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Bisphosphonate has great potential in KOA therapy, but whether the anti-resorption

mechanism of bisphosphonate aggravates sclerosis of subchondral bone remains

unclear. We found that bisphosphonate use did not increase sclerosis of subchondral

bone in established KOA, perhaps resolving some concerns about bisphosphonate in

patients with KOA.

Introduction: Most studies have focused on the protective effect of bisphosphonate

on early knee osteoarthritis (KOA) through its anti-resorption mechanism in osteoclasts.

However, late KOA has a decreased rate of resorption, which is the opposite of early

KOA. The risk of subchondral bone sclerosis in late KOA after using bisphosphonate has

not been investigated using morphometry.

Methods: Forty-five patients who had ever used bisphosphonate (or 33 patients

with current use) were matched with controls through propensity matching methods,

including age, body mass index (BMI), sex, health status (12-Item Short Form Survey

physical health score), physical activity level (Physical Activity Scale for the Elderly score),

vitamin D use, and calcium use. At the baseline and 12-month (or 18-month) follow-up,

bone mineral density (BMD) of the tibia and hip was measured by dual-energy X-ray

absorptiometry (DXA), and medial tibial subchondral bone morphometry: bone volume

fraction (BV/TV), trabecular thickness (Tb.Th), trabecular number (Tb.N), and trabecular

separation (Tb.Sp) were calculated based on 3-T trabecular MRI. Data were obtained

from the Bone Ancillary Study in the Osteoarthritis Initiative (OAI) project.

Results: The yearly percentage change in hip BMD of the current bisphosphonate-use

group was significantly greater than that of the non-bisphosphonate-use group (0.7%

vs. −1%, P = 0.02). The other outcomes (BV/TV, Tb.N, Tb.Sp, Tb.Th, tibia medial BMD,

and tibia lateral BMD) between the two groups presented no significant difference. The

non-bisphosphonate-use group experienced a significant increase in Tb.Th [2%, 95%
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CI = (1%, 4%), P = 0.01], while the bisphosphonate-use group presented no significant

change [1%, 95% CI = (−2%, 4%), P = 0.54].

Conclusions: Bisphosphonate use did not increase sclerosis of subchondral bone in

established KOA. Bisphosphonate might have a stage-dependent effect on subchondral

bone in KOA initiation and progression.

Keywords: bisphosphonate, subchondral bone morphometry, BVF, Tb.N, Tb.Sp, Tb.Th

INTRODUCTION

Knee osteoarthritis (KOA) is a joint disease with chronic
pain and walking disability that affects 37% of persons older
than 60 years old (1, 2). KOA is thus regarded as a serious
social issue with substantial economic burdens. KOA involves
complex etiologies, such as degeneration of cartilage, abnormal
metabolism of subchondral bone, and inflammation of the
synovial membrane, caused by genetic, environmental, and
biomechanical risk factors.

Subchondral bone is the bony component located distal
to calcified cartilage (3, 4), and it has been demonstrated
in recent studies to be related to the development and
progression of KOA (4, 5). In early KOA, abnormal loading
leads to microfractures within the osteochondral bone, and the
subsequent healing response involves osteoblasts, osteoclasts,
macrophages, mesenchymal stem cells, and complex chemical
signals. At this stage, the subchondral remodeling rate increases,
and the thickness of the subchondral plate decreases (4,
6). However, in the late stage of KOA, subchondral bone
features decreased bone resorption, finally causing bone sclerosis
(7). Subchondral sclerosis is one hallmark of KOA and
is commonly considered to be accompanied by increased
bone volume fraction (BV/TV), trabecular thickness (Tb.Th),
trabecular number (Tb.N), and decreased trabecular separation
(Tb.Sp) (8). In brief, subchondral bone undergoes distinct
pathophysiological processes in the initiation and progression
of KOA.

