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OBJECTIVE. We have termed an MRI finding in the knees of adolescents characterized by
a focal bone marrow edema pattern centered about the closing physis a “FOPE”—that is, focal
periphyseal edema—zone. The cause of this appearance is unknown. Therefore, the purpose of this
article is to review the MRI appearance of the FOPE zone and to postulate a causative mechanism.

MATERIALS AND METHODS. FOPE zones were identified on knee MRI examina-
tions performed for pain in 12 patients (seven girls, five boys; age range, 11 years 9 months—15
years 8 months); the examinations were collected over 5 years. Clinical history, skeletal ma-
turity, size and location of FOPE zone, and concomitant ipsilateral knee abnormalities were
recorded at presentation and on follow-up MRI examinations when available. Bone ages were
estimated from knee radiographs using published standards.

RESULTS. Fifteen FOPE zones measuring 2—27 mm were identified: eight were femo-
ral; six, tibial; and one, fibular. All were centrally located. All physes were patent, albeit nar-
rowed. The radiographic appearance of the physes was similar for both sexes. All patients
with estimated bone ages of 11 and 12 years were girls. Two other girls had bone ages closer
to 14 years, whereas all boys had estimated bone ages of 13 or 14 years.

CONCLUSION. On knee MRI, a FOPE zone can be seen in adolescents and likely re-
lates to the early stages of physiologic physeal closure. It may be associated with pain partic-
ularly when no other MRI abnormalities are present. When the characteristic appearance of
a FOPE zone is observed on MRI, we suggest that it not be mistaken for an abnormality, re-

quires no invasive diagnostic procedure, and does not need imaging follow-up.

bnormalities of the physis, which

include both chronic and acute

injuries such as fracture, have

been described as a cause of de-
bility in children and adolescents [1-3]. We
repeatedly have encountered a finding on
MRI that is distinct from other previously
described disorders and that relates to the
physis in adolescents who have been referred
for the evaluation of knee pain. This MRI
finding is characterized by a focal bone mar-
row edema pattern centered at the physis of
the distal femur, proximal tibia, or proximal
fibula and extending into both the adjacent
metaphysis and epiphysis. We have termed
this finding of a focal periphyseal edema
(FOPE) pattern a “FOPE zone” (Fig. 1). The
cause of this finding is unknown. Therefore,
the purpose of our study was to evaluate the
MRI appearance of FOPE zones in adoles-
cent knees, to correlate MR findings with ra-
diographic bone age estimates, and to postu-
late a causative mechanism.

Materials and Methods

This retrospective study was HIPAA compli-
ant and was approved by the institutional review
board. The requirement for informed patient con-
sent was waived.

FOPE zones were identified on routine MRI ex-
aminations of the knee performed for acute or chron-
ic pain in 12 patients (seven girls and five boys; age
range, 11 years 9 months—15 years 8 months); the MR
examinations were collected over 5 years (March
2005—February 2010). Patient history was obtained
from clinic notes, which were accessed through the
hospital clinical information system. The side of in-
terest and duration of symptoms before and after
the MRI examinations were recorded if available.

