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Background and purpose — Denosumab may pre-
serve periprosthetic bone mineral density (pBMD) around
uncemented total hip arthroplasty (THA) components. This
exploratory analysis of a previously published randomized
controlled trial (RCT) aimed to assess the effects of deno-
sumab on BMD 5 years after treatment cessation.

Methods — 64 non-osteoporotic patients undergoing
uncemented THA were enrolled in a randomized, double-
blind, placebo-controlled phase-2 trial and received either
2 doses of denosumab or placebo. The primary outcome
was pBMD at 12 months, measured by dual-energy X-ray
absorptiometry (DEXA). At a mean follow-up of 5.6 years
(range 4.3-7.3), 54 patients remained for clinical assess-
ment, DEXA, and plain radiography. The study was regis-
tered on ClinicalTrials.gov (NCT01630941).

Results — No differences in pBMD in the acetabular
Digas zones or femoral Gruen zones were found between
the groups at 5 years. The estimated mean difference in the
sum of all zones around the cup was 0.042 g/cm? (95% confi-
dence interval [CI] -0.31 to 0.35; P=0.8), and for the sum of
all Gruen zones —0.06 g/cm? (CI —-0.55 to 0.43; P =0.8). No
statistically significant differences were observed in patient-
reported outcome measures or the incidence of heterotopic
ossification. A gradual decline in pBMD was evident.

Conclusion — At 5 years, the adjusted between-group
difference and its 95% confidence interval showed no statis-
tically or clinically relevant effect of denosumab. Whether
longer treatment duration or a sequential post-denosumab
regimen could influence long-term periprosthetic bone pres-
ervation is unknown.

Periprosthetic bone loss is a major contributor to aseptic loos-
ening after total hip arthroplasty (THA), particularly in the
proximal femur where postoperative remodeling and stress
shielding can compromise long-term implant fixation [1]. Phar-
macological strategies to counteract early periprosthetic bone
loss—most commonly bisphosphonates—have shown only
modest and transient effects, with limited or uncertain clinical
relevance [2-6]. Importantly, several randomized trials have
demonstrated that preservation of periprosthetic bone mineral
density (pBMD) does not consistently translate into improved
fixation. Thus, preservation of proximal bone does not reduce
early migration of uncemented femoral stems [2,7,8]. One of
these trials explicitly reported that neither baseline BMD nor
changes in BMD predicted early implant stability, stating that
“initial BMD and change in BMD do not appear to be sig-
nificant determinants of implant early stability in a population
without pre-existing metabolic bone disease” [2]. Consistent
with this, randomized trials of both bisphosphonates and deno-
sumab in cementless THA have failed to demonstrate clini-
cally meaningful reductions in early femoral stem subsidence
despite attenuation of proximal bone loss[2,7,9].

Although denosumab has been shown to reduce early implant
migration in cemented total knee arthroplasty (TKA) [10], these
findings cannot be extrapolated to cementless THA, given the
fundamentally different mechanics and biology in the very dif-
ferent settings of cemented TKA and uncemented THA.

Denosumab, a monoclonal antibody targeting RANKL, is
a potent antiresorptive agent that increases BMD and reduces
fracture risk, with particularly pronounced effects on corti-
cal bone [11,12]. These pharmacological properties generated
interest in its potential to counteract periprosthetic bone loss
after THA, and short-term studies—including our previous
randomized, placebo-controlled trial—have shown that deno-
sumab effectively attenuates early pBMD loss around unce-
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mented stems [9,13,14]. However, this benefit diminishes after
treatment cessation, accompanied by an increase in bone turn-
over markers. Recent systematic reviews and meta-analyses
also support the efficacy of denosumab in increasing pBMD,
particularly in clinically relevant regions of the proximal
femur [15].