Bisphosphonate has enormous potential for the treatment
of KOA. Bisphosphonate can attach to the hydroxyapatite
binding sites of bone surfaces. When bisphosphonate contacts
the osteoclast, it impairs the ability of the osteoclasts to form
the ruffled border that facilitates osteoclasts in adhering to the
bony surface and producing the protons that are necessary for
bone resorption (9, 10). Therefore, bisphosphonate decreases
subchondral bone remodeling, possibly alleviating the increased
bone turnover in early KOA. Animal studies have found that
bisphosphonate increased BV/TV, Tb.N, and Tb.Th and was
beneficial to early KOA (11–13). However, considering that
the subchondral bone remodeling process in late KOA was
inversely altered, bisphosphonate might negatively affect late
KOA. In particular, increased BV/TV, Tb.N, and Tb.Th have been
demonstrated to cause established KOA to deteriorate in humans
(14–16). The effect of bisphosphonate on the BV/TV, Tb.N, and
Tb.Th of subchondral bone in moderate to late KOAwas decisive
in the justification and safety of bisphosphonate use in these
patients, but related studies have been lacking.

The present study aimed to check the safety of bisphosphonate
use for subchondral bone in established patients with KOA,
that is, whether bisphosphonate use aggravates subchondral bone
sclerosis, just as in the theoretical deduction.

METHODS

Subjects and Study Design
Data in the present study were obtained from the Bone
Ancillary Study (BAS), a subproject including 629 subjects of
the Osteoarthritis Initiative (OAI) project (https://nda.nih.gov/
oai). All BAS participants were members of the progression
cohort. The inclusion criteria were as follows: 1. complete
baseline and follow-up trabecular MRIs; 2. subchondral bone
morphometry data were revealed by the OAI project; 3.
radiological presentation of KOA; 4. knee symptoms; and 5.
bisphosphonates were used over the previous 30 days or the
previous 5 years. Persons with inflammatory arthritis, severe
joint space narrowing (JSN) in both knees, unilateral knee
joint replacement, severe JSN in the contralateral knee, and the
requirement of walking aids for most of the time were excluded.
The OAI study was approved by the institutional review
boards at corresponding sites, and all participants provided
informed consent.

Initial 3-T trabecular MRI and dual-energy X-ray
absorptiometry (DXA) were performed at either the 30- or
36-month OAI visit, and then the participants underwent repeat
MRI and DXA at the 48-month OAI visit (17). Subchondral
bone morphometry was only performed on one knee of each
participant (the majority was the right knee). The present study
included subjects with both DXA and MRI, and the initial
measurement was deemed the baseline.

Images
Participants were evaluated with a coronal-oblique three-
dimensional fast imaging with steady-state free precession (FISP)
MRI sequence, which was optimized for the visualization of
subchondral trabecular bone (18). The detailed settings are
presented in Table 1. FISP acquisition emphasizes the magnetic
susceptibility difference and chemical shift differences between
marrow fat and the trabeculae. Siemens Trio 3-T MR platforms
with a quadrature transmit-receive knee coil (USA Instruments)
were used to perform the scans.

Subchondral Bone Morphometry
Subchondral bone morphometry (BV/TV, Tb.N, Tb.Th, and
Tb.Sp) was measured by the established software calcDCN
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TABLE 1 | MRI protocol details of 3D FISP (from OAI instruction documents\

operations manuals\MRI manuals).

Parameters Values

Weighting Trabecular

Plane Coronal

Fat Sat No

Matrix (phase) 512

Matrix (freq) 512

No. of slices 72

FOV (mm) 120

Slice thickness (mm) 1

Skip (mm) 0

Flip Angle (deg) 50

TE/TI (ms) 4.92

TR (ms) 20

BW (Hz/pixel) 180

Chemical shift (pixels) 2.4

NAV (NEX) 1

Echo train length 1

Phase encode axis R/L

Phase partial fourier (8/8 = 1) 1

Readout partial fourier (8/8 = 1) 1

Slice partial fourier (8/8 = 1) 1

Options: Elliptical k- space filter

and large FOV filter;

interpolation to

1024*1024

Distance factor (%) 0

Phase oversampling 0

Slice oversampling 0

Phase resolution 100

Averaging technique Short term

Gradient rise time Fast

RF amplitude Normal

X-resolution (mm) 0.195

Y-resolution (mm) 0.195

Scan time (min) 9.6

(University of California, San Francisco) (14). A rectangular
region of interest (ROI) with a height of 3.75mm and a width
of 14–17mm depending on the size of the knee was placed in
the proximal medial tibia adjacent to the articular cartilage. Only
themedial compartment wasmeasured sincemedial tibiofemoral
OA is much more common than lateral OA. Subchondral bone
morphometry was calculated in the 20 consecutive MRI slices
central to the joint (14).

