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Abstract
Background  Osteophyte formation is an important radiographic sign of osteoarthritis (OA) and limited joint motion in knee 
osteoarthritis patients. Some studies revealed relationships of osteophyte formation with a high bone mineral density and 
a high muscle mass, while others showed no correlations. The aim of this study was to identify relationships of osteophyte 
formation with bone mineral density and muscle mass.
Methods  A cross sectional study of knee osteoarthritis was conducted. Cases were classified as patients with osteophyte 
formation, while controls were those without osteophytes. All subjects underwent a knee x-ray and bone mineral density 
and body composition evaluation. General patient characteristics, covariates, and the results of biochemical analyses were 
also recorded. Statistical analysis was conducted using SPSS Version 22.0. Logistic regression and the chi-square test were 
utilized to analyze the relationships between the presence of knee osteophytes and the study variables.
Results  A total of 228 patients were enrolled, including 78 with osteophytes in the knee joint and 150 without. A total of 
162/228 are females; knee OA is commonly explained among females. (p = 0.001). The mean age was 73.23 ± 11.10 years 
in the osteophyte group and 71.86 ± 12.23 in the no osteophyte group (p = 0.409). The mean body mass index was 
24.15 ± 3.27 kg/m2 in the osteophyte group and 23.37 ± 3.48 kg/m2 in the no osteophyte group (p = 0.433). More patients in 
the osteophyte group had hypertension (p = 0.002), so the age group 73 years expected to have OA and hypertension along 
other metabolic diseases, and the femoral neck T score was higher in the osteophyte group (p = 0.044). Logistic regres-
sion analysis showed that the male gender was associated with less osteophyte formation (p = 0.001, odds ratio (OR) 0.11 
(0.03–0.37)), and hypertension was associated with increased muscle loss (p = 0.005). Femoral neck T score was associated 
with the presence of osteophyte formation (p = 0.011, OR 1.98 (1.17–3.36)).
Conclusions  The results demonstrated an association of knee osteophyte formation with the femoral neck T score and 
hypertension, but no association with muscle mass. We speculated that in patients with osteophytosis and increased bone 
mass, metabolic factors such as hypertension should be considered. Further study of the molecular mechanisms regulating 
these processes is needed in the future.

Key Points
• Associations of knee osteophyte formation with the femoral neck T score, but not with muscle mass.
• Those with osteophytosis and an increased bone mass and metabolic factors such as hypertension need to be assessed.
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Background

Knee osteoarthritis (OA) is common and is becoming 
increasingly prevalent in the aging population. Conventional 
radiographic findings include joint space narrowing, scle-
rosis of the subchondral bone, subchondral cysts, and the 
formation of osteophytes, which are the key features in knee 
OA [1]. At present, the formation of osteophytes is regarded 
as an important radiographic sign of OA and is taken to 
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indicate degeneration of the articular cartilage within the 
tibiofemoral joint [2].

It has been reported that osteophyte formation is associated 
with increased bone mineral density (BMD) at the lumbar 
spine femoral neck [3], and several studies have observed a 
stronger association between BMD and osteophyte formation 
than between BMD and joint space narrowing [4–6], suggest-
ing that an increased BMD predisposes patients primarily to 
the bony features of OA. Other studies have suggested that 
BMD in the upper extremities is not associated with OA [7], 
and some studies have suggested that a decreased BMD is 
associated with radiographic OA of the hand [8], radius [9], 
and even the hip [10] and spine [11]. Therefore, the relation-
ship between OA and osteoporosis remains controversial.

Sarcopenia, defined as age-related loss of muscle mass 
and low muscle function, may be the most prominent com-
ponent of frailty, disability, and morbidity in older people 
[12]. In a German report, the prevalence of sarcopenia was 
significantly higher in participants with OA of the hip and 
lower limbs as compared with their nonarthritic peers [13]. 
In fact, lower limb muscle weakness favors OA progression 
[14]. Waters et al. reported that the habitual walking speed 
was significantly lower in patients with OA [15]; however, 
a review of OA and sarcopenia [16] illustrated that neither 
a direct effect of sarcopenia on OA development, nor the 
opposite relationship, can be concluded.