Increasing attention has been drawn to the safety profile of
antiresorptive therapy in non-osteoporotic patients with an
arthroplasty. Registry-based studies have shown an increased
risk of periprosthetic fractures in younger (< 65 years), nor-
mal-BMD THA patients treated with bisphosphonates [3],
with similar findings in TKA [4]. Because bisphosphonates
and denosumab share overlapping adverse-effect profiles—
including the potential for atypical fractures—and because
current practice recommends sequential bisphosphonate
therapy after denosumab discontinuation [16-20], these con-
siderations warrant explicit acknowledgment. Importantly,
this safety data was not available at the time of the original
RCT-study design.

In this exploratory follow-up of a cohort previously
included in an RCT, we evaluated whether the early pBMD
gains observed during 1 year of denosumab treatment in non-
osteoporotic THA patients are maintained after about 5 years.

Methods

We aimed to assess the medium-term effects of denosumab
and to investigate the impact of any rebound phenomenon after
treatment cessation in a previously published randomized con-
trolled trial. A prospective, randomized, double-blind, placebo-
controlled phase 2 trial was conducted at Uppsala University
Hospital between August 2012 and January 2015 to evaluate
the efficacy of denosumab in preventing pPBMD loss following
uncemented THA in patients with unilateral hip osteoarthritis
(OA). 64 participants were randomized to receive either 2 sub-
cutaneous doses of denosumab (60 mg, n = 32) or placebo (n
= 32), administered 1-3 days postoperatively and again at 6
months. The primary outcome was BMD in Gruen zone 7 and
the combined BMD of Gruen zones 1-7 at 12 months and has
previously been reported by Nystrom et al. [9].

We now report on an exploratory 5-year follow-up that was
not pre-specified in the original trial registration or protocol.
The mid-term outcomes therefore represent exploratory post-
hoc analyses of secondary and tertiary endpoints based on the
cohort previously investigated within the framework of our
RCT. No additional sample size calculation was performed for
the 5-year analyses, and the results should be interpreted in
this context.

The study is reported according to the CONSORT guidelines.

Participants

Inclusion criteria required radiographic evidence of unilateral
OA (Kellgren—-Lawrence grade 3 or 4). Key exclusion criteria

Figure 1. lllustration of the 5 ace-
tabular regions of interest (Digas
zones 1-5) used for periprosthetic
bone mineral density assessment
by DEXA following total hip arthro-
plasty [21].

Figure 2. DEXA-based illustration of the 7 Gruen zones used to assess
periprosthetic bone mineral density in the proximal femur following
uncemented total hip arthroplasty [22].

included contralateral OA (grade > 1 or prior THA), obesity
(body mass index [BMI] > 35 or bodyweight > 110 kg), use of
bone-modulating medications, malignancy, substance abuse,
pregnancy, or other significant comorbidities.

All participants initiated calcium (500 mg) and vitamin D5
(800 IU) supplementation 7—14 days preoperatively, contin-
ued for 12 months, in line with the recommendation for the
entire denosumab treatment period but no longer.

The treatment allocation sequence was generated using
permuted block randomization with a fixed block size of 4.
An independent trial statistician conducted the randomization
using the PROC PLAN procedure in SAS version 9.4 (SAS
Institute, Cary, NC, USA). Sequential treatment assignments
were then placed in sealed, opaque envelopes. Both partici-
pants and investigators were blinded to group allocation. The
injectables were identical in appearance.

Intervention and surgical procedure

THA was performed by 1 of 2 experienced orthopedic sur-
geons using a cementless technique. All participants received
a Continuum acetabular cup (Zimmer Biomet, Warsaw, IN,
USA) with a highly cross-linked polyethylene liner, a collum
femoris-preserving femoral Ti6Al4V stem (Link CFP, Walde-
mar LINK GmbH & Co. KG, Hamburg, Germany), and a
28-mm cobalt—chromium femoral head. The first subcutane-
ous injection (denosumab or placebo) was given postopera-
tively before discharge; the second dose was administered at 6
months. NSAIDs were not administered at all because of their
potential bone-modulating effects.

