution of patients, the difference in men to women
ratio was significant in the first group (50-59 years), but it
was not significant in the other groups.

The T-score was recorded at the beginning of the study,
and the patients were divided into healthy, osteopenic,
and osteoporotic categories as per their scores. The T-score
in the hip and knee osteoarthritis groups was compared,
and the difference was analyzed (Table 2).

Table 2. Division of patients as per T-scores with diagnosis

Variable Hip OA(n=19) Knee OA (n=52) P

Healthy 7 11 0.17
Osteopenia 10 16 0.09
Osteoporosis 2 25 <0.01

OA: Osteoarthritis

Out of a total of 71 patients, 18 patients (25.4%) had a
normal bone density, while 53 patients (74.6%) had
decreased bone density. The difference in the 3 groups was
statistically significant (P = 0.01). In comparing the 2
groups in terms of the number of people with normal
bone density and osteopenia, the difference was not
statistically significant. However, this difference was
highly significant statistically (P < 0.01) in osteoporotic
individuals, which suggested that a significant number of
osteoporotic individuals underwent TKA.

The sex distribution of arthroplasty cases compared as
per their T-scores is presented in tables 3and 4.
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Statistical analysis showed that the sex distribution was
not significant in hip osteoarthritis patients (P = 0.83), but
was significant in the knee osteoarthritis patients (P = 0.02).

Table 3. T-score relation to sex in patients with osteoarthritis of the hip

Variable Men Women P

Healthy 5 2 0.83
Osteopenia 7 3 0.88
Osteoporosis 1 1 0.55

In patients with hip osteoarthritis, the division
between the 3 categories in terms of sex was not
statistically  significant. In patients with knee
osteoarthritis, the division between healthy (P = 0.01) and
osteoporotic individuals (P = 0.03) in terms of sex was
significant, but was not significant between healthy and
osteopenic individuals (P > 0.01).

Table 4. T-score relation to sex in patients with osteoarthritis of the knee

Variable Men Women P
Healthy 6 5 0.01
Osteopenia 4 12 0.99<
Osteoporosis 3 22 0.03

The number of healthy, osteopenic, and osteoporotic
individuals in each age group was recorded separately in
hip osteoarthritis and knee osteoarthritis patients. The
distribution among hip osteoarthritis patients is shown in
table 5. The maximum number of patients with normal
bone density (46.7%) was observed in the 50-59 years age
group, and there was no patient with normal bone density
in the 60 years and higher age group. The maximum
number of osteopenic individuals (46.7%) was also observed
in the 50-59 years age group. There was only 1 patient with
osteoporosis in the 50-59 years age group (6.67%).

Table 5. Age distribution of patients with respect to bone density in the hip
osteoarthritis group

Age (year) Hip OA
Healthy Osteopenia Osteoporosis
50-59 7 7 1
60-69 1 1
70-79 2
80-89

OA: Osteoarthritis

The age distribution in knee osteoarthritis patients is
presented in table 6. Decreased bone density was observed
in 71.4% (10 out of 14) of patients in the 50-59 years age group,
84% of patients (21 out of 25) in the 60-69 years age group,
70% of patients (7 out of 10) in the 70-79 years age group, and
100% of patients (3 out of 3) in the 80-89 years age group.

Table 6. Age distribution of patients with respect to bone density in the
knee osteoarthritis group

Age (year) Knee OA

Total Healthy Osteopenia Osteoporosis
50-59 14 4 4 6
60-69 25 4 9 12
70-79 10 3 2 5
80-89 3 0 1 2

OA: Osteoarthritis

The age distribution of men patients on the basis of
T-score is presented in figure 1.
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Figure 1. Age distribution of men patients on the basis of T-score
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The age distribution of women patients on the basis of
T-score is presented in figure 2.
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Figure 2. Age distribution of women patients on the basis of T-score

In the hip osteoarthritis group, the mean T-scores of
men and women in each age group were compared with
each other, as shown in table 7. The difference was not
statistically significant.