Bone volume fraction is the percentage of the number of
pixels contributing to the bone signal void normalized to the total
number of pixels in the ROI. The Tb.Th is determined using the
mean value of the mean intercept length for all angles through
a given image, measured in millimeters. The Tb.N is calculated
by dividing the BV/TV by Tb.Th. Tb.Sp is calculated using the
equation (1/Tb.N) - Tb.Th (14, 19). The mean of the metrics
across the 20 images within one knee was calculated.

Bisphosphonate Use
The half-life period of bisphosphonate was reported to be
more than 10 years (20). Therefore, this study set two research
goals: 1. to determine the effect in those who have ever taken
bisphosphonate; and 2. to determine it in those currently
taking bisphosphonate.

The participants were asked whether bisphosphonate was
taken in the previous 5 years or in the previous 30 days. If the
participant used bisphosphonate, the participant was asked about
the period during which they took bisphosphonate, when they
took a bisphosphonate for the last time, and the name of the
bisphosphonate that they took.

Propensity Score Matching
For the screening of the control group, propensity scorematching
(PSM) was performed (21). The factors considered to be
crucial confounders affecting bone turnover in osteoarthritis
were included in the propensity-score algorithm. These factors
were determined by investigators and previous reports (22–
24). A logistic model with bisphosphonate use as the outcome
was used to calculate the propensity score, and the factors
included age, body mass index (BMI), sex, baseline bone mineral
density (BMD), 12-Item Short Form Survey (SF-12) physical
health, Physical Activity Scale for the Elderly (PASE) score,
and vitamin D and calcium use in the past 30 days. Then,
one participant without bisphosphonate use was matched to
each bisphosphonate use subject based on the propensity score.
The maximum difference between propensity probabilities for
matching was initially set at 0.2 and was adjusted downward if a
significant difference in characteristics persisted after matching.

Sample Size Estimation
The sample size was estimated according to the Hulley et al.
equation (25). The yearly change percentage of Tb.Th was used
to estimate the sample size. The minimum clinically important
difference was set as 5%, and the SD calculated in our pilot study
was 0.07. The type I error rate was set as 0.05, and the type II
error rate was set as 0.2. The sample size was estimated to be 31
in each group.

Statistical Analysis
Student’s t-test was applied to investigate the difference in
continuous variables between the groups. The chi-square test was
used to test the differences in categorical variables. A two-tailed p-
value of <0.05 was considered significant. Statistical analysis was
conducted with statistical product and service solutions (SPSS)
software (version 25.0; SPSS Science, Chicago, IL, USA).

RESULTS

Patients Using Bisphosphonate in the
Previous 5 Years
Fifty-two patients used bisphosphonate over the previous 5 years,
and the average total length of bisphosphonate use was 3.9 years.
Before matching, the subjects with bisphosphonate use were
significantly older, with less physical activity, and lower BMD at
the femoral neck, and there were greater proportions of women,
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vitamin D use, and calcium use. After PSM was conducted,
the baseline characteristics between the bisphosphonate-use
group (45 subjects) and the non-bisphosphonate-use group (45
subjects) showed no significant difference (Table 2). Of the 45
participants who had ever used bisphosphonates, 30 patients used
only alendronate, seven patients used only risedronate, three
patients used alendronate and risedronate, and the other five
patients used other bisphosphonates.

Comparison Between the Follow-Up and
the Baseline
The Tb.Th significantly increased over the follow-up period in
the no-use group [yearly change percentage was 2%, 95% CI
= (0%, 3%), P < 0.05]. No significant change was detected in
Tb.Th, BV/TV, Tb.N, or Tb.Sp in the bisphosphonate-use group
(Table 3).

Comparisons Between
Non-bisphosphonate and Bisphosphonate
Use
The mean annual percentage changes between the non-
bisphosphonate-use group and the bisphosphonate-use group
were compared to evaluate the effect of bisphosphonate. All
outcomes (BV/TV, Tb.N, Tb.Sp, Tb.Th, tibia medial BMD, tibia
lateral BMD, and hip BMD) between the two groups presented
no significant differences (Figure 1).