Variables and outcome measures

The outcome of this exploratory follow-up was pBMD at 60
months, assessed in the acetabular (Digas zones) (Figure 1)
[21] and femoral (Gruen zones) (Figure 2) [22] regions using
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dual-energy X-ray absorptiometry (DEXA). Other outcomes
included clinical function measured by the Harris Hip Score
(HHS) and EQ-5D VAS at all study time points. Implant sur-
vival defined as any revision of the stem or cup was recorded.

The participants underwent systematic clinical assessment
at 60 months postoperatively. Those reporting back pain were
referred for thoracic and lumbar spine radiographs to detect
vertebral fractures or degenerative changes.

Heterotopic ossification was evaluated using conventional
anteroposterior hip radiographs and graded according to
Brooker et al. by a single author (CS) [23].

Sample size and power considerations

No formal power calculation was performed for this explor-
atory analysis of a previous RCT; the sample size was based
on the original phase 2 trial design [9].

Statistics

All outcomes were summarized using descriptive statistics,
presented as means with standard deviations (SD) or medians
with ranges, depending on data distribution.

Between-group comparisons at 60 months were performed
using analysis of covariance (ANCOVA). For each continu-
ous outcome, we fitted a linear regression model with the
60-month value as the dependent variable, randomized treat-
ment group as the independent variable of interest, and the
corresponding baseline value as a covariate. This approach
provides adjusted mean between-group differences and asso-
ciated 95% confidence intervals (CI) and 2-sided P values.

Implant revision and heterotopic ossification were analyzed
as binary variables and summarized using counts and percent-
ages; between-group differences were assessed using chi-
square tests or Fisher’s exact tests when expected cell counts
were < 5.

Missing data at 60 months was handled using complete
case analysis. Given the randomized design, the low number
of events, and the observed dropout pattern, the assumption
of missing at random (MAR) was considered reasonable. No
imputation was performed.

The 5-years analyses were exploratory and not part of the
original power calculation; therefore, no adjustment for mul-
tiplicity was applied, and P values should be interpreted with
caution and in the context of clinical relevance.

All statistical analyses were performed in R version 4.2.2 (R
Foundation for Statistical Computing, Vienna, Austria).

Ethics, registration, data sharing plan, funding, and
disclosures

Ethical approval was granted by the Regional Ethics Com-
mittee in Uppsala, Sweden (Dnr 2011/297/1-4), with a sub-
sequent amendment approved by the Swedish Ethical Review
Authority (Dnr 2023-04551-02). All participants provided
written informed consent after receiving both oral and written
information about the study.

Assessed for eligibility
Age 35-65 years, Uppsala County, hip pain
n =461

Ineligible
n =393

Eligible for inclusion
n =68
I
Inclusion
Visit 1
n =68

Missed exclusion criteria
n=3
Perioperative cardiac arrest

n=1
Randomized
n=64

Randomized to placebo

Randomized to denosumab
Visit 2 Visit 2
n=232 n =32
T T
Available at 3 months Available at 3 months
Visit 3 Visit 3
n=232 n =32

Excluded
l— because of malignancy
n=1

Available at 6 months
Visit 4 Visit 4
n=232 n=231

| |

Available at 12 months Available at 12 months
Visit 5 Visit 5
n =232 n=31
| |
Available at 24 months Available at 24 months
Visit 6 Visit 6
n =32 n=31
T T
Available at 60 months Available at 60 months
Visit 7 Visit 7
n=27 n=27

Available at 6 months

Figure 3. Flowchart for the study.

The trial was registered at ClinicalTrials.gov (identifier:
NCTO01630941), and a prespecified protocol was in place
prior to participant enrolment. Patients were not involved in
the design, conduct, or reporting of this research.

No formal data sharing plan has been established. However,
the authors are open to reasonable data access requests for
academic purposes, subject to approval by the Ethical Review
Authority and applicable data protection regulations.