Table 7. Age group comparison between men and women in total hip

arthroplasty cases

Age group (year) Men Women P
5059 -1.07+1.29 (n=11) ‘1+121(n=4) 0.92
60-69 -1.7(n=1) 31(n=1)

70-79 2.48(n=1) -1.9(n=1)

The mean T-scores of men and women in each age
group were compared in the TKA group (Table 8).

Table 8. Age group comparison between men and women in total knee
arthroplasty cases

Age group (year) Men Women P
5059 -0.8+1.29 (n=5) 2.54+114(n=9) 0.02
60-69 21£0.71(n=3) -33+0.94(n=22) 0.04
70-79 -0.84+171(n=5) 3.16+0.46 (n=5) 0.01
80-89 2.8+03

Statistical analysis showed that the difference in the
mean score was significant in all the age groups, with
women having lower T-scores. The difference in the mean
T-score of women in different age groups was not
significant (P = 0.07).

The mean T-score at the beginning of the study was -
1.89 +1.37. The mean T-scores at the 3-month, 6-month, and
1-year follow-ups were -1.73 £ 1.29, -1.54 + 1.21, and -1.34 + 1.15,
respectively. The difference between the mean scores at
the beginning of the study and 1-year follow-up was
statistically significant (P = 0.01).

The mean T-score in men was -1.20 + 138 at the
beginning of the study, and -1.12 + 1.01 at the 1-year follow-
up (Table 9), but this difference was not statistically
significant (P =0.12).

Table 9. Follow-up T-scores of the men population

Age group (year) T-score (Men)

1] 3months 6 months 12 months
5059 -0.99 -0.89 -0.73 -0.53
60-69 215 2 1.8 15
70-79 1117 -1107 -0.833 -0.65
80-89 - - - -

The mean T-score in men at different time intervals
during the span of 1-year is illustrated in figure 3.

The mean T-score in women was -2.30 * 118 at the
beginning of the study, and -1.46 £ 1.20 at the 1-year follow-
up (Table10).
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Figure 3. T-scores vs. follow-up of age groups in the men population

This difference was statistically significant (P = 0.03).

Table 10. Follow-up T-scores of the women population

Age group (year) T-score (Women)

1] 3months 6 months 12 months
50-59 2.07 -1.93 1.7 -1.51
60-69 -2.178 -2.013 -1.83 -1.648
70-79 -2.95 -2.617 -2.35 -2
80-89 -2.867 -2.567 -2.367 2.3

The mean T-score in women at different time intervals
during the span of 1-year is shown in figure 4.
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Figure 4. T-scores vs. follow-up of age groups in the women population

The mean age, mean vitamin D levels, mean calcium
levels, mean phosphate levels, mean alkaline phosphatase
levels, and the mean T-scores in men and women are
presented in table 11.

Table 11. Comparison of various parameters of the men and women population

Variable Men (n=26) Women (n=45) P
59.7+8.92 63.2+7.85 0.09
Vitamin D 37.21+24.90 26.13£16.88 0.02
Calcium 7.8+1.10 8.5£1.10 0.01
Phosphate 2.87+0.64 3.06+0.66 024
ALP 82.83+20.89 105.09+34.89 <0.01
T-score -1.20+1.38 -2.30+1.18 <0.01

A significant difference was found between men and
women in terms of mean vitamin D levels, mean calcium
levels, mean alkaline phosphatase levels, and mean T-
scores. The women had higher mean calcium, phosphate,
and alkaline phosphatase levels, but lower vitamin D levels
and lower T-scores.