Pain and Function Scores
The pain score (numerical rating scale) at baseline and the pain
change over 1 year between the two groups were not significantly
different. The difference in the western ontario and McMaster
universities osteoarthritis index (WOMAC) score was also not
significant (Table 4).

Patients Using Bisphosphonate in the
Previous 30 Days
Thirty-seven patients used bisphosphonate in the previous 30
days, and they were deemed current users (Figure 2). The 37
current users were included among the 52 ever users, and
we established ever-use and current-use groups because it is
unknown how long the effect of bisphosphonate on subchondral
bone lasts. After matching, 34 participants were currently
using bisphosphonates, 24 patients used only alendronate, six
patients used only risedronate, two patients used alendronate and
risedronate, and one patient used other bisphosphonates.

Comparison Between the Follow-Up and
the Baseline
The Tb.Th significantly increased over the follow-up period in
the no-use group [yearly change percentage was 2%, 95% CI
= (1%, 4%), P < 0.05]. No significant change was detected in
Tb.Th, BV/TV, Tb.N, or Tb.Sp in the bisphosphonate-use group
(Table 3).
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TABLE 3 | Yearly change of subchondral bone morphometry.

Subjects using bisphosphonate in previous 5 years Subjects using bisphosphonate in previous 30 days

Non-bisphosphonate Use bisphosphonate Non-bisphosphonate Use bisphosphonate

Mean 95%CI P Mean 95%CI P Mean 95%CI P Mean 95%CI P

BV/TV, percentage 0.05 (−0.04, 0.14) 0.29 0.03 (−0.07, 0.12) 0.59 0.05 (−0.06, 0.16) 0.35 0.05 (−0.06, 0.17) 0.38

Tb.N, percentage 0.02 (−0.06, 0.10) 0.62 0.00 (−0.07, 0.07) 0.94 0.01 (−0.08, 0.10) 0.81 0.02 (−0.06, 0.12) 0.54

Tb.Sp, percentage 0.09 (−0.01, 0.19) 0.08 0.10 (−0.00, 0.19) 0.05 0.11 (−0.02, 0.25) 0.10 0.05 (−0.05, 0.16) 0.29

Tb.Th, percentage 0.02 (0.00, 0.03) <0.05 0.01 (−0.01, 0.03) 0.44 0.02 (0.01, 0.04) 0.01 0.01 (−0.02, 0.04) 0.54

Bold value means statistical significance.

FIGURE 1 | Comparisons of subchondral bone morphometry and BMD between the bisphosphonate ever-use (in the previous 5 years) group and the

non-bisphosphonate group.

TABLE 4 | Pain score and WOMAC total score in the participants.

Subjects using bisphosphonate in previous 5 years Subjects using bisphosphonate in previous 30 days

Non-use Use P Non-use Use P

Baseline pain score 2.73 ± 2.85 3.35 ± 2.37 0.26 3.05 ± 2.87 3.29 ± 2.27 0.70

The change of pain score 0.77 ± 3.19 0.35 ± 2.72 0.50 0 ± 3.04 0.08 ± 2.99 0.90

Baseline WOMAC total score 15.39 ± 15.96 15.94 ± 13.57 0.86 14.97 ± 15.96 15.22 ± 13.60 0.94

The change of total score −0.52 ± 11.78 0.12 ± 10.69 0.78 −4.01 ± 12.01 0.37 ± 11.23 0.12
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FIGURE 2 | The flowchart for screening participants.

Comparisons Between
Non-bisphosphonate and Bisphosphonate
Use
The yearly percentage change in hip BMD in the bisphosphonate-
use group was significantly higher than that in the non-
bisphosphonate-use group (0.7 vs. −1%, P = 0.02), while the
other outcomes (BV/TV, Tb.N, Tb.Sp, Tb.Th, tibia medial BMD,
and tibia lateral BMD) between the two groups presented no
significant differences (Figure 3).

Pain and Function Scores
Both the pain score (numerical rating scale) and the WOMAC
score showed no significant difference between the groups
(Table 4).

DISCUSSIONS

The effect of bisphosphonate on the subchondral bone
morphometry of patients with KOA remains unclear. The
concern about the possibility that bisphosphonate might increase

the sclerosis of subchondral bone might discourage clinicians
from using bisphosphonate for established KOA. The present
study found that bisphosphonate use did not alter tibial
subchondral bone morphometry, which indicates sclerosis.

Fernández-Martín’s research (26) also revealed that
bisphosphonate did not alter subchondral bone morphometry.
However, there were enormous differences between the research
settings. First, our results were from human data, which were
different from previous studies using animal models. The
mechanism of KOA in animal models could differ from that
in humans; in particular, most animal models adopt traumatic
KOA, which is not in accord with most cases of practical human
KOA. Second, our study only enrolled established patients with
KOA to investigate the effect of bisphosphonate on the late stage
of KOA, while Fernández-Martín’s research studied rabbits in
the early stage.

The difference in the subchondral bone morphometry change
was not significant between the two groups, but the hip BMD
change in the current bisphosphonate-use groupwas significantly
greater than that in the no current bisphosphonate-use group.
There seems to be a contradiction between increased BMD and

Frontiers in Medicine | www.frontiersin.org 6 November 2021 | Volume 8 | Article 781219

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Li et al. The Effect of Bisphos on SB Morphometry of KOA

FIGURE 3 | Comparisons of subchondral bone morphometry and BMD between the bisphosphonate current-use (in the previous 30 days) group and the

non-bisphosphonate group.

unchanged subchondral bone morphometry or sclerosis. This
contradiction might be explained by the difference between
increased trabecular volume and increased BMD. Li et al. (27)
demonstrated that the subchondral bone of patients with OA
contained greater bone volume but less mineralization than
disease-free subchondral bone. In late KOA, bone volume
(or sclerosis) increases due to decreased bone resorption and
relatively increased bone formation. However, due to the lack of
sufficient time for full mineralization in fast bone formation, the
material density of subchondral bone will decrease (4).

The effect of bisphosphonate on patients with KOA has been
widely investigated, but the results have been conflicting. In
Maurizio Rossini et al.’s double-blind, phase III, randomized
clinical trial (RCT) (28), intra-articular injection of 2mg
of clodronate was associated with a lower visual analogue
scale (VAS) and less analgesic drug use in patients with
KOA at the 5-week follow-up. Laslett et al. (29) reported a
significant reduction in numeric rating scale pain in the first
3 years with bisphosphonate use in patients with KOA. Arti
et al. (30) conducted a RCT of 130 patients, demonstrating

that a combination therapy of glucosamine and alendronate
significantly improved stiffness and function compared with
glucosamine alone. Laslett et al. (31) revealed that zoledronic
acid reduced knee pain and bone marrow lesion size over
6 months. One hypothesis was that the analgesic effect of
bisphosphonate arose from the suppression of proton secretion
by osteoclasts. In situations of high bone turnover with increased
osteoclast activity, the acidification of the osteoclast environment
was increased by the greater level of secreted protons, which
would lead to the activation of acid-sensing receptors, such
as transient receptor potential vanilloid subtype 1 (TRPV1)
channels and acid-sensing ion channel 2 or 3 (ASIC2/3), which
are located on bone-innervating primary afferents, producing
nociceptive signaling (32). The effect of bisphosphonate on KOA
structural progression might occur through bone remodeling
(33). However, some studies have argued against the use of
bisphosphonate in treating KOA. Cai et al. (34) detected no
significant difference between the zoledronic acid and placebo
groups regarding changes in cartilage volume, visual analog scale,
or bone marrow lesion size. Ballal et al. (35) also reported that
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no benefit to bone marrow lesions (BML) volume was observed
over a 12-month period. It is known that enlarging BMLs can
lead to greater cartilage loss (36). Our study provided additional
evidence on this issue from the perspective of morphometry.