The study was funded by Uppsala University, the Regional
Research Council of Uppsala-Orebro, Stiftung Endoprothe-
tik (grant no. S 03/10), and Skobranschens Utvecklingsfond.
The funders had no role in study design, data collection, data
analysis, data interpretation, or writing of the article. The cor-
responding author had full access to all data and held the final
responsibility for the decision to submit the manuscript.

During the preparation of this work the author used Chat-
GPT to improve readability and language. After using this tool/
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Table 1. Baseline characteristics. Z-score (age- and sex-matched
and weight-adjusted comparison with a white Caucasian US refer-
ence population), published to demonstrate that there were no sig-
nificant baseline differences between the groups. Values are mean
(standard deviation) unless otherwise specified

Denosumab Placebo

Characteristic (n=32) (n=32)
Age 58 (5) 59 (5)
Male, n (%) 12 (38) 13 (41)
Body mass index 27 (4) 27 (3)
Harris Hip Score, median (range) 58 (28-81 51 (33-77)
Z-score, total hip (unaffected) 2 0.58 (1.13) 0.65 (0.67)
Z-score, total hip (affected) 2 0.33 (1.20) 0.33 (0.91)
Z-score, L1-142 0.91 (1.18) 0.83 (0.91)
T-score, total hip (unaffected) -0.12 (1.15)  -0.02 (0.71)
T-score, total hip (affected) -0.38 (1.24) -0.39 (0.92)
T-score, L1-L4 0.14 (1.22) 0.03 (1.11)
Proportion with osteopenia, n (%) °

Total hip (unaffected) 4 (13) 3(9)

Total hip (affected) 12 (38) 8 (25)

L1-L4 5 (16) 6 (19)

2 Age- and sex-matched and weight-adjusted comparison with a
white US reference population.
b \WHO definition T-score <—1.0 and > —2.5.

service, the authors reviewed and edited the content as needed
and take full responsibility for the content of the publication.

Potential conflicts of interest are disclosed in a separate doc-
ument as required during submission. Complete disclosure of
interest forms according to ICMIJE are available on the article
page, doi: 10.2340/17453674.2026.45695

Results
Participant flow and follow-up

461 patients aged 35-65 years were screened. 54 participants
(84%) were available for clinical and imaging assessment on
average 5.6 years (range 4.3—7.3) after the index procedure
(Figure 3).

Baseline characteristics of all participants included in the orig-
inal RCT were similar between the 2 treatment groups (Table 1).
No participant fulfilled the World Health Organization (WHO)
criteria for osteoporosis, defined as a T-score < -2.5.

Periprosthetic bone mineral density

No statistically significant differences in pBMD were observed
between treatment groups at the 60-month follow-up, either in
the acetabular (Digas) or femoral (Gruen) regions (Table 2).
The estimated difference in the sum of all Digas zones was
0.042 g/cm? (CI -0.31 to 0.35; P = 0.8, Figure 4), and in the
sum of all Gruen zones —0.06 g/cm? (CI -0.55t00.43; P=0.8,
Figure 5).

Clinical outcome
Harris Hip Score and EQ-5D VAS were similar between

Table 2. Mean pBMD (g/cm?) and (standard deviation) for each
acetabular Digas zone and femoral Gruen zone immediately after
surgery (0) and at 12, 24 and 60 months, at medium-term follow-up

Months after

Outcome surgery Denosumab Placebo P value @
Digas 1 0 1.93 (0.39) 1.99 (0.36)

12 2.12 (0.42) 1.89 (0.39)

24 1.91 (0.40) 1.85 (0.38)

60 1.73 (0.45) 1.84 (0.37) >0.9
Digas 2 0 1.48 (0.36) 1.52 (0.33)

12 1.64 (0.36) 1.41 (0.27)

24 1.50 (0.33) 1.39 (0.23)

60 1.34 (0.38) 1.33 (0.25) 0.5
Digas 3 0 1.47 (0.34) 1.39 (0.35)