The correlation between T-score and vitamin D levels,
calcium levels, phosphate levels, and alkaline phosphate
levels was analyzed statistically using Spearman’s
correlation coefficient in men and women. A moderately
strong correlation was found between T-score and vitamin
D levels in men (rho = 0.4), and a weak correlation between
Tscore and calcium levels (rho = 03) and T-score and
phosphate levels (rho = 03). There was no correlation
between T-score and alkaline phosphatase levels (rho =-0.03).
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In women, no correlation was found between T-score and
calcium levels (rho = 0.06), T-score and vitamin D levels
(rho =-0.04), T-score and phosphate levels (rho = 0.01), and
T-score and alkaline phosphatase levels (rho =-0.04).

Discussion

The association between osteoarthritis and
osteoporosis is subject of debate. Nevitt et al. in 1965 and
Hannan et al. in 1993 found better BMD in patients with
osteoarthritis (10, 17). They also found a decrease in the
propensity of fragility fractures in patients with
osteoarthritis, which is suggestive of a beneficial effect on
osteoporosis.

However, recent cohort studies have suggested the
exact opposite by reporting an increase in the risk of
fragility fractures in osteoarthritis cases (20-24). Chang et
al,, in 2014, concluded that a considerable proportion of
elderly women patients with advanced knee osteoarthritis
have osteoporosis, and its prevalence is similar to that in
the community-based control group when matched for
age and body mass index (BMI) (25). Thus, a consensus is
still lacking in this regard.

Osteoarthritic patients referring for arthroplasty
present an opportunity for the assessment of BMD. Lingard
et al. concluded that BMD measurements of joints affected
by osteoarthritis are non-representative of the entire
skeleton framework, and thus, used site distant to these
joints (26). For the same reason, we performed the BMD
measurements at a distance from the hip and knee joints.

In the present study, a statistically significant
difference was observed in the mean age of hip and knee
osteoarthritis patients. The mean age of hip osteoarthritis
patients was 56.63 + 7.12 years, and the mean age of knee
osteoarthritis patients was 63.83 + 8.03 years. Gunther et al.
reported the mean ages of hip and knee osteoarthritis
patients as 60.4 years and 66.3 years, respectively (27). Fang
et al. reported the mean ages of these patients as 65 years
and 67 years, respectively (28). Thus, the mean ages of these
patients in previous studies differed.

Sex distribution also differed between the hip and
knee osteoarthritis patients. A larger proportion of
women had knee osteoarthritis and a larger proportion of
men had hip osteoarthritis. Heidari, in a meta-analysis,
found increased chances of development and severity of
knee osteoarthritis in women of more than 55 years of age
as compared to men (29). Chidambaram and Cobb showed
that a larger proportion of young men are now
undergoing THA, with the mean age being 66 years and
the mean age of women being 71 years (30). The mean age
of men undergoing THA dropped from 71 years in 1993 to
66 years in 2005, with the proportion of patients of less
than 60 years of age increasing from 8% to 23%. They
observed no change in the age of patients undergoing
knee replacement (30). Thus, an increasing number of
men patients are undergoing THA, as also observed in the
present study.

The present study found a significant difference in
the association of osteoporosis with THA and TKA. There
were more osteoporotic cases among the knee
arthroplasty patients as compared to hip arthroplasty
patients. This difference can be attributed to the higher
proportion of women in the knee osteoarthritis group
and their higher mean age. This difference has not been
previously highlighted in the literature.

In comparing bone density in hip osteoarthritis
patients with relation to sex, no significant difference was
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observed. However, among the knee osteoarthritis
patients, a significant number of women were
osteoporotic as compared to men. Lingard et al., in their
study on 199 patients with equal numbers of men and
women, concluded that osteoporosis and osteopenia
occurred in a significant proportion of women patients as
compared to men patients (26).