All knees were scanned on a 1.5- or 3-T imaging
system. Each study included a coronal fat-sup-
pressed fast spin-echo (FSE) T2-weighted sequence
(1.5 T: TR range/TE range, 2740-3360/69.6-80.3;
echo-train length [ETL], 6-8; matrix, 256-320 x
192; slice thickness, 3 mm; 3 T: TR/TE, 3360/61;
ETL, 7; matrix, 320 x 256; slice thickness, 3 mm), a
coronal STIR sequence (1.5 T: TR/TE, 4116/43; in-
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version time, 150 ms; ETL, 10; matrix, 256 x 160;
slice thickness, 5 mm), or a coronal fat-suppressed
FSE intermediate-weighted sequence (1.5 T: TR
range/TE range, 3000-3020/35-45; ETL, 7; matrix,
256-320 x 192; slice thickness, 3 mm). A sagittal
fat-suppressed FSE T2-weighted sequence (1.5 T:
TR range/TE range, 2000-3583/70.2-86.4; ETL,
7-8; matrix, 256320 x 192-240; slice thickness, 3
mm; 3 T: TR/TE, 3000/61; ETL, 7; matrix, 320 x
256; slice thickness, 3 mm) or a sagittal fat-sup-
pressed FSE intermediate-weighted sequence (1.5 T:
TR/TE, 3020/45; ETL, 7; matrix, 320 x 240; slice
thickness, 3 mm) was also available. In addition, all
MRI examinations except one included a coronal
spin-echo T1-weighted sequence (1.5 T: TR range/
TE range, 350-900/10.58-22; matrix, 256512 x
192-231; slice thickness, 3—5 mm; 3 T: TR range/TE
range, 451-800/9.5-20; matrix, 384-400 x 288—
332; slice thickness, 2.5-3.0 mm). Ten of 16 total ex-
aminations had a fat-suppressed 3D gradient-echo
sequence that, depending on the vendor, consisted of
TRs ranging from 20 to 50 ms, TEs ranging from 6
to 10 ms, flip angles ranging from 7° to 60°, and slice
thicknesses ranging from 1.2 to 2.0 mm.

All MRI examinations were reviewed by a staff
pediatric musculoskeletal radiologist (18 years’ expe-
rience) and a staff fellowship-trained musculoskeletal
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Fig. 1—14-year-old boy imaged
for medial left knee pain of
unknown duration. Patientis
active in sports but recalled

no specific traumatic event.
Coronal fat-suppressed fast
spin-echo T2-weighted image
shows abnormal pattern of
bone marrow edema within
both epiphysis and metaphysis
centered about anteromedial
central tibia (arrow); we refer to
this MR finding as “FOPE zone”
(focal periphyseal edema zone).
No additional abnormalities
were identified at MRI
evaluation.

radiologist (2 years’ experience) by consensus. Skel-
etal maturation, the location and size of the FOPE
zone, and concomitant ipsilateral knee abnormalities
based on the MRI examination were recorded.
Skeletal maturation was reflected in the paten-
cy of the physes of the knee. The physes were de-
fined as open or closed using a sagittal 3D gradi-
ent-echo sequence when available. Cartilage signal
intensity across the entire physis was needed to de-
fine the physis as open. A fat-suppressed FSE T2-
weighted sequence was used to determine physeal
patency if no 3D gradient-echo sequence was avail-
able. The location of the FOPE zone was based on
a cross-sectional map of the distal femoral, proxi-
mal tibial, or proximal fibular physis divided ap-
proximately into thirds using concentric rings and
categorized as 1, peripheral; or 2, central. The in-
ner two rings were considered central, whereas the
outer ring was considered peripheral. These two lo-
cations were further subdivided into A, anterolat-
eral; B, anteromedial; C, posterolateral; D, postero-
medial; or E, bull’s eye. The size of the FOPE zone
was determined by the maximal transverse dimen-
sion measured at the level of the affected physis on
either the sagittal or coronal sequence, whichever
was greater. When a follow-up MRI examination
was available, the marrow edema pattern was sub-

jectively recorded as decreased, increased, or no
change compared with the initial MR examination.

Evaluation for concomitant knee injuries in-
cluded documentation of other sites of a bone
marrow edema pattern and of injury to the cruci-
ate ligaments, medial collateral ligament, lateral
collateral ligament complex, patellofemoral joint,
iliotibial band, articular cartilage, and menisci.

Conventional frontal and lateral radiographs of
the knee obtained 0-21 days from the time of the
MRI examination were available in 10 patients.
The remaining two patients underwent radiogra-
phy of the knee 4 months before and 5 months af-
ter MRI evaluation. Estimated bone ages were de-
termined using the Radiographic Atlas of Skeletal
Development of the Knee [4].

Results

The results are summarized in Table 1. Of
the 12 patients included in this study, nine
(75%) had symptoms that related to identi-
fiable athletic activities and the remaining
three did not reveal histories specifically as-
sociated with athletic activity. One patient
had a chronic illness (i.e., juvenile idiopathic
arthritis). Eight patients had left-sided symp-
toms and four had right-sided symptoms.
The duration of symptoms, when known,
ranged from 2 days to 1 year.