So, what are the relationships of osteophyte formation 
with BMD or sarcopenia? The aim of this study was to 
define the relationships of knee osteophyte formation with 
BMD and muscle mass. We aimed to determine whether the 
prevalence of radiographic knee osteophytes is increased 
with a high bone mass, or whether greater osteophyte forma-
tion is observed with a higher muscle mass.

Methods

A cross sectional study of the presence of knee osteophytes 
was conducted. The cases were defined as patients with 
osteophyte formation, and the controls were those without 
osteophyte formation.

Study group

Two-hundred and twenty-eight patients with knee pain [162 
women, 66 men; mean age 72 years (range, 44–87 years)] 
were randomly selected for study. The patients fulfilled 
Kellgren JH, Lawrence JS criteria for classification for knee 
osteoarthritis [17]. All patients gave their informed written 
consent, and the study was approved by the Ethics Commit-
tee of Kaohsiung Chang Gung Memorial Hospital.

Radiographic assessment

Both knees of each patient were radiographed in a weight-
bearing position. All radiographs were read consecutively 
by a single trained observer. A knee was classified as having 
radiographic knee osteophytes if one or more were found in 
either the medial or lateral tibiofemoral compartment or the 
patellofemoral compartment [18].

Bone mineral density evaluation (DXA)

The bone mineral densities of the lumbar spine, femoral 
neck, and total femur, along with the appendicular muscle 
mass and total fat mass, were assessed via DXA analysis 
using dual-energy X-ray absorptiometry [19].

Body composition study

Body composition was assessed using whole-body DXA 
(Lunar iDXA, GE Healthcare, Tokyo, Japan). Whole-body 
scans enabled assessment of the total lean body mass and 
total fat mass.

General characteristics, covariates, 
and comorbidities

The general characteristics of the subjects were ascer-
tained via questionnaire to assess the presence of dis-
eases, medications being taken, and lifestyle variables. 
Participants were asked to list their medications and dis-
eases on a questionnaire completed at home, and research 
assistants then checked the questionnaires for complete-
ness and accuracy in the presence of the participants. 
Detailed interviews were conducted in order to confirm 
the presence of specific diseases (e.g., osteoporosis, coro-
nary heart disease, diabetes mellitus, OA) listed by the 
participants in close cooperation with the participants. In 
cases of doubt, written indications attested by the respon-
sible doctor were requested.

The biochemical parameters examined included hemo-
globin, urea, creatinine, calcium, phosphorus, and HbA1c.

Statistical analysis

Continuous variables were compared between groups using 
t-tests, while associations between categorical variables 
were assessed using chi-squared tests. Logistic regression 
analyses were used to examine the associations between the 
presence of osteophytes and bone mineral density, muscle 
mass, and other parameters. A p value of less than 0.05 (two-
tailed) or a 95% confidence interval (CI) not including the 
null point were regarded as indicating statistical significance. 
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All statistical analyses were performed using SPSS Version 
22.0 for Windows (Chicago, IL, USA).

Results

A total of 228 patients were enrolled, 78 of whom had osteo-
phytes at the knee joint and 150 who did not. Female subjects 
were predominant in the osteophyte group (p = 0.001). The 
mean age was 73.23 ± 11.10 years in the osteophyte group 
and 71.86 ± 12.23 in the no osteophyte group (p = 0.409). 
The mean body mass index was 24.15 ± 3.27 kg/m2 in the 
osteophyte group and 23.37 ± 3.48 kg/m2 in the no osteo-
phyte group (p = 0.433). More subjects in the osteophyte 
group had hypertension (p = 0.002), and the femoral neck T 
score was higher in the osteophyte group (p = 0.044). The 
characteristics of the patients are shown in Table 1. Using 
osteophytes as the outcome, logistic regression analy-
sis showed that the male gender was associated with less 
osteophyte formation (p = 0.001, OR 0.11 (0.03–0.37)), and 

hypertension was associated with increased muscle loss 
(p = 0.005). So the age group 73 years expected to have OA 
and hypertension along other metabolic diseases, and the 
femoral neck T score was higher in the osteophyte group 
(p = 0.044). Femoral neck T score was associated with 
the presence of osteophyte formation (p = 0.011, OR 1.98 
(1.17–3.36)) (Table 2). In this study, 43.2% had femoral neck 
T score <  − 2.5.

