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Abstract Transient osteoporosis of the hip (TOH), also
referred to as transient bone marrow edema syndrome, is
most common in middle-aged men and often after trivial
trauma or sport-related injuries. Diagnosis is usually made
by eliminating other possible causes of hip pain. Magnetic
resonance imaging (MRI) plays an important role in diag-
nosis and demonstrates a typical pattern of bone marrow
edema (BME) in the form of diffuse low signal on T1-
weighted images and high signal on T2 fat-suppressed or
short T1 inversion recovery images. No consensus exists
about the management of TOH, as it may progress to avas-
cular necrosis. We describe eight cases of TOH treated with

alendronate resulting in improvement of pain and function
and complete resolution of BME on MRI. The literature is
reviewed regarding TOH and the relationship with bone
marrow edema syndrome, avascular necrosis of the hip,
and regional migratory osteoporosis. To our knowledge, this
is the first report describing the improvement of this condi-
tion after of alendronate with documented radiological im-
provement on follow-up MRI.
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Introduction

Bone marrow edema syndrome (BMES) refers to transient
clinical conditions with unknown pathogenic mechanisms,
including many entities such as transient osteoporosis of the
hip (TOH), regional migratory osteoporosis (RMO), and
reflex sympathetic dystrophy (RSD). BMES is primarily
characterized by bone marrow edema (BME) pattern. The
disorder mainly affects the hip, the knee, and the ankle of
middle-aged males. Many hypotheses have been proposed
to explain the pathogenesis of the disease. Unfortunately,
the etiology of BMES remains obscure. The hallmark that
separates BMES from other conditions presented with BME
pattern is its self-limiting nature.

BME is a general term describing an area of low-signal
intensity on T1-weighted and high-signal intensity on T2-
weighted and short T1 inversion recovery (STIR) magnetic
resonance (MR) images [1]. It is important to note that BME
affecting the hip joint is neither a specific magnetic reso-
nance imaging (MRI) finding nor a specific diagnosis. BME
of the hip joint cannot only be encountered in TOH but also
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in inflammatory arthropathy, early avascular necrosis, occult
stress fractures, primary bone neoplasms, myleoproliferative
disorders, hemoglobinopathy, and infection. Differentiating
between these conditions is crucial, as there are considerable
differences in treatment and prognosis [1].

There is no specific laboratory test for TOH, but tests
may be necessary to exclude other conditions. Plain radio-
graphs may reveal regional osseous demineralization. MRI
is mainly used for the early diagnosis and for monitoring the
progression of the disease. Early differentiation from other
aggressive conditions with long-term sequelae is essential in
order to avoid unnecessary treatment [2].

Acute BME of the hip is a diagnostic challenge for both
radiologists and clinicians. Marrow edema is often seen in
patients with hip pain and restriction of motion. In patients
with acute nontraumatic hip pain, whose radiographs are
negative or inconclusive, MRI is the imaging study of
choice. MRI is the most sensitive and specific imaging
technique for detecting transient osteoporosis and osteonec-
rosis [3].

TOH was first described by Curtiss and Kincaid in 1959
[4] as a syndrome of transient demineralization of the hip in
the third trimester of pregnancy. In 1968, Lequesne [5]
first used the term in a published report. This rare cause
of acute hip pain is still a relatively seldom diagnosed
clinical entity. TOH, also referred to as transient BME
syndrome, is now known to be most common in middle-aged
men [6].

Typically, patients suffering from TOH present with an
acute onset of hip pain, antalgic gait, and severe functional
disability. In most of the cases, patients with TOH usually
present with acute onset of pain which is typically in the
front of the thigh, the side of the hip, the buttocks, or the
groin with limited range of motion. The pain is constant and
intensifies with turning movements and may lessen with
rest; the pain gradually increases over a period of weeks or
months and may be very intense and disabling. MRI has
largely supplanted bone scintigraphy as the first-line

imaging test after conventional radiographs in the setting
of TOH and avascular necrosis (AVN) of the hip [7, 8].

Description of the eight cases

All patients diagnosed as TOH after exclusion of other
causes of BME were included in this series. MRI was
performed at the start of the study and 6 months after
initiation of treatment to all patients. MR images were
interpreted for the following radiological signs: BME,
epiphyseal deformity, femoral head congruity, subchondral
changes, synovial enhancement, bone erosions, joint effu-
sion, and cartilage loss. The MR images were read blindly
and independently by an experienced radiologist and by an
experienced clinician; in case of disagreement, they dis-
cussed the case until they both agreed.

Eight patients were seen in our clinics between 2000 and
2012, with established diagnosis of TOH, sharing clinical
characteristics as described in details in Table 1. All patients
presented with hip pain and limitation of internal and exter-
nal rotation with positive Farber's test with pain and limited
range of motion elicited upon flexion, abduction, and exter-
nal rotation of the involved hip [9].

All patients filled in visual analogue scale for pain (0–
10 cm) at the start of the study and at follow-up. Functional
and clinical improvements were defined as improvement of
the initially observed limitation of internal and external
rotation of the involved hip joint and regaining of normal
range of motion.

They were treated during 6 months with weekly dose of
alendronate 70 mg/week. All patients were receiving calci-
um and vitamin D supplementation (calcium carbonate
600 mg/day and 300 IU/day of vitamin D) at the same time
and were strictly advised to avoid any weight bearing on the
involved limb. One patient (case n04) underwent core de-
compression surgery; after the surgery, he had persistent
BME as observed on MRI and continuing functional

Table 1 Demographic and clinical characteristics of eight patients at their initial evaluation

No. Age Gender VAS Synovial
enhancement

Hip ROM Unilateral vs.
bilateral

Core decompression Time from initial complaint
to MRI study (days)

1 26 M 7 Absent Limited Unilateral Negative 60

2 35 M 7 Absent Limited Unilateral Negative 10

3 32 M 9 Absent Limited Unilateral Negative 21

4 51 M 10 Absent Limited Unilateral Positive 30

5 31 M 8 Absent Limited Unilateral Negative 120

6 35 M 8 Absent Limited Unilateral Negative 20

7 41 M 9 Absent Limited Bilateral Negative 10

8 32 M 10 Absent Limited Bilateral Negative 7
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limitations and he was put on alendronate and showed
complete resolution of complaints and of BME after
6 months of treatment. All patients had unilateral hip in-
volvement except for two cases who presented with bilateral
hip affection (Fig. 1).

In all patients initial MR images showed no evidence of
effusion or synovial enhancement. No inflammation or other
abnormities of the sacroiliac joint joints were seen on MR
images.

After 6 months, MRI studies were performed in all
patients and showed complete resolution of BME pattern
compared with the initial MRI study (Figs. 1, 2, and 3).

Discussion

In this report, we describe eight cases with established
diagnosis of TOH who were treated with alendronate to-
gether with calcium and vitamin D and protective non-
weight bearing on the affected limb. The eight patients all
showed improvement on both clinical and radiological lev-
els with complete resolution of BME pattern of the affected
hips. To our knowledge, this is the first report describing the
use of alendronate in patients with TOH showing clinical
improvement as well as improvement shown on MRI.

One of the most important and landmark studies regard-
ing TOH which can explain the beneficial effects of alendr-
onate among our patients is the study conducted by
McCarthy [10] who described biopsy specimens from 19
cases with transient regional osteoporosis at different joints.

Six of these specimens were therapeutic core biopsies, and
three were femoral heads removed during total hip replace-
ment. The other patients with osteoporosis in different loca-
tions had biopsies to rule out infection or neoplasm. Five of
these patients had transient osteoporosis of the knee, three
had ankle involvement, and two had involvement of the
tibial shaft. Except for one patient who was lost to follow-
up, all had resolution of symptoms and radiographic
changes [10]. The histological changes in the biopsies were
distinctive, although they were present in varying degrees.
There was edema and reactive bone formation in the marrow
spaces. The most important finding in the study is the
presence of osteoclastic bone resorption that was active in
14 out of the 19 cases studied. All but one of the 19 biopsy
specimens showed a consistent pattern of histological
changes irrespective of the location of the disease. One
biopsy, a core specimen from the hip, showed only thin
trabecular bone. The other biopsies showed changes in the
marrow as well as changes in the bone, although the degree
of change varied from case to case. Changes in the marrow
were quite distinct. All but one case showed marrow edema.
This appeared as a pale eosinophilic material taking up
space between marrow fat cells. Occasionally, this material
was foamy. In six cases, small lipid cysts were present. Fat
necrosis of the marrow was not present in any case [10].

Another common marrow finding, present in 14 cases,
was the deposition of thin seams of woven bone in the
marrow spaces. These seams were lined by active osteo-
blasts and were not related to native trabeculae. A final
marrow change, present in six cases, was a mild fibroblast

Fig. 1 Axial (a) and coronal
(b), STIR images showing
hyperintense bilateral bone
marrow edema (white arrows)
that regressed in follow-up
study (c, d)
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proliferation. This change was focal and was occasionally
associated with small clusters of lymphocytes and plasma
cells. Changes in cancellous bone were also apparent. All
cases showed thinning of the trabeculae, a finding correlat-
ing with radiographic osteopenia. In addition, 12 of the 19
cases showed evidence of osteoclastic bone resorption.
Osteoclasts were present in resorption tunnels on the trabec-
ular surfaces while necrotic trabeculae were observed [10].

The cause of transient regional osteoporosis is still un-
certain. One theory is that edema results from microtrauma
of trabecular bone [11]. Another theory suggests that the
osteoporosis results from a vasomotor response similar to
RSD.