12 1.59 (0.37) 1.38 (0.39)

24 1.48 (0.36) 1.42 (0.37)

60 1.38 (0.37) 1.31 (0.40) >0.9
Digas 4 0 0.86 (0.51) 0.80 (0.44)

12 0.99 (0.54) 0.82 (0.41)

24 0.97 (0.54) 0.85 (0.42)

60 0.88 (0.51) 0.79 (0.39) 0.6
Digas 5 0 0.99 (0.27) 0.92 (0.28)

12 1.07 (0.29) 1.00 (0.25)

24 1.07 (0.30) 1.04 (0.22)

60 1.10 (0.27) 1.09 (0.28) 0.5
Digas sum 0 6.73 (1.23) 6.66 (1.19)

12 7.41 (1.34) 6.55 (1.19)

24 6.93 (1.42) 6.61 (1.14)

60 6.43 (1.55) 6.40 (1.22) 0.8
Gruen 1 0 0.88 (0.16) 0.89 (0.16)

12 0.97 (0.21) 0.87 (0.22)

24 0.86 (0.23) 0.88 (0.22)

60 0.82 (0.23) 0.89 (0.23) 0.3
Gruen 2 0 1.56 (0.22) 1.52 (0.20)

12 1.63 (0.26) 1.41 (0.24)

24 1.47 (0.28) 1.38 (0.23)

60 1.30 (0.31) 1.30 (0.22) 0.4
Gruen 3 0 2.23 (0.29) 2.25 (0.27)

12 2.29 (0.30) 2.17 (0.25)

24 2.27 (0.29) 2.19 (0.25)

60 2.26 (0.31) 2.21 (0.27) 0.2
Gruen 4 0 2.14 (0.30) 2.11 (0.28)

12 2.15(0.32) 2.03 (0.29)

24 2.08 (0.33) 2.02 (0.29)

60 2.01 (0.37) 2.03 (0.31) 0.4
Gruen 5 0 2.20 (0.29) 2.22 (0.28)

12 2.21 (0.30) 2.11 (0.26)

24 2.16 (0.30) 2.15 (0.26)

60 2.14 (0.28) 2.17 (0.27) 0.8
Gruen 6 0 1.48 (0.21) 1.56 (0.24)

12 1.56 (0.26) 1.46 (0.27)

24 1.44 (0.30) 1.43 (0.24)

60 1.33 (0.30) 1.42 (0.27) 0.4
Gruen 7 0 1.52 (0.18) 1.57 (0.23)

12 1.54 (0.23) 1.21 (0.25)

24 1.30 (0.28) 1.21 (0.31)

60 1.11 (0.32) 1.12 (0.30) 0.6
Gruen sum 0 12.02 (1.37)  12.11 (1.40)

12 12.35 (1.55)  11.26 (1.46)

24 11.58 (1.72)  11.27 (1.49)

60 10.96 (1.84) 11.13 (1.61) 0.8
Total hip BMD 0 1.03 (0.16) 1.04 (0.11)
(unaffected) 12 1.04 (0.16) 1.04 (0.11)

24 1.03 (0.16) 1.04 (0.11)

60 1.04 (0.18) 1.03 (0.12) 0.3
L1-L4 BMD 0 1.23 (0.16) 1.21 (0.15)

12 1.27 (0.17) 1.21 (0.15)

24 1.23 (0.16) 1.22 (0.15)

60 1.27 (0.18) 1.24 (0.15) 0.7

Results from 0, 12, and 24 months have been published previously
for Digas and Gruen zones but not for unaffected hip or L1-L4 [9,13].
2P value for treatment at 60 months from ANCOVA model adjusted
for baseline values.
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Sum of BMD in Digas zones
8

Sum of BMD in Gruen zones
15

My

Denosumab
Placebo

Table 3. Harris Hip Score (HHS) and patient-reported pain accord-
ing to Visual Analogue Scale (VAS). Values are mean (standard
deviation)

1 I
L B |

Denosumab
Placebo

BL3 6 12 24 ' ‘ 60
Months after index operation
Figure 4. Sum of mean pBMD
with 95% confidence interval for
all Digas zones around the cup
in the acetabulum. No difference
was found 5 years after the index
procedure. BL = 1-3 days after
surgery.