Subchondral bone morphometry was demonstrated to be
related to the severity and progression of KOA in humans.
Chiba et al. (16) examined 60 patients with KOA with 3-T MRI
and found that medial tibial subchondral BV/TV, Tb.N, and
Tb.Th increased as the cartilage area decreased in the medial
compartment. Lo et al. (14) demonstrated that BV/TV, Tb.N, and
Tb.Th were positively related to medial JSN scores, and Tb.Sp
was negatively related to medial JSN scores. Lo et al. (15) also
reported that higher baseline BV/TV, Tb.N, and Tb.Th and lower
baseline Tb.Sp were associated with more progression of JSN in
the medial compartment at 12 months. Therefore, BV/TV, Tb.N,
Tb.Th, and Tb.Sp are excellent indicators for both subchondral
bone remodeling and KOA progression.

Our results of no significant improvement of morphometry
in the bisphosphonate group could not conclude that
bisphosphonate was useless for KOA because the molecular
subtypes of KOA were not considered in the participants
in this research. Vaysbrot’s meta-analysis (37) proposed that
bisphosphonate might be beneficial in certain subsets of patients
who display high rates of subchondral bone turnover. Lv et al.
(38) proposed that progressive KOA could be divided into
four subtypes based on pathophysiology: cartilage degradation-
driven, bone remodeling-driven, inflammation-driven, and
pain-driven subtypes. Theoretically, bisphosphonate is most
beneficial to the bone remodeling-driven KOA subtype.
Therefore, future studies enrolling the corresponding subtype
via strict inclusion criteria considering molecular biomarkers
remain necessary. However, it might also be oversimplified to
divide KOA into a high turnover subtype and other subtypes.
Bone turnover in one person might change with the pathological
state. Furthermore, it remains unknown whether subchondral
bone changes are a trigger factor or a consequence of KOA.
Lv et al.’s classification considered increased resorption to be a
trigger factor and supported bisphosphonate therapy.. However,
when the bone turnover of patients with KOA changes from
high to low, the role of bisphosphonates might also change from
beneficial to detrimental. Decreased resorption could also be
seen as a consequence of late KOA, and from this perspective,
bisphosphonate might be harmful and cause sclerosis. Our
research partially resolved this concern since we found that, in
late-stage KOA, the use of bisphosphonates did not increase
the sclerosis of subchondral bone. In brief, our results did not
support the use of bisphosphonate in KOA therapy itself, but
we considered that the use of bisphosphonate for patients with
osteoporosis who also had KOA would not exacerbate KOA.

The significance of the present study was in two aspects.
The concern about potential sclerosis of subchondral bone
after bisphosphonate use was addressed to some extent. Since
there is no applicable method in clinical practice to predict
when and how bone remodeling is altered from increased
resorption in the early stage to decreased resorption in
the late stage, our results demonstrated that bisphosphonate
did not increase the risk of subchondral bone sclerosis in

moderate to late KOA, which might prolong the therapy
window of bisphosphonate for its analgesic effect on KOA.
The present study also revealed the difference in the effect of
bisphosphonate on the subchondral bone between late KOA
and animal KOA models, perhaps providing some insight into
the different pharmacological mechanisms of bisphosphonate
in KOA initiation and progression. The microenvironment
alteration in late KOA, such as the cross talk between synovium
inflammation and subchondral bone after fissure form in
cartilage, might play a crucial role in the effect of bisphosphonate
on subchondral bone.

There were several limitations to the present study. First,
intraarticular injection of bisphosphonate might have greater
potential than oral bisphosphonate for KOA therapy. The results
of this study could not substitute for the change after intra-
articular injection of bisphosphonate. Second, due to the limited
sample size, no more detailed classification of bisphosphonates
or analysis was conducted. Third, the pattern of decreased
resorption in late KOA might not be identical in each patient,
and different subtypes of KOA might exist. We failed to classify
the participants by osteoclast function or molecular markers due
to the absence of related data in the OAI project. Fourth, the exact
regimen of bisphosphonate for each participant was unknown,
and further RCTs are necessary.

CONCLUSIONS

The patients with KOA who used bisphosphonate did not
experience greater sclerosis of tibial subchondral bone than
patients who did not use bisphosphonate. Considering that
previous studies found that bisphosphonate in early KOA
significantly altered subchondral bone morphometry, this study
suggests that the effect of bisphosphonate on tibial subchondral
bone in the initiation and progression of KOA might be OA-
stage dependent.
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