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Abstract
Objective
To evaluate the efficacy and safety of intravenous (iv) neridronate in patients affected by transient osteoporosis of
the hip (TOH).

Methods
We retrospectively evaluated the clinical records of patients affected by TOH treated with iv neridronate in our
department. We treated patients with a value of visual analogue scale (VAS)-pain = 80/100 mm at diagnosis, limited
range of movement and magnetic resonance images (MRI) findings suggestive of TOH. The regimen used was:
one iv infusion at day 0, 3, 6, 9 (100 mg for each infusion: total of 400 mg). This protocol was repeated in refractory
cases. Recovery was defined as VAS-pain level <20/100. Concomitant use of analgesics was allowed.
Paired Student t-test was used to assess VAS-pain change.

Results
Five patients were male, 3 were female. Mean age was 54.5+2.12 years old. Mean body mass index was 26.57+2.22.
Mean time to diagnosis, since the onset of the symptoms, was 75+21.21 days. Mean number of neridronate infusions
was 7.5+2.56. Mean time of recovery was 57+45.96 days. Mean VAS-pain at baseline was 84+2,24. Mean VAS-pain
after treatment was significantly reduced (p<0.001) with a value of 12.12+6.46. None of the patients needed analgesics
after treatment. No adverse event was reported. In 5 cases, post-treatment MRI showed complete bone marrow
oedema resolution.

Conclusion
Intravenous neridronate is effective and safe in the treatment of TOH and its use may lead to a faster resolution of
the disease.
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Introduction

Transient osteoporosis of the hip (TOH)
is a rare and usually self-limiting condi-
tion of unknown origin presenting with
pain and limited function of the hip,
characterised by bone marrow oedema
(BME) on magnetic resonance images
(MRI) (1). BME is characterised by an
alteration of bone marrow signal inten-
sity on MRI with high signal on fluid-
sensitive sequences T2/proton density
with fat suppression and short tau in-
version recovery (STIR) (2, 3) (Fig.
1). THO should be differentiated from
other BME causes such as inflammato-
ry, degenerative, neoplastic, or vascular
conditions and diagnosis relies on an-
amnestic, clinical, and imaging findings
(4, 5). Despite its self-limiting nature,
physician’s attention must focus on the
eventual evolution to avascular necro-
sis (AVN) and there is still debate as
to whether TOH should be considered
a reversible form of AVN, or a form of
non-traumatic complex regional pain
syndrome (CRPS) (6). TOH is charac-
terised at MRI by femoral head BME
often sparing its medial part and less
frequently extending to the femoral
neck, and rarely to the trochanter and
associated in half of the cases to sub-
chondral fractures (7) (Fig. 2). On the
opposite, AVN differs from TOH for
the distribution of BME with “band-
like” lesion with low signal intensity on
T1 weighted images and the high inten-
sity signal called “double-line” sign on
T2 weighted images at MRI (8). Rela-
tively to the treatment, only few case
series and not controlled case studies
are available in literature and in gener-
al, use of bisphosphonates may lead to
a faster resolution of TOH with a good
safety profile (1, 9-13). Neridronate is
an amino bisphosphonate which has
been shown to be effective and then
registered for the treatment of Paget’s
disease of bone and osteogenesis im-
perfecta and more recently for CRPS
(14). The aim of this case series is to
evaluate the efficacy and safety of in-
travenous (iv) neridronate in patients
affected by TOH.

Case series and methods
We retrospectively evaluated the clini-
cal records of patients affected by TOH

treated with iv neridronate in our de-
partment, from June 2014 to Decem-
ber 2020. All patients gave their writ-
ten informed consent for the treatment.
The diagnosis of TOH was made after
excluding infections, cancers, seron-
egative spondylarthritis or rheumatoid
arthritis and connective tissue disease
and was based on history, clinical and
MRI findings. The following informa-
tion were evaluated: sex, age, Body
Mass Index (BMI), history of trauma,
comorbidities, diagnostic delay, time
to recovery, number of neridronate in-
fusions, visual analogue scale (VAS)-
pain value, serum creatinine, calcium
and 25-OH-Vitamin-D. Hip MRI was
performed at baseline and evaluated by
an expert radiologist and then discussed
with a rheumatologist. Only in 5 cases
MRI was performed after treatment.
At diagnosis, all patients complained
of hip pain and limited range of move-
ment, with a value of VAS-pain =80/100
mm (range 0-100). Recovery was de-
fined as a VAS-pain level <20/100 af-
ter treatment. The therapeutic regimen
used was: one iv neridronate infusion
(100 mg) at day 0, 3, 6, 9 (total of 400
mg in 10 days). This therapeutic re-
gime was repeated 30 days after the
first cycle, if a VAS-pain value <20/100
was not reached, within one month.
An eventual third cycle was allowed.
All patients received oral Vitamin-D
supplementation. Concomitant use of
acetaminophen or non-steroidal anti-
inflammatory drugs (NSAIDs) together
with use of canes or wheelchair was
allowed, and prevention from weight
bearing was suggested. Concomitant
magnetotherapy and physical rehabili-
tation was allowed. A telephonic fol-
low-up was performed, after recovery,
to assess the onset of clinical symptoms
related to AVN or adverse events.