Transient osteoporosis of the hip and osteonecrosis

More recently, an etiologic relationship with osteonecrosis
has been proposed [10]. Two observations support this
recent theory. First, Turner et al. [12] observed in six
patients that the diffuse MRI pattern of transient osteoporo-
sis evolved into a focal pattern consistent with osteonecro-
sis. Second, several observers have noted marrow fat
necrosis in histological samples of transient osteoporosis
[13, 14]. One group observed this feature in 7 of 32 core
biopsies of transient osteoporosis [13]; they noted that this
fat necrosis correlated with the pathologic stage 1 or 2 of
osteonecrosis. These observations support early experimental

work that modest ischemia produces BME. As a result of
these observations, some investigators regard transient osteo-
porosis as a prodrome to classic osteonecrosis. The fact that
many cases of transient osteoporosis resolve spontaneously
suggests to these investigators that the ischemic injury is not
always severe enough to cause bone necrosis. This theory
provides the rationale for treating transient osteoporosis with
core biopsy; a treatment used at some institutions for stage 1
or 2 osteonecrosis [10]

One may conclude from these findings that TOH is not as
benign as previously thought and may have the potential to
progress to AVN resulting in femoral head collapse and
functional loss.

In another report, Yamamoto et al. [15] performed bone
biopsy on three patients who had been diagnosed as having
TOH. The biopsy specimens were studied histopathologi-
cally by light and electron microscopy. The authors found
that the most characteristic features of TOH were focal areas
of thin and disconnected bone trabeculae covered by osteoid
seams and active osteoblasts. The surrounding bone marrow
tissue showed edematous changes and mild fibrosis, fre-
quently associated with vascular congestion and/or intersti-
tial hemorrhage. No osteonecrotic region was observed in
either the bone trabeculae or the bone marrow tissue.

Another similar condition is regional migratory osteoporosis
(RMO) which is an uncommon disease characterized by a
migrating arthralgia involving the weight bearing joints mainly

Fig. 2 a STIR sequence
showing extensive BME
(hyperintense signal) of left
femoral head and neck. b STIR
sequence showing complete
resolution

Fig. 3 a STIR sequence
showing extensive BME
(hyperintense signal) of left
femoral head and neck. b STIR
sequence showing complete
resolution
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of the lower limbs. Men in their fifth and sixth decades of life
are most commonly affected. Themost common presentation is
with proximal to distal spread in the lower limb. There are 63
articles that document cases of regional osteoporosis or BME
with migratory symptoms. The radiology of RMO is indistin-
guishable from TOH except for the migratory symptoms and
the two conditions are likely to be part of the same spectrum of
disease [16].

AVN of the hip is a progressive clinical condition with
significant morbidity, and it is characterized by the death of
the bone, or part of it, because of insufficient circulation.
Under certain pathological conditions, the intraosseous mar-
row pressure increases and is transmitted to the venules and
capillaries within the bone, causing a diminishment of local
blood flow, with consequent ischemia. As bone repair
occurs, the mechanically weak bone collapses due to the
load of weight [17]. The occurrence of collapse or develop-
ment of collapse greater than 2 mm frequently leads to
incapacitating pain or secondary osteoarthritis, making pre-
vention of collapse a fundamental item for obtaining a
favorable outcome [18].

Use of bisphosphonates in AVN of the hip

There are few studies in humans, describing the use of
bisphosphonates for the treatment of AVN of the hip.
Cardozo et al. [19] reviewed the literature regarding the
use of bisphosphonates in the management of AVN of the
femoral head and found seven articles [17, 20–25]. In their
review, article Cardozo et al. [19] reported that all these
studies present various limitations, such as: a lack of ran-
domization, control group, and double-blind design with
small numbers of patients included, short duration of
follow-up and nonstandardization of the type of bisphosph-
onate, dose used, and time of its use. Furthermore, in the
various studies, there is no uniformization with regard to
outcome; some use prevention of collapse of the femoral
head, and others use pain intensity or articular mobility.
Bearing in mind the abovementioned limitations, one
observes that the majority of studies suggest a positive result
with the use of bisphosphonates in the treatment of AVN
[17, 20–22] and one study reports a questionable benefit
[23] and another study showed no benefit whatever [25].

Cardozo et al. [19] concluded that the current data are
still insufficient for justifying the use bisphosphonates for
this indication. On the other hand, noncontrolled studies
appear to demonstrate favorable results, particularly in
diminishing pain, improving mobility, and lowering the
incidence of articular collapse, which justifies new studies
being developed in this area.

In our opinion, the prevention of collapse as one single
important item should be seriously considered which was
reported in two of the studies previously mentioned [21, 22].

