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Abstract The authors describe the case of a 42-year-old
woman presenting with significant knee pain and disability.
Her imaging findings using contrast MR imaging and FDG
PET/CT suggested adhesive capsulitis, which was con-
firmed by arthroscopy, histology, and the clinical outcome.
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Introduction

Adhesive capsulitis (AC) is a common disorder. It usually
affects the shoulder and causes chronic pain that can last for
several months or for a period of years. AC can be primary
(unknown etiology), or secondary to trauma, surgery or
immobilization. Imaging findings of adhesive capsulitis
have been previously described. Conventional arthrography
demonstrates reduction of the joint volume and obliteration
of the axillary fold [1]. Magnetic resonance (MR) imaging
may show thickening and signal alteration of the joint
capsule and surrounding tissues with or without gadolinium
enhancement [2, 3]. Adhesive capsulitis has also been
reported in the hip, wrist and ankle joints [4, 5].

To our knowledge, adhesive capsulitis of the knee has not
been reported in the literature. This report describes a patient
with spontaneous and progressive chronic incapacitating
knee pain and restricted movement. Imaging findings were
compatible with joint capsule and synovial disease, suggest-
ing a diagnosis of adhesive capsulitis, which was later
supported by arthroscopy, histological examination, and
clinical outcome.

Case report

A 42-year-old woman presented at the orthopedic clinic
with moderate/severe knee pain on 21 September 2010.
The symptoms were initially mild and progressed to mod-
erate/severe over the course of 3 months. Upon clinical
examination, no effusion or inflammatory signs were found.
She had limitations of both flexion (90°) and extension
(85°) of the knee, (normal knee range of motion: flex-
ion 130°, extension 120°). Laboratory examinations for
a systemic rheumatological condition were negative
(FAN, rheumatoid factor, HLA-B27). Radiographs of
both knees were normal. The patient was treated initial-
ly with oral anti-inflammatory medication and under-
went 40 sessions of physiotherapy; no significant
improvement was observed.

Eight months later the patient was re-evaluated and con-
tinued to report moderate/severe knee pain. Magnetic reso-
nance imaging was performed using a low-field magnet
(0.3 T Magnetom C, Siemens, Erlangen, Germany). STIR
sequences (TR/TE 3,500–120) revealed high signal intensi-
ty in the suprapatellar fat pad, the anterior cruciate ligament,
and the popliteal tendon insertion into the lateral condyle.
No knee effusion was observed; in fact, the amount of joint
fluid was thought to be reduced. No menisci, cartilage or
ligament injuries were found.
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Six weeks later, another set of MR images were obtained
using a high field strength (1.5 T, Magnetom Spree;
Siemens, Erlangen, Germany) with gadolinium contrast
agent administration (14 ml). High signal intensity on T2-
weighted images (TSE; TR/TE: 3,000/100) and contrast
enhancement were noted in the same regions that had been
abnormal in the previous examination (the suprapatellar fat
pad, the anterior cruciate ligament, and the popliteal
tendon insertion) and also at the posteromedial capsule.
No menisci, cartilage or ligament injuries were found.
Additionally, T2 mapping of the patellar cartilage was
performed, with normal findings. The radiologist sug-
gested the possibility of adhesive capsulitis of the knee
(Fig. 1), and recommended a complementary study with
PET/CT for confirmation.

Fluorodeoxyglucose (FDG) PET/CT (with 1-h acquisition
delay after intravenous FDG injection), revealed significant
enhancement of the suprapatellar fat pad, the anterior cruciate
ligament, the posterior cruciate ligament, the popliteus inser-
tion, the posterior capsule and the semimembranosus inser-
tion. The other knee, which was imaged at the same time, was
normal (Fig. 2).

Because symptoms persisted, arthroscopy was recom-
mended. Approximately 1 year after she was first seen,
arthroscopy revealed inflammatory signs at the suprapatellar
synovial membrane (synovitis), with a red coloration and
limited distension. A soft tissue sample from this area was

submitted for histopathological evaluation. No other joint
abnormalities were found at arthroscopy.

Biopsy using hematoxylin–eosin staining revealed syno-
vial hyperplasia (synovial membrane with multiple layers of
cells) with synovial papillomatosis, mild capsular and stro-
mal fibrosis (fibroblast infiltration between collagen fibers),
and stromal chronic focal inflammatory infiltrate (lympho-
cyte and histiocyte conglomerations), findings with high
specificity value for adhesive capsulitis (Fig. 3).

One month after the arthroscopy, the patient reported that
her symptoms were improving. By 24 months after the
initial symptoms, she was asymptomatic.

Discussion

Adhesive capsulitis has an incidence of 3–5 % in the general
population and up to 20 % in those with diabetes [6].
Adhesive capsulitis of the shoulder is one of the most
common musculoskeletal problems encountered in orthope-
dics [6]. Although the pathophysiology of AC remains
unclear, this disease is thought to be caused by a combina-
tion of inflammation and a fibrotic reaction in the capsule
and synovial membrane that subsequently leads to the for-
mation of adhesions [7–11].

The presentation of adhesive capsulitis generally com-
prises three distinct stages [6]. The first stage is called the

Fig. 1 Second MR imaging
examination performed using a
high-field 1.5-T magnet. a
Sagittal T2-weighted FSE
sequence (TR 3000/TE 100)
with fat suppression
demonstrating a high signal
intensity at the suprapatellar fat
pad (white arrow) and at the
anterior cruciate ligament
(black arrow). b Sagittal T2-
weighted FSE sequence (TR
3000/TE 100) with fat
suppression demonstrating a
high signal intensity at the
posteromedial capsule zone
(white arrow). c Sagittal T1-
weighted sequence (TR 500/TE
13) with fat suppression with
contrast agent demonstrating
enhancement of the
suprapatellar fat pad (white
arrow) and the pericruciate
ligament zone (white
arrowhead)
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“freezing” or “painful” stage. Patients may not present dur-
ing this stage because they think that eventually the pain
will resolve if self-treated. As the symptoms progress, pain
worsens and both the active and the passive range of motion
becomes more restricted, eventually resulting in the patient
seeking medical consultation. This stage typically lasts be-
tween 3 and 9 months and is characterized by acute syno-
vitis [12]. Most patients will progress to the second stage,
the “frozen” or “transitional” stage. Because of pain at the
end of the range of motion (ROM), use of the limb may be
limited. causing muscular disuse. The common capsular
pattern of limitation has historically been described as
diminishing motions. with external joint rotation being the
most limited, followed closely by joint flexion and internal
rotation. There eventually becomes a point during the frozen
stage when the pain does not occur at the end of ROM.
During this stage (which lasts anywhere from 4 to
12 months), shoulder pain does not necessarily worsen.

The third stage begins when the range of motion begins to
improve; this stage (lasts anywhere from 12 to 42 months) is
termed the “thawing” stage and is defined by a gradual
return of joint mobility. The treatment options for AC have
included, but are not limited to, physical therapy, corticoste-
roid injections, closed manipulations, and capsular release
[10–13].

Analyzing our presented case retrospectively, the chro-
nology of symptoms was similar to that described above,
and the duration of the disease was approximately
24 months. In the classic description of AC, pain presents
first, followed by progressive loss of motion; the pain then
subsides, and motion may or may not be slowly restored.
Symptoms of AC may progress so slowly that the patient
does not even seek medical attention until range of motion
and pain severely limit their daily activities. It is not un-
common for a patient to present with pain as their only
complaint and not realize that there is a loss of motion [6].

Fig. 2 Fluorodeoxyglucose
(FDG) PET/CT (with 1-
h delayed acquisition) of the
knee with multiplanar
reconstruction demonstrating
enhancement (white arrows) of
a the cruciate ligaments and
suprapatellar fat pad, b, c the
articular capsule, and d the
popliteal tendon insertion
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In the knee, the loss of motion is probably more difficult to
assess because of its large synovial recesses compared with
those in the shoulder joint.

Prolonged immobilization of a joint after injury or
surgery has been shown to have several detrimental
physiological consequences, including the following: de-
creased collagen length, fibrofatty infiltration into the
capsular recess, ligament atrophy resulting in decreased
stress absorption, collagen band bridging across
recesses, random collagen production, and altered sarco-
mere number in the muscle tissue, consequences that
should disappear after recovery time [14]. The develop-
ment of AC after trauma or surgery (secondary AC)
could represent an exacerbation of this physiological

consequences following immobilization. In primary AC
immobilization (joint restriction) is probably due to pri-
mary contracture (fibrosis).

The histological analysis of AC usually reveals the fol-
lowing: hypertrophic synovitis, hypervascular synovitis, and
rare inflammatory cell infiltrates during phase 1; hypertro-
phic and hypervascular synovitis with perivascular scar,
subsynovial scar, fibroplasias, and scar formation in the
underlying capsule during phase 2; and dense scar formation
of the capsule during phase 3 [15]. In our case, the histo-
logical findings were compatible with phase 1–2 AC, show-
ing synovial hyperplasia, mild capsular fibrosis (scar),
stromal fibrosis (scar), and chronic focal inflammatory
infiltrate.

Magnetic resonance imaging can be useful at all stages of
adhesive capsulitis, including stage 1, during which the
clinical examination findings may be subtle [14]. Early
research in a small study population showed that joint
capsule measurements that are greater than 4 mm in the
axillary recess on T1 oblique coronal MR images suggest
a diagnosis of adhesive capsulitis with reasonable sensitivity
and excellent specificity [1]. Several MR imaging studies
have demonstrated the high prevalence of gadolinium en-
hancement of the joint capsule and synovial membrane in
stage 2 disease [1, 3, 7, 16].

A recent study published by Ahn et al. [16] demonstrated
that the pain intensity was linked to the contrast enhance-
ment grades of the joint capsule. Our case showed hyper-
intensity of the capsule and synovial membrane on T2-
weighted images, as well as contrast enhancement, suggest-
ing that it represented stage 2 disease, which was compatible
with the clinical examination of the patient. The knee cap-
sule and synovial enhancement by gadolinium was corrob-
orated by avid FDG consumption on PET/CT, suggesting a
hypermetabolic state of the periarticular tissues. Positron
emission tomography with computed tomography
(PET/CT) with [18F] fluorodeoxyglucose (FDG) can be
used to evaluate inflammatory joint disease by visualizing
the glucose consumption at the inflamed areas [17].
However, we believe that our case represents the first report
of this imaging method in AC. PET/CT imaging with FDG
is not routinely indicated for the diagnosis of AC, but
provided useful confirmation of synovial and joint capsule
abnormalities. The degree of enhancement with FDG
PET/CT was quite marked, and disproportionately more
prominent than seen on the comparable post-gadolinium
MR imaging examination. This is probably due to increased
contrast resolution inherent to each method, considering the
background tissue signal and enhancement with contrast
compounds.

Abnormal rotator interval fat signal has been described in
the literature as a manifestation of AC of the shoulder [1, 3,
7, 16]. In our case there was abnormal MR signal and

Fig. 3 Histology of the soft tissue sample removed by arthroscopy at
the suprapatellar pouch/suprapatellar fat pad. Hematoxylin/eosin stain-
ing demonstrated synovial hyperplasia (synovial membrane with mul-
tiple layers of cells; black arrows). a Synovial hyperplasia (black
arrow), synovial papillomatosis (small black arrows), and mild stromal
fibrosis (white arrows). b Stromal chronic focal inflammatory infiltrate
with lymphocyte and histiocyte conglomerates (black arrowheads). c
Normal synovial membrane with a single layer of cells (with arrow-
heads). L lymphocytes, H histiocytes, C joint capsule
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contrast enhancement in the suprapatellar fat pad. Isolated
signal alteration of the suprapatellar fat pad has been de-
scribed by Schweitzer et al. [18] as a condition that is
analogous to Hoffa’s disease, an inflammatory process of
the fat pad. Histological examination of Hoffa’s disease
reveals fibrous tissue, leukocytes, perivascular cells, and
fibrin-occluded blood vessels [19]. These findings are
thought to cause pain at the infrapatellar fat pad and result
in signal alterations on MR imaging [20]. The authors
suggested that these periarticular fat pads are often a win-
dow to articular disorders or synovial abnormalities because
of their anatomical positions. In one patient from the study
who underwent an imaging-guided biopsy of the suprapa-
tellar fat pad, histological analysis revealed vasculitis with
obliteration of the blood vessels and an inflammatory re-
sponse, which is very similar to the histological changes
described in Hoffa’s disease. It is possible that isolated
signal alteration on the suprapatellar fat pad could represent
the beginning of AC of the knee, or a “forme fruste” of the
disease.

A similar condition of the knee was described by Paulo et
al. in patients after knee surgery or injury. They named it
infrapatellar contracture syndrome (IPCS) [21, 22]. Patients
with IPCS present with anterior knee pain, decreased patel-
lar mobility, a decreased range of motion and quadriceps
atrophy following knee surgery [23]. The diagnosis is purely
clinical and not obvious unless the problem is sought. A
comparison of patellar excursion relative to the contralateral
knee is critical for diagnosing this condition. Occasionally,
there is a significant loss of the range of motion, but for the
majority of the patients, the main complaints are anterior
knee pain and difficulty with rehabilitation. Arthroscopic
release results in significant improvement in the range of
motion [23, 24].

We think that in our case, the absence of a meniscal tear,
or any other findings of internal derangement, argue strong-
ly against other diagnoses to explain the patient’s symptoms.
In addition, no joint effusion was observed, which is not
compatible with pure synovitis because joint effusion is
usually abundant. Although isolated signal alteration of the
anterior cruciate without discontinuity can be found in
patients with partial ligament tear, mucoid degeneration or
gout [25, 26], in our case, there was no clinical evidence of
these conditions, and the appearance on MRI was not typ-
ical of mucoid degeneration. Therefore, we believe that the
diagnosis that best fits the patient’s condition is adhesive
capsulitis of the knee.

Adhesive capsulitis is accepted to occur in joints other
than the shoulder. AC of the wrist can be found in patients
who have undergone prolonged wrist immobilization
[5]. AC of the hip has been reported in the literature
[4] with clinical characteristics similar to the shoulder,
principally consisting of painful restricted motion and a

clear predilection for middle-aged women. This report is
the first description of AC of the knee. Similar to AC
of the hip [4], this condition is possibly underdiagnosed.
One of the reasons for this may be that the very large
synovial recesses of the knee may undergo contraction
with little or no loss of motion, which is the main
physical examination finding in AC.

In summary, we presented the case of a middle-aged
woman with incapacitating chronic knee pain that persisted
for 24 months and ultimately underwent spontaneous and
complete resolution. Imaging findings on MR and FDG
PET/CTwere compatible with capsule and synovial disease,
but there was no joint effusion, and no clinical or laboratory
findings of rheumatological disease. Arthroscopy revealed
capsular joint restriction and synovitis. Biopsy showed sy-
novial hyperplasia, mild capsular fibrosis, and chronic focal
inflammatory infiltrate. All of those findings, together with
the exclusion of other pathology, suggest the diagnosis of
adhesive capsulitis of the knee.
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