Fifteen FOPE zones were identified in the
12 patients. Eight FOPE zones were present
in the femur; six, in the tibia; and one, in the
fibula (Figs. 2 and 3). Two patients had two
separate FOPE zones at presentation: One
patient had one zone in the femur and one
zone in the tibia, and the other patient had
one zone in the femur and one zone in the
fibula. One patient was shown to have devel-
oped a new FOPE zone on follow-up MRI
evaluation. Ten FOPE zones were on the left
side and five were on the right side.

FOPE zones were seen on all MRI se-
quences including non—fat-suppressed pro-
ton density and T1-weighted sequences but
subjectively were most conspicuous when
fat suppression was used with intermediate-
or T2-weighting. All patients showed open,
albeit relatively narrowed, physes (Fig. 4).
FOPE zones measured at the level of the phy-
sis ranged in maximal diameter from 2 to 27
mm, but the extent of the adjacent bone mar-
row edema pattern was often larger. Within
the central region, nine zones were central-
lateral (2B or 2D), three were central-medial
(2A or 2C), and three were bull’s eye (2E).

In one patient, complete resolution of
a FOPE zone in the tibia was seen on fol-
low-up imaging 8 months later, but a new
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Fig. 2—13-year-old male athlete who participates in several sports presented
with 2-month history of left knee pain. Coronal fast spin-echo fat-suppressed T2-
weighted image shows focal periphyseal edema (FOPE) zone, with bone marrow
edema pattern centered about medial-central distal femoral physis (arrow).
Similar zone was seen also in proximal fibula (not shown). No other abnormality of

MRI of the Adolescent Knee

knee to account for patient’s pain was identified at MRI evaluation.

FOPE zone was shown to have developed in
a different location within the femur (Fig.
5). For the three other patients with follow-
up MRI, MR examinations performed at 2
weeks, 7 weeks, and 10 months after the
initial MR examination showed no change
in the size of the FOPE zone at the level of
the physis. The surrounding marrow edema
pattern, although still present, was slightly
decreased in two patients (at 2 weeks and 7
weeks) and was unchanged in one patient
(at 10 months). One patient, in whom the
possibility of infection was raised but no
antibiotic treatment was initiated, showed a
slight decrease in the size of the FOPE zone
on follow-up imaging 2 weeks later. Seven
patients had other MRI abnormalities iden-
tified in the knee, which are listed in Table
1. Eight patients had no known acute injury;
of these patients, four had additional find-
ings on MRI evaluation.

One patient had resolution of clinical
symptoms after bearing no weight for 4
weeks, treatment similar to that for a stress
fracture. One patient had resolution of symp-
toms after 6 weeks of physical therapy. One

AJR:197, October 2011

patient had incomplete relief despite two sep-
arate surgeries for a partial discoid meniscus
and a mediopatellar plica. Nine patients did
not return for orthopedic or other clinical
follow-up related to the initial symptoms.

Estimated bone age based on the conven-
tional radiographs ranged from 11 years to
14 years. All patients with bone ages of 11
and 12 years were girls. Two other girls had
a bone age of 14 years, whereas all boys had
estimated bone ages of 13 or 14 years. The
conventional radiographic degree of skeletal
maturation was similar for all 12 patients re-
gardless of sex (Fig. 6).

Discussion

Given the remarkably consistent degree of
skeletal maturation between subjects and the
location within each affected bone, we pos-
tulate that the MRI appearance of a FOPE
zone may be a manifestation of normal skel-
etal maturation—namely, physiologic physe-
al fusion.

Physeal fusion is a normal physiologic pro-
cess of skeletal maturation. It begins with the
first mineralized bridge between the diaphy-

Fig. 3—15-year-old girl with juvenile idiopathic arthritis and right lateral knee
pain after injury 2 weeks earlier. Coronal fat-suppressed fast spin-echo T2-
weighted image shows FOPE (focal periphyseal edema pattern) zone (arrow) with
typical bone marrow edema pattern involving both central tibial metