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Transient osteoporosis (TO) is a self-limiting bone disorder with a benign clinical course and
unknown etiology, typically manifesting in the third trimester of pregnancy. There are only
a few documented cases of TO in pregnant women involving the knee joint. We report a 38-
year-old female patient in the third trimester of pregnancy who presented with an 8-week
history of progressive worsening of the right knee pain. Clinical and magnetic resonance
imaging findings were suggestive of TO with complete resolution of symptoms and imaging

Keywords: findings within several months following the onset of the symptoms. Clinicians need to
Transient osteoporosis include TO in their differential diagnosis when treating pregnant women with knee pain.
Knee © 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
Pregnancy This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
N TO, knee involvement is usually in combination with the hip,
Introduction

Transient osteoporosis (TO) is a rare, self-limiting bone dis-
order of unknown etiology that typically occurs in the third
trimester of pregnancy and young or middle-aged men [1-5].
Patients usually present with joint pain and reduced range
of motion (ROM) without a previous history of bone trauma
[3,5,6]. The hip joint is typically affected in pregnant women,
more commonly the left one [3,7]. TO may also seldom affect
knee, ankle, and foot joints [1,6]. In pregnant patients with

and there are only a few reports of isolated knee cases [3-6,8].
Herein, we report a case of a pregnant woman with isolated
right knee TO with a literature review of all reported cases.

Case report

A 38-year-old female patient in the 38th week of pregnancy
(gravida 3, para 2) presented with an 8-week history of right
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Fig. 1 - Plain radiographs of the knee with patchy bone demineralization of the lateral femoral condyle and tibia.

knee pain, predominantly on the lateral side. During the
present pregnancy, the patient was SARS-CoV-2 positive and
experienced mild symptoms. Otherwise, the pregnancy was
uneventful. Previous pregnancies were also unremarkable and
were full-term. The patient reported no previous history of
trauma, joint disorders, or corticosteroid use. Her family his-
tory of rheumatologic disease spectrum was unremarkable.
During the 8-week interval, the patient’s symptoms gradu-
ally worsened until she was unable to bear her weight on her
right leg and was compelled to use a walking aid. At the ad-
mission, clinical examination demonstrated palpatory tender-
ness and swelling over the lateral femoral condyle and tibia.
A limited ROM was also noticed due to pain. Tests for ante-
rior cruciate ligament (ACL) or meniscal rupture were nega-
tive. Laboratory parameters were within normal range apart
from the D-dimer levels (1,29; reference level <0,50 mg/L). She
was admitted to the hospital and low molecular weight hep-
arin (LMWH) was administered. During hospitalization, the
patient was twice referred to a venous Doppler ultrasound
evaluation; however, there were no signs of deep vein throm-
bosis and LMWH was discontinued after the second examina-
tion. A knee ultrasound demonstrated minor intraarticular ef-
fusion. Following the spontaneous and uneventful childbirth,
the patient was referred to a knee X-ray that displayed patchy
bone demineralization of the lateral femoral condyle and tibia,
without any signs of fracture, joint space reduction, or ero-
sions (Fig. 1). On the eighth day postpartum, the patient was
referred to a right knee MRI that showed a diffuse decrease
in signal intensity of the lateral femoral condyle on the T1-
weighted (T1W) images and a diffuse increase in signal inten-
sity of the same area on the proton density (PD) weighted im-
ages with fat saturation (Fig. 2). The findings were interpreted
as bone marrow edema. Other findings included minor bone
edema of the lateral tibia condyle and suprapatellar knee ef-
fusion. There were no signs of meniscal, cartilage, or ligamen-
tous damage. The diagnosis of TO was suspected. The treat-
ment was conservative and consisted of analgesics, limited
weight bearing using crutches, and avoiding activities that in-
crease pain. In the following months, the patient reported that

the pain gradually resolved, and 3 months after labor it com-
pletely resolved. The follow-up MRI was planned 3-6 months
after the initial examination; however, the patient did not fol-
low the recommendation. The patient appeared on a follow-
up MRI 12 months after the initial examination, demonstrat-
ing complete resolution of the earlier findings (Fig. 3).

Discussion

TO is a self-limiting bone disorder of unknown etiology
and a benign clinical course, typically occurring in the third
trimester of pregnancy [6,7]. The most affected joint is the hip,
followed by the rare involvement of the knee, ankle, and foot
[1,2,4-7]. Hip involvement was reported in 76% of cases [1,4,5],
more commonly in the left one, while bilateral involvement
occurs in 25-30% of individuals [2,7]. Simultaneous TO of both
hips has been reported almost solely in pregnant patients [6].
The symptoms of TO were first documented by Babinsky and
Fromen in 1916, whereas in 1959 Curtiss and Kincaid reported
the first cases of TO in women in the third trimester of preg-
nancy [1,5-7,9]. In 1968 Lequesue was the first to introduce
the term “transient osteoporosis” [1,6]. Various other terms are
used to describe this clinical entity: transient demineraliza-
tion, transient bone marrow edema, transient regional osteo-
porosis, reflex sympathetic dystrophy, etc. [5,6].

A literature review was conducted in PubMed and Scopus
with no restrictions regarding the language or the year of pub-
lication. The selected keywords were: “Transient osteoporo-
sis” AND “Knee” AND “Pregnancy”. Out of 27 research papers
found, 11 case reports included TO of the knee - 7 pregnant
patients presented with isolated knee involvement and 4 with
knee involvement due to migratory disease [1,2,7,9]. The mi-
gration of the disease is usually from proximal to distal joints,
occurring in between 5 and 41% of cases [1,6]. Out of 7 iso-
lated knee cases, 5 pregnant women presented with TO of
both knees and 2 with right knee symptoms. The list of re-
ported patients with TO confined to the knee is displayed in
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Fig. 2 - Initial MRI images (A) axial plane, PD fat-saturated sequences; (B) coronal plane, PD fat-saturated sequences; (C)

coronal plane, TIW image.

Fig. 3 - Follow-up MRI images (A) axial plane, PD fat-saturated sequences; (B) coronal plane, PD fat-saturated sequences; (C)

coronal plane, TIW image.

Table 1. According to the analyzed literature, the median ma-
ternal age was 36 years (interquartile range (IQR), 36-39) with
71% of cases occurring during the first pregnancy. Three preg-
nancies were the result of in-vitro fertilization (IVF), and all
pregnancies were uneventful. In all women onset of symp-
toms started in the third trimester of pregnancy and the diag-
nosis was confirmed using MRI. The most common symptoms
were progressively worsening joint pain, tenderness, and lim-
ited ROM, with or without intraarticular effusion. Treatment
was conservative (analgesics, calcitonin, calcium and vitamin
D supplements, limited weight bearing, rest). The complete
resolution of symptoms occurred after a median of 12 weeks
(IQR 10-25) or 3 months. A supracondylar femoral fracture
complicated one case. The data about delivery was available
in 5 cases, and 4 newborns were term.

According to several authors, the usual median duration
of symptoms is between 3 to 8 months; however, it may last
longer up to 1 year [3,7]. Due to decreased mineralization
during TO, bone is more susceptible to microfractures which
are considered to be the main cause of pain during weight
bearing [7]. There are several factors or theories proposed

as possible explanations for the higher prevalence of TO in
pregnant women: genetic predisposition; vitamin C and D
deficiency; increased body weight; venous congestion with
localized hyperemia, bone medullary hypertension, and
microvascular ischemia; subperiosteal and subchondral fat
embolism; fetal obturator nerve compression with selective
denervation; physiological increase in adrenal cortex activity,
and the cytomegalovirus (CMV) infection [1-3,5-7,9].

Bone demineralization in women is usually associated
with estrogen deficiency, however, it remains unclear why TO
changes occur despite surplus levels of estrogen during gesta-
tion [7,9]. An average loss of 30 g of calcium was noted during
the pregnancy due to the mineralization of the fetal skeleton,
with 80% of the amount lost during the third trimester [1,6,10].
However, the negative calcium balance during gestation and
puerperium has yet to be determined as a potential cause
since it cannot be associated with selective demineralization
[9]. Some authors are against breastfeeding in women with
TO due to the observation of a rapid increase in bone min-
eral density after cessation of lactation [7]. An increase in body
weight during pregnancy leads to bone and joint overload. In
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Table 1 - The list of reported cases of knee TO during pregnancy.

N  Country/ Age Gravidity/ Pregnancy Onset of symptoms Uni-/ Treatment Compli- Resolution Ref.
year parity course (week/ trimester of bilateral cations (weeks)
pregnancy)
1 New Zeland, 36 1/0 IVF, uneventful 30, third bilateral conservative none 12 [4]
2001
Greece, 2009 42 1/0 IVF, uneventful 27, third bilateral conservative none 40 [6]
3 Spain, 2009 32 1/0 uneventful NM, third right conservative supracon- 14 [8]
dylar femoral
fracture
4 UK, 2010 36 1/0 uneventful NM, third right conservative none 12 [3]
5 Switzerland, 39 3/1 uneventful 39, third bilateral conservative none 8 [5]
2012
6 Spain, 2024 38 2/0 IVF, uneventful 31, third bilateral conservative none 36 [14]
7 Spain, 2024 35 1/0 uneventful 26, third bilateral conservative none 4 [14]
8 Croatia, 2024 38 3/2 COVID-19, 38, third right conservative none 12 This
uneventful case

*NM = not mentioned, IVF = in-vitro fertilization

some cases, physiological bone resorption, weight overload,
and hormonal status may be the cause of bone microfrac-
tures and initiate TO [6]. One of the earlier-mentioned the-
ories for TO is venous congestion followed by localized hy-
peremia, bone medullary hypertension, and microvascular is-
chemia. Biopsies of the affected bones have displayed an in-
creased number of red blood cells which is also a physiologi-
cal occurrence in pregnancy [3]. Another proposed theory was
fetal pelvic nerve compression leading to selective denerva-
tion and selective bone demineralization. In animal studies,
complete nerve transections failed to support this thesis [3].
However, compression of vascular structures in proximity to
the pelvic nerve plexuses may lead to neural ischemia and
bone demineralization [3]. Adrenal cortex activity physiologi-
cally increases during gestation with amplified bone reabsorp-
tion which may produce areas of bone demineralization [3].
CMV infection in pregnancy was also suggested as an asso-
ciative factor with TO because bone marrow is a known reser-
voir for the virus [2]. Furthermore, there is also a reported
case of knee TO following trauma, however in a middle-aged
man [11].

The mainstay for the diagnosis of TO is MRI [4]. Character-
istic findings are decreased signal intensity on T1W images
and increased signal intensity on T2-weighted (T2W) images
that represent bone marrow edema [3,5,6,8]. In our case, PD
sequences with fat saturation were used. MRI may detect the
pathological bone signal 48 hours following the onset of symp-
toms [1,8]. Initial plain radiographs in patients with TO often
display normal mineralization with focal or diffuse osteopenia
becoming apparent after 3 to 8 weeks [4-7,9]. The intraarticu-
lar spaces are preserved without erosions, subchondral col-
lapse, or cavitations [4,7]. Other imaging methods that can be
used for the assessment of TO are skeletal scintigraphy with
increased uptake of the radioisotope around the affected joint
(usually positive within the first few days after the onset of
symptoms) [5-7] or in our case ultrasound. One American case
study used postpartum bone densitometry to determine min-
eralization of the affected hip by TO. It revealed a 20% decrease

in femoral neck density compared to the match-aged controls
3 to 5 months following the onset of symptoms [12]. Biochemi-
cal laboratory values are usually within the normal range, sel-
dom non-specific with mild elevation of erythrocyte sedimen-
tation rate or C-reactive protein level and globulin levels [4,5].

The differential diagnosis of TO is mainly based on the ex-
clusion. It includes avascular necrosis (AVN), regional migra-
tory osteoporosis (RMO), infections, inflammatory joint disor-
ders, primary or metastatic malignancy, stress fractures, mul-
tiple myeloma, pigmented villonodular synovitis, and synovial
osteochondromatosis [1-3,6,7,9]. AVN and RMO are the most
important pitfalls in the differential diagnosis of TO [1,9]. AVN
can be distinguished from TO by showing joint space reduc-
tion and the “double line” MRI sign formed at the demarca-
tion line, therefore unnecessary interventions such as surgical
decompression or arthroplasty can be avoided [1,2]. RMO sig-
nificantly overlaps with TO on imaging; however, it predomi-
nantly affects middle-aged men (50-60 years of age), and more
commonly knee, ankle, and foot joints, but rarely hips [2,7]. In
addition to these entities, subchondral insufficiency fracture
of the knee (SIFK), earlier known as spontaneous osteonecro-
sis of the knee (SONK), is a type of stress fracture that should
also be considered in differential diagnosis. Besides bone mar-
row edema, a subchondral hypointense line on T2W images
and PD sequences is a typical finding in SIFK and it can be
followed parallel or curvilinear to the subchondral plate, only
several millimeters away from the epiphyseal surface [13].
Mild contour deformity or flattening of the epiphysis may also
be seen and associated findings in SIFK are often meniscal ab-
normalities and various degrees of osteoarthritis, all of which
are not typically visualized in patients with TO [13].

Since TO is a self-limiting condition, conservative treat-
ment is advised in pregnancy, mainly consisting of anal-
gesics, limited weight bearing, and physiotherapy (isometric
exercises) [1,3,4]. In isolated reports corticosteroids, bisphos-
phonates, calcitonin, and vitamin D supplements were used
[3,5,6]. Several authors recommend avoiding pain relievers [5],
calcitonin, and bisphosphonates [3].
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Conclusion

There are only several reports of knee TO in pregnant women,
mainly occurring over the age of 35 with the onset of symp-
toms in the third trimester of the first pregnancy. Typical clin-
ical findings are progressive worsening of knee pain (bilat-
eral or unilateral) with limited ROM, usually followed by nor-
mal laboratory values. MRI is the mainstay for the diagno-
sis, whereas AVN and RMO are the most important disor-
ders in the TO differential diagnosis. Conservative treatment
is advised, and the expected resolution of symptoms is within
3 months.

Patient consent

Written informed consent was obtained from the patient for
the publication of this case report and accompanying images.
The anonymity of all clinical and graphical data used is en-
sured.
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