OBlse 12 =@ —

Months after index operation
Figure 5. Sum of mean pBMD
with 95% confidence interval for
all Gruen zones around the stem
in the femur. No difference was
found 5 years after the index
procedure. BL = 1-3 days after
surgery.

groups at all time points, and no statistically significant differ-
ences were detected (Table 3).

Back pain and vertebral compression

5 participants reported back pain at the follow-up visit after 60
months, 3 in the placebo group and 2 in the denosumab group.
Plain radiographs of the thoraco-lumbar spine were performed
in all these patients, and none showed signs of vertebral com-
pression or deformity.

Implant survival and heterotopic ossification

2 early stem revisions due to aseptic loosening were
recorded—1 in each group—within the first 2 years after sur-
gery. 1 case of cup revision in the treatment group due to hip
joint instability was performed after 3 years.

Radiographic assessment showed no signs of loosening
around the implants.

Of all investigated participants, 65% had heterotopic ossifi-
cation with Brooker classification 1 or more at the 60-month
follow-up (Table 4). There was no statistically significant dif-
ference in the proportion of participants who developed het-
erotopic ossification between groups.

Discussion

This is among the largest cohorts to longitudinally evaluate
denosumab in a non-osteoporotic THA population under con-
trolled conditions.

We aimed to assess the medium-term effects of deno-
sumab on pBMD. Approximately 5 years following unce-
mented THA, early treatment with 2 doses of denosumab did
not result in statistically significant differences in pBMD or
clinical outcomes compared with placebo. Although previous
analyses showed pBMD preservation at 12 and 24 months,
this benefit was not sustained after 5 years. Denosumab effec-

Months after

Outcome  surgery Denosumab Placebo P value
HHS 0 55 (12) 51(11)

12 91 (9.2) 94 (10)

24 95 (6.9) 96 (7.7)

60 96 (7.5) 95 (7.7) 0.7
VAS 0 50 (22) 51 (23)

12 84 (10) 87 (14)

24 88 (11) 90 (13)

60 87 (8.7) 82 (17) 0.3

Results from 0, 12, and 24 months have been published previously [9,13].

Table 4. Implant revision and heterotopic ossification rates at
medium-term follow-up. Values are count (%)

Total Denosumab Placebo

Factor n =54 n=27 n=27 P value
Heterotopic ossification

0 19 10 9 0.6

1 23 12 11

2 11 4 7

4 1 1 0
>1 35 (65) 17 (63) 18 (67)
Revision 3 (5.6) 2(7.4) 137 05

tively prevented early periprosthetic bone loss during the first
year after THA. Following treatment cessation, pBMD gradu-
ally declined and approached the levels of the control group
between 2 and 5 years, without evidence of accelerated bone
loss or related adverse clinical events. No vertebral fractures
or serious adverse skeletal events were observed during the
medium-term follow-up in this non-osteoporotic cohort. No
difference was seen in the BMD level of the unaffected hip or
vertebrae L1-1.4.

Interpretation and comparison with previous studies

Our findings are consistent with previous randomized trials
demonstrating that denosumab effectively attenuates early
periprosthetic bone loss after uncemented THA [7,9]. Impor-
tantly, the observed long-term decline in pPBMD after treat-
ment cessation is not identical to the phenomenon termed
“rebound,” a process during which BMD declines to below
pre-treatment levels after cessation of denosumab. This phe-
nomenon has been linked to increased fracture risk, especially
in individuals with underlying skeletal fragility [16]. While
this complication is now well recognized, it was not widely
acknowledged when this study was initiated.

The European Calcified Tissue Society (ECTS) has issued a
position statement recommending subsequent bisphosphonate
therapy to mitigate the rebound risk following denosumab dis-
continuation [17]. This strategy has shown success in postmeno-
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pausal osteoporosis, yet its efficacy in arthroplasty patients
is unknown. Recent work by Martin-Pérez et al. and others
underscores the increased fracture risk and suggests the need
for carefully planned sequential antiresorptive therapy when
discontinuing denosumab [18,19]. Interestingly, the underlying
mechanism may involve reactivation of osteoclast precursors,
including osteomorphs, as proposed by Kim et al. [20].

The absence of clinically relevant rebound effects in
the present cohort should be interpreted in light of the spe-
cific biological and clinical context. Clinically significant
rebound after denosumab discontinuation has predominantly
been described in skeletally fragile populations exposed to
prolonged RANKL inhibition, where rapid post-cessation
increases in bone turnover coincide with pre-existing micro-
architectural vulnerability and translate into an excess risk
of vertebral fractures. In contrast, the patients in this study
were non-osteoporotic, received only short-term denosumab
exposure, and were followed in a predominantly local, peri-
prosthetic bone compartment. Under these conditions, treat-
ment cessation was associated with a gradual convergence of
pBMD toward control levels rather than an overshoot below
baseline, and without accompanying vertebral fractures or
other adverse skeletal events. These findings suggest that con-
cerns related to denosumab rebound, while highly relevant in
osteoporosis management, may not directly apply to short-
course perioperative use in low-risk arthroplasty patients and
should not be extrapolated uncritically across fundamentally
different clinical settings [24].

Although none of the participants in our study had osteopo-
rosis by WHO definition (T-score < —2.5), a rebound phenom-
enon was a potential outcome in our cohort. However, this
was not observed; we rather found a gradual decline in pPBMD
in the treatment group. All participants were systematically
evaluated for back pain and underwent spinal radiographs
when indicated. No vertebral fractures were found, supporting
the relative safety of short-course denosumab in this patient
group, although our study was not powered to detect rare
events, and lumbar radiographs were obtained only in symp-
tomatic participants during our medium-term follow-up.

No statistically significant differences between the deno-
sumab and placebo groups were observed at 5 years for either
lumbar spine or contralateral hip BMD. These findings sug-
gest that denosumab discontinuation was not associated with
an excess long-term decline in BMD at skeletal sites not
exposed to surgery in this study population.

Regarding surgical outcomes, these are consistent with
national registry data on the cumulative revision rate of the
implants used [25]. While denosumab has been hypothesized
to reduce early loosening by preserving proximal bone stock,
our data does not support this effect in non-osteoporotic
patients. Notably, a large registry study in Denmark found
that long-term bisphosphonate use in osteoporotic patients
reduced revision risk, whereas short-term use increased infec-
tion-related revisions [26]. Similar registry-based studies for

denosumab are lacking, likely due to lower usage rates and
the need for multinational collaboration to detect rare adverse
events.

Heterotopic ossification

Heterotopic ossification was detected in approximately 60% of
participants at the 5-year follow-up, with no significant differ-
ence between groups. This rate falls within the upper range of
previous reports, which vary widely from 10% to 60% [27,28].
The direct lateral approach used in this trial has been associ-
ated with a lower heterotopic ossification prevalence (~24%)
in prior literature [27], making the relatively high frequency
in our cohort unexpected. We abstained from routine NSAID
prophylaxis in our trial participants, for obvious reasons, and
because NSAIDs are known to prevent the formation of het-
erotopic ossification this may present a possible explanation
for the observed phenomenon [29,30].