Discussion

Our data showed that osteophyte formation was associated 
with a femoral neck T score, consistent with previous reports 
[3], and an increased BMD predisposes patients primarily 
to the bony features of OA. Hence, the relationship between 
OA and osteoporosis is consistent. Osteophyte formation 
was strongly associated with a femoral neck T score, as con-
firmed by pQCT study [20], and therefore, increased bone 
formation is a key feature in patients with a femoral neck T 

Table 1   Characteristics of the 
patients enrolled in the study

Variables Osteophyte group 
(n = 78)

No osteophytes group 
(n = 150)

p value

Age (years), mean ± SD 73.23 ± 11.10 71.86 ± 12.23 0.409
Gender (female %) 66 (84.6) 96 (64.0) 0.001
Body mass index (kg/m2), mean ± SD 24.15 ± 3.27 23.37 ± 3.48 0.102
Smoking (n, %) 5 (6.4) 13 (8.7) 0.375
Alcohol consumption (n, %) 4 (5.1) 8 (5.3) 0.608
Diabetes mellitus (n, %) 18 (23.1) 27 (18.0) 0.229
Hypertension (n, %) 39 (50.0) 45 (30.0) 0.002
Cardiovascular disease (n, %) 15 (19.2) 24 (16.0) 0.330
Chronic liver disease (n, %) 9 (11.5) 12 (8.0) 0.259
Neurological disease (n, %) 3 (3.8) 6 (4.0) 0.630
Chronic kidney disease (n, %) 15 (19.2) 21 (14.0) 0.200
Appen.lean/height2 (kg/m2), mean ± SD 5.56 ± 1.04 5.53 ± 0.91 0.840
Lumbar spine T score, mean ± SD  − 1.35 ± 0.22  − 1.11 ± 0.13 0.326
Femur neck T score, mean ± SD  − 1.88 ± 0.16  − 2.21 ± 0.07 0.044
Total femur T score, mean ± SD  − 1.12 ± 0.17  − 1.08 ± 0.10 0.811

Table 2   Factors influencing 
osteophyte formation

Abbreviations: CI, confidence interval; OR, odds ratio; SE, standard error

Variables Regression  
coefficient

SE Wald p value OR (95% CI)

Gender  − 2.200 0.618 12.691 0.001 0.11 (0.03–0.37)
Body mass index 0.028 0.071 0.150 0.699 1.03 (0.89–1.18)
Diabetes mellitus  − 0.639 0.453 1.987 0.159 0.53 (0.22–1.28)
Hypertension 1.157 0.412 7.900 0.005 3.18 (1.42–7.12)
Chronic liver disease  − 0.149 0.604 0.061 0.805 0.86 (0.26–2.81)
Total femur T score  − 0.409 0.249 2.704 0.100 0.66 (0.41–1.08)
Femur neck T score 0.683 0.269 6.453 0.011 1.98 (1.17–3.36)
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score. In addition, a literature review indicated that a bone 
mass is associated with significant comorbidities [21, 22]; 
therefore, the identification of comorbidities is important in 
patients with osteophyte formation.

A possible reason for a femoral neck BMD and osteo-
phyte formation is altered joint loading secondary to an 
increased bone mass or as a result of an increased bone-
formation response to a given load. These findings highlight 
that an altered bone response may contribute to the appear-
ance of osteophytosis and increased bone mass. A high bone 
mass is associated with an increased risk of osteophytosis, 
which results in clinical end points of OA, such as joint 
replacement [21]. However, in this study, DXA was used 
to measure spine, total hip, and femoral neck, appendicu-
lar skeleton as distal radius, not knee, which differed from 
previous studies of the relationship between a high femoral 
BMD and hip osteophyte formation. Therefore, there may be 
a biological subtype of knee joint, and the biologic explana-
tions of the increased bony proliferative response in these 
individuals include alterations in growth factor expressions 
[23], which are presumably related to genetic factors [24].