Most importantly in the study by Lai et al. [21], which is a
randomized clinical study (level II evidence) is that 2 out of
29 patients receiving alendronate developed head collapse
compared with 19 patients out of 29 in the control group not
receiving alendronate. One may conclude that treatment of
patients with early AVN before collapse of the femoral with
alendronate may offer favorable prognosis. In addition to
pain control, it may prevent femoral head collapse and thus
play an important role in the management of this serious
condition and may postpone surgical options in this clinical
setting.

Is TOH self limiting or may it progress to AVN of the hip?

There is still controversy whether TOH represents a distinct
self-limiting disease, or reflects only an early, reversible
subtype of nontraumatic AVN. The clinical presentation of
patients with TOH and AVN is similar with mechanical hip
joint pain, AVN risk factors, and a male preponderance.
Radiographic, bone scintigraphic, and MRI patterns of
TOH are more diffuse while focal in AVN. The histological
bone marrow changes are similar in both conditions but with
diffuse and sufficient repair in TOH, whereas in AVN only
insufficient focal repair at the border of the necrotic lesion
occurs [26].

Differentiation of TOH from early cases of AVN of the
hip is usually difficult. Radiographs may show diffuse
osteopenia of the femoral head and neck in TOH but a
localized area of sclerosis in AVN, whereas bone scanning
shows homogeneously increased uptake in the femoral head
and neck in cases of TOH and a localized area of decreased
uptake in AVN. While MRI shows a diffuse edema pattern
which is common to both entities, but the absence of focal
defects and subchondral changes is highly suggestive of
TOH. Early differentiation of TOH from AVN will avoid
unnecessary surgical intervention and ensure appropriate
treatment [27].

In a recent work, Holzer et al. [28] evaluated 48 patients
(54 hips) with sudden hip pain. All patients had radiographs,
technetium bone scan, and MRI; in all patients, increased
uptake on bone scan and on MRI bone edema in the femoral
head and neck were found. Five patients diagnosed with
other disease processes were excluded from the study. The
remaining (37 men and 6 nonpregnant women; 49 hips)
were diagnosed with TOH. All had repeated clinical and
MRI investigations until resolution of symptoms with a
mean follow-up of 43 months (range, 12–106 months).
The authors observed spontaneous resolution of symptoms
in all patients, and all were asymptomatic at final follow-up,
although one patient had minor restriction of flexion.
Despite the presence of crescent lines on initial MRI in 14
patients, none progressed to osteonecrosis, and crescent
lines were not apparent on follow-up MRI. The authors
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conclude that TOH is a benign disease that does not prog-
ress to osteonecrosis, and should be treated conservatively.
Crescent lines may initially appear on MRI only to resolve
spontaneously. Other diagnoses should be investigated if
pain and bone edema persist.

TOH may progress to AVN

In our opinion, TOH has tendency for progression to AVN
for many reasons: first, many patients with initial TOH
usually pass undiagnosed and receive only symptomatic
treatment and the diagnosis is usually not raised at early
stages and the patients are not instructed to avoid weight
bearing on the involved limb. When symptoms and func-
tional limitations the patients will have MRI performed in a
last stage one may find features of early AVN. Second and
most important, why do orthopedic surgeons recommend
invasive procedures like core decompression to alleviate the
increased intraosseous pressure if the condition is that be-
nign in their mind and spontaneously regress. Third, the
current available data which documented active osteoclastic
being active in bone biopsy of patients with TOH [10, 15]
and bone ischemia [13] may be a key player in progression
to AVN and in theory may lead to early bone erosions which
lead to incongruity of the femoral head with unequal weight
distribution on already ischemic femoral head; this may
result in an increased intraosseous pressure, more ischemia,
and in the progression to AVN.

It is important that BME should be considered a marker
for potential progression to advanced AVN, and careful
examinations for osteonecrosis are necessary when BME
is seen [29]. Subchondral focal lesions are likely to be
overlooked on MRI because BME develops at the area of
the surrounding living bone, and surrounding BME may
obscure the subchondral focal abnormalities on MR images.
Vande Berg et al. [30] called the findings on MR imaging of
the surrounding BME a “pseudo-homogeneous edema pat-
tern.” Osteonecrosis is likely to be diagnosed after the onset
of hip pain, and BME is often observed at the first MRI;
therefore, BME could be considered the initial MR finding
of osteonecrosis and an early ischemic change [31, 32]. At
the stage when BME is detectable on MR images, distin-
guishing osteonecrosis from transient osteoporosis is diffi-
cult but important [33–37].

Conclusions

The current available data documented the presence of os-
teoclastic activity in bone biopsy specimens of patients with
established diagnosis to transient regional osteoporosis; this
may explain the improvement of BME pattern in our
patients with established diagnosis of TOH after treatment

with a bisphosphonate (alendronate), a drug with main
action of inhibiting osteoclastic activity.

Disclosures None.
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