Strengths

The cohort was previously included in a prospective, random-
ized, double-blind trial with placebo control and independent
funding. The blinding of both participants and investigators
minimized potential performance and detection bias. The
consistency in surgical technique, implant selection, and
follow-up protocol provided a controlled environment for
evaluating treatment effects. DEXA was used to rigorously
quantify pBMD in all participants. Furthermore, the statisti-
cal approach incorporated linear mixed models to account for
baseline imbalances and repeated measures over time, while
adjusting for individual variability, including sex.

Limitations

The restrictive inclusion criteria—BMI < 35, age < 65, and
unilateral OA —limit generalizability. These criteria reflect
the prevailing clinical norms for uncemented THA in Sweden
at the time, yet they may exclude patients at highest risk for
pBMD loss and prosthesis failure. Consequently, the low
baseline risk in our cohort may have attenuated the potential
benefit of antiresorptive treatment.

Nevertheless, a study by Aro et al. [7] reported similar
effects of denosumab on pBMD, despite notable differences
in study design. Their cohort consisted exclusively of older
female patients—on average more than a decade older than
ours, a different cementless implant system was utilized, and
denosumab had already been administered 1 month prior to
surgery. Despite these differences, that study found that deno-
sumab increased pPBMD in the clinically relevant regions of
the proximal femur, which lends support to the broader appli-
cability of our results across different patient populations and
clinical settings.

The use of pBMD as a surrogate outcome, rather than
a direct clinical endpoint such as revision for loosening,
introduces further uncertainty regarding clinical relevance.
Although changes in pBMD are associated with prosthesis
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stability, the magnitude of risk reduction for revision remains
undefined. Tertiary outcomes—such as heterotopic ossifica-
tion and implant revision—were not part of the power calcu-
lation and may be underpowered to detect significant group
differences, raising the possibility of type II error. Moreover,
the study lacked radiostereometric analysis (RSA), a method
that could have provided early insights into micromotion and
implant stability. Systematic vertebral fracture assessment
was not included in the protocol, and thoraco-lumbar radio-
graphs were performed only in participants reporting back
pain; thus, asymptomatic vertebral fractures may have gone
undetected. Another potential limitation is that the study did
not include a predefined post-treatment strategy. The gradual
decline in pBMD after the first year likely reflects normal
stress-shielding rather than a drug-related effect, and whether
sequential antiresorptive therapy could modify this pattern
remains unknown.

In accordance with our ethical approval, medical charts or
registry data of participants who did not attend the 5-year visit
could not be assessed; therefore, no analysis of the clinical
outcome of participants lost to follow-up was feasible. The
baseline characteristics of the patients lost to follow-up are
presented in Table 5 (see Appendix).

Conclusion

We showed that denosumab is not associated with preserved
pBMD among non-osteoporotic patients after 5 years. While
the positive effects of denosumab on pPBMD described in the
analysis of this trial’s primary outcome after 2 years were
promising, we lack evidence that they are maintained over
time. This questions the clinical efficacy of short-term deno-
sumab application in the setting of THA surgery.

In perspective, future studies should identify patients most
likely to benefit from antiresorptive therapy and further evalu-
ate long-term efficacy and safety in arthroplasty populations.
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Table 5. Baseline characteristic for the 10 participants who did not
attend visit 7. Values are mean (SD) unless otherwise is specified

Characteristic

Age
Male, n
Body mass index

Harris Hip Score, median (range)

Z-score, total hip (unaffected)
Z-score, total hip (affected)
Z-score, L1-L4

T-score, total hip (unaffected)
T-score, total hip (affected)
T-score, L1-L4

Denosumab Placebo

(n=5) (n=5)

56 (8) 60 (3)

2
26 8 3.2) 26.4 (3.6)
8—65) 52 (33-63)

—0.36 (0.53) 0.12 (0.58)
—0.20 (0.73 —0.34 (0.98)

-0.94
—-0.48 (0.73

(
57 (2
(
(0.73)

0.04 (0.68)

-0.94 (0.68)  —0.64 (0.40)
(0.96)
(0.73)

0.36 (1.00)

-1.12 (0.80)
-0.52 (1.24)