Our data also showed that osteophyte formation was 
not related to muscle mass. This differed from a previous 
German study, in which sarcopenia was found to be sig-
nificantly more prevalent in participants with OA at the hip 
and lower limbs as compared with nonarthritic peers [13]. 
A definitive reason for a patient’s lower-limb weakness and 
predisposition to osteophyte formation were not found in our 
study. The results of a previous study indicating functional 
interaction of muscle and cartilage, and sharing of common 
pathological pathways by chondrocytes and skeletal muscle 
cells [25], were not observed in our study. Knee osteophyte 
formation may be independent of sarcopenia.

Our data showed that osteophyte formation was associ-
ated with hypertension.

This result was compatible with a Japanese study, in 
which hypertension as a metabolic factor was found to be 
associated with osteophyte formation [26]. In a Chinese 
cohort, metabolic factors including hypertension were found 
to be associated with knee osteophytes, but not with joint 
space narrowing [27]. In addition to a high prevalence of 
OA [18, 28, 29], Asian countries are seeing an increasing 
prevalence of metabolic syndrome due to changes in lifestyle 
over recent years [30]. Gandhi et al. [31] showed that the 
prevalence of metabolic syndrome in the Asian population 
was higher than in the white and black populations.

This was the first study to present evidence that hyperten-
sion is associated with radiographic knee osteophyte for-
mation in a Taiwanese population. We speculate that the 
incidence and progression of hypertension and the presence 
of knee osteophytes are related to each other. This should 
be confirmed in further prospective cohort studies. In a 
previous study, knee osteoarthritis was found to be more 

frequent in obese women with cardiometabolic clustering 
than in those without [32]. If a patient is obese, insulin 
resistance and systemic inflammation might lead to fatigue 
and muscle weakness, which cause damage and affect repair 
mechanisms, resulting in the development of OA [33, 34]. 
In our study, there was no difference in BMI between the 
osteophyte group and the no osteophyte group. This may be 
due to the fact that osteophyte formation may precede other 
metabolic factors, or may occur via a different mechanism 
to other metabolic factors. Further study is needed for con-
firmation. Whatever the reason, the prevention of metabolic 
syndrome may be useful not only in reducing the risk of car-
diovascular disease, but also in the prevention of knee OA, 
and may lead to a reduction in disability arising from joint 
disorders. In a review, hypertension in obese type 2 diabe-
tes patients is associated with increases in insulin resistance 
and IL-6 cytokine levels [35]. While meta-analysis showed 
a relationship of common polymorphisms in IL-6, IL-1A, 
and IL-1B genes with susceptibility to osteoarthritis [36]. 
So these evidence may explain the reason of the risk for 
osteoarthritis.

In this study, osteophyte formation was observed to be 
more common in women, which has not been reported in 
previous literature. Lanyon et al. reported a decline in the 
hip joint space in women, but not in men; such changes 
may be related to sex differences in musculoskeletal aging, 
perhaps mediated through estrogen deficiency [37]. Estro-
gen is therefore an important factor related to osteophyte 
formation in the knee joint. These results have impor-
tant implications for epidemiologic study, particularly in 
view of the major emphasis on osteophyte formation in 
the knee joint. Consideration should therefore be given to 
the development of sex-specific definitions of osteophyte 
formation.

There were some limitations of this study. The cross-sec-
tional design precluded the drawing of causal correlations, 
and further prospective studies and intervention trials should 
therefore be undertaken to establish the causal associations 
between osteophyte formation and BMD, sarcopenia, and 
hypertension. In addition, the severity of osteophyte forma-
tion, knee deformities as valgus/Varus one, and hip-femur 
axis was not taken into account in this study, which may 
have limited expansion of the analysis in order to ascertain 
more realistic results and explanations. Furthermore, the 
sample size was relatively small, which may have limited 
its spread.

In conclusion, our results indicated associations of knee 
osteophyte formation with the femoral neck T score and 
hypertension, but not with muscle mass. We speculate that 
in patients with osteophytosis and an increased bone mass, 
metabolic factors such as hypertension need to be assessed. 
Further new insights into the molecular mechanisms regulat-
ing these processes are needed in the future.
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