Statistical analysis

Data are reported as mean + standard
deviation (SD) and range for continu-
ous variables, whereas categorical and
dichotomous variables are reported as
frequencies and percentage. The non-
parametric Spearman rank test was ap-
plied to correlate variables. Paired Stu-
dent t-test was used to assess change of
VAS-pain. Statistical significance was
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Fig. 1. Coronal magnetic resonance image (STIR-sequence) showing transient osteoporosis of the
left hip, tipically caracterised by bone marrow oedema of femoral head and neck (marked with a star).

Fig. 2. A: Coronal image of magnetic resonance (MRI) (STIR-sequence), showing transient osteo-
porosis of the right hip, tipically caracterised by bone marrow oedema (BME) of the femoral head,
spreading to the femoral neck (marked with a star), sparing the medial parts.

B: Coronal reconstraction image of pelvis computered tomography (CT) scan of the same patient,
showing osteopenia (white arrows) in the lateral part of the right femoral head and neck, in the same

area involved by BME.

C: Axial image of pelvic CT scan of the same patient, showing an osteopenic area corrisponding to

BME (white arrow).

D: Axial MRI (STIR-sequence) showing right femoral head BME (white arrow), of the same patient.

set at a p-level of 0.05. The statistical
analyses were performed using Jamovi
® v. 1.6.16 statistical package.

Results

A total of 8 patients were treated. Five
patients were male, 3 were female. None
of the women was pregnant. Mean age
was 54.5+2.12 years old. Mean body
mass index (BMI) was 26.57+2.22.
Four patients had unremarkable medi-
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cal history, 1 patient was affected by
autoimmune thyroiditis, 1 patient was
affected by prostatic hypertrophy, and
2 patients were affected by arterial hy-
pertension. Four patients had a previous
history of minor trauma of the affected
hip, preceding the onset of TOH. One
patient underwent magnetotherapy, 1
rehabilitation. The diagnostic delay be-
fore the treatment was 75+21.21 days
(range 30-120). All patients were treat-

osis of the hip / R. D’Alessandro et al.

ed with at least 1 cycle of iv neridronate.
Mean number of neridronate infusions
was 7.5+2.56 (range 4—12). Mean time
of recovery was 57+45.96 days (range
15-150). Only in 5 cases was MRI
performed after treatment, showing a
complete resolution of BME (Fig. 3).
Mean VAS-pain before treatment was
84+2.24. Mean VAS-pain after treat-
ment decreased significantly (paired
Student t-test p<0.001) with a value
of 12.12+6.46. After treatment, use of
analgesics, NSAIDs or orthopaedic
aids were no more needed. Serum lev-
els of calcium and creatinine were in
range and levels of 25-OH-Vitamin-D
were sufficient before treatment. Only
2 patients experienced mild fever and
self-limiting diffuse arthro-myalgia. No
long-time adverse event was reported.
None of the patients experienced AVN
symptoms at the telephonic long-term
follow up. Spearman analysis showed
a direct significant correlation be-
tween disease duration and recovery
time (rtho = 0.8; p=0.017) and between
number of infusions and disease dura-
tion (rho=0.728; p=0.041) and recovery
time (tho=0.877; p=0.004). Results are
reported in Table I.

Discussion

We reported the clinical and radiologi-
cal efficacy of iv neridronate in the treat-
ment of TOH in a cohort of § patients. A
positive correlation between diagnostic
delay and recovery time was assessed.
Consequently, a greater number of
neridronate infusions are needed to fas-
ten recovery, with a good safety profile.
Neridronate led to TOH resolution in
an about 2 months’ period, with a dra-
matic decrease in VAS-pain level. Our
result differs from the only evidence in
literature of neridronate in TOH where
its intramuscular use had led to clinical
resolution in 8 months (9). In our case
series, use of iv neridronate seemed
to fasten TOH resolution compared to
other bisphosphonates or conservative
treatment (1, 9, 11, 15, 16). Although
the use of neridronate is considered
off-label in TOH, we treated our pa-
tients with the regimen proposed for
CRPS and in refractory cases, patients
were treated with two or more cycles of
neridronate (14). Efficacy and safety of
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Fig. 3. Coronal magnetic
resonance images (STIR-
sequence) showing the fa-
vourable evolution of bone
marrow oedema of the left
femoral head (marked with
a star) in a patient before
(A) and after (B) treatment
with neridronate.

Table I. Features of our patients affected by transient osteoporosis of the hip.

Total patients: 8

Mean age (years)

Sex

Mean BMI (kg/m?)

History of trauma

Diagnostic delay (days) since first symptoms
Mean number of neridronate infusions

Mean time for recovery (days)

Mean VAS-pain before treatment

Mean VAS-pain after treatment

Need of analgesics before treatment (Acetaminophen/NSAIDs)
Need of analgesic after treatment (acetaminophen/NSAIDs)

Other treatments

545+2.12

5SM/3F

26.575+2.22

4/8

75 +21.21 (range 30-120)
7.5 +2.56 (range 4-12)

57 +£45.96 (range 15-150)
84 +£2.24

12.12 + 6.46*

8/8 (100%)

None

- Magnetotherapy: 1/8

- Physical Rehabilitation: 1/8

VAS: visual analogical scale. NSAIDs: non-steroidal anti-inflammatory drugs. Continuous variables
are reported as mean + standard deviation (SD) and range (in parenthesis).
*VAS-pain after treatment, showing a significative decrease (paired Student t-test p<0.001).

bisphosphonates in BME is well estab-
lished with many reports both for CRPS
and other bone marrow lesions such as
osteoarthritis (17-21). Among BME
causes, THO has been less highlighted
than others with a raising attention since
the early 2000s when Varenna et al.
successfully treated 16 patients affect-
ed by TOH with iv pamidronate with
an imaging outcome reached in four
months (11). Later, Emad et al. report-
ed the use of oral alendronate in TOH,
with BME resolution in a range vary-
ing from 3 to 6 months (13, 22). Both
oral and iv bisphosphonates seem to be
effective in TOH with a recovery time
varying from few weeks to nine months
(1, 10, 23, 24). This wide variability in
recovery time could be explained by the
diagnostic delay. Indeed, in our cohort,
those who received an earlier diagnosis,
reached an earlier healing. Vice versa
patients whose diagnosis was delayed,
were more refractory to treatment. In 4
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cases of our cohort, TOH occurred after
a physical stress or minor trauma. One
of these patients was a surgeon, and it
is possible to hypothesise that the pro-
longed standing position he assumed
could have triggered TOH. Indeed, in a
recent report Bashaireh et al. curiously
underlined as being a physician could
be a risk factor to develop this condi-
tion, and in general physical stimulation
as well as alcohol consumption, steroid
usage, smoking, hypothyroidism, and
low vitamin D levels could be a risk
factor for TOH development (25). One
of our patients concurrently underwent
rehabilitation. Literature lacks evidence
about conservative treatment and few
papers describe TOH resolution only
by using forearm crutches (15). None of
our patients underwent hyperbaric oxy-
gen therapy which seemed to show effi-
cacy in achieving resolution of pain, re-
duction of BME on MRI in patients suf-
fering from TOH that failed to respond

to other conservative methods (16). On
the opposite, one of our patients under-
went several cycles of magnetotherapy
with no effect on disease evolution. In-
deed, magnetotherapy could be more
appropriate for patients in early stages
of AVN and electromagnetic field stim-
ulation may be able to either preserve
the hip or delay the time until surgery
(26). None of our patients progressed
to AVN, which could be a dangerous
complication of TOH (6). In 5 cases the
non-progression to AVN was demon-
strated by a post treatment MRI, while
a long-term telephonic follow-up was
performed for all patients with none
of them referring symptoms related to
AVN. Histopathology of TOH is very
similar to the early stages of AVN pre-
senting with areas of interstitial and in-
trasinusoidal fluid in the marrow cavi-
ties, fat cell destruction and fibrovas-
cular regeneration together with osteo-
blast and irregular woven bone aiming
to increase bone formation activity (27).
This active bone formation is supposed
to be the key for the reversible course
of TOH (28). Moreover, the efficacy of
bisphosphonate in TOH could be ex-
plained by the reactive bone formation
in the marrow spaces and above all by
the osteoclastic bone resorption present
in many cases, demonstrated on biopsy
specimens (29). It is possible to specu-
late that neridronate could inhibit the
osteoclastic activity halting BME evo-
lution. Among the limits of our study
there is the absence of post treatment
MRI control in 3 cases. The reason is
connected to the fast brilliant clinical
response on pain and hip function soon
after the first neridronate cycle in these
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cases. The eventual MRI re-evaluation
could have strengthened our results.
However, we believe the presence of
AVN with no clinical manifestation
would be a very unusual event and in 3
cases we felt that a control MRI could
not be mandatory. Finally, the positive
prognosis was confirmed by the ab-
sence of symptoms related to AVN in a
long-time telephonic follow-up in those
3 patients not requiring health cares
for hip problems. Another limit of our
study relies on the retrospective analy-
sis of clinical records together with the
few numbers of treated patients. Fi-
nally, it must be kept in consideration
the availability of neridronate exclu-
sively in Italy and its iv-use limited to
public hospitals. This last point should
be considered by physicians in view of
containing access to health facilities,
in this pandemic historical period (30).
From this perspective, a more conveni-
ent alternative could be represented by
intramuscular neridronate as recently
proposed at least for CRPS (31).

Conclusion

In conclusion, intravenous neridronate
is effective and safe in the treatment of
TOH and its use may lead to a faster
resolution of this disease. A greater
number of neridronate infusions is nec-
essary to treat patients with diagnostic
delay. To our knowledge this is the first
evidence of efficacy of intravenous
neridronate in TOH. However larger
prospective studies are needed to show
the possible efficacy of neridronate in
this situation.
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