In analyzing the patients for bone density in the hip
osteoarthritis group, it was observed that out of the total
19 patients, 7 (36.8%) had normal bone density, 10 (52.6%)
had osteopenia, and 2 (10.5%) had osteoporosis.
Domingues et al., in their study on 29 patients awaiting
hip arthroplasty, reported that 37.9% of patients had
osteopenia and 20.7% of patients had osteoporosis (31).
Makinen et al. found osteopenia in 45% of patients and
osteoporosis in 28% of the patients scheduled for THA (32).
Moreover, Glowacki et al. reported osteoporosis in 25% of
patients undergoing THA (33). In age group-wise analysis,
we observed that in the 50-59 years age group, 53.7% of
patients had bone density below the normal range. Maier et
al. in their survey of 433 orthopedic surgeons about
osteoporosis and hip arthroplasty, concluded that 72% of
surgeons preferred to use cementless implants, but 26%
would change their strategy if the patient’s T-score was
between -1.5 and -2, 40% if the score was between -2 and -2.5,
and 29% if the T-score was less than -2.5 (20). Thus, the T-score
can help surgeons choose between cemented and
cementless implants and prevent subsequent loosening
and periprosthetic fractures (PF).

In analyzing the patients for bone density in the knee
osteoarthritis group, it was observed that out of the total
52 patients, 11 (21.2%) had normal bone density, 16 (30.8%)
had osteopenia, and 25 (48%) had osteoporosis. Chang et
al, in their study on 347 patients undergoing TKA,
reported normal bone density, osteopenia, and
osteoporosis in 14.7%, 54.2%, and 31.1% of patients (25).
Sadigursky et al., in their study on 60 patients awaiting
TKA, found osteopenia in 15% and osteoporosis in 16.7% of
cases (34). Holzer and Holzer, in their study, found an
increased incidence of implant migration, osteolysis, and
both intra-operative and postoperative PF in patients with
joint replacement and osteoporosis (35).

Huang et al., in their study on 43 patients, showed that
patients with lower bone quality have increased pain and
decreased functional outcome in the postoperative period
as compared to age-matched controls (36). Thus, the
evaluation of osteoporosis before surgery can help predict
both the functional outcome and longevity of the implant.

The mean T-score in men patients at the beginning of
the study was -1.6 + 1.18, and at the 1-year follow-up was
.12 + 101, but this difference was not statistically
significant. The mean T-score in women was -2.06 + 1.44 at
the beginning of the study and -1.46 + 1.20 at the 1-year
follow-up, and the difference was statistically significant.
All the patients with T-scores of less than -1.5 were
supplemented with calcium, vitamin D, and
bisphosphonates. Safer et al., in their study on 45 women,
also showed that supplementation led to a significant
improvement in the T-score (37). Gielen et al. also
highlighted the beneficial effects of supplementation in
men patients, leading to a decrease in fracture risk (38).

A moderately strong correlation was observed
between T-score and vitamin D levels in men in the present
study, which is in concordance with the results published
by Bouillon et al. (39). However, no correlation between
vitamin D levels and T-score was observed in women in
their study.
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The present study had its limitations. A study with a larger
sample size and an equal proportion of patients in the hip
and knee osteoarthritis groups would have increased the
power of the study. The strength of the present study is its pre-
defined protocol for data collection and the inclusion of all
consecutive patients during the study period.

Conclusion

Osteoarthritis and  osteoporosis can  occur
simultaneously in an individual. The development of
osteoarthritis does not prevent the development of
generalized primary osteoporosis. In our study, 74.6% of
the patients undergoing arthroplasty had decreased BMD.
The prevalence of low BMD value was higher among
women and TKA patients. The age group of 50-59 years was
equally affected compared with the older age groups;
thus, physiological age is not sufficient for predicting
osteoporosis. The supplementation with calcium, vitamin
D, and bisphosphonates led to a significant improvement
in BMD. The low BMD in men has a moderately strong
correlation with vitamin D levels, but not in women.
The diagnosis of osteoporosis in osteoarthritis patients
would help the selection of the type of arthroplasty in hip
osteoarthritis patients, and improve the functional
outcome in knee and hip osteoarthritis patients, and
prevent the complications of loosening and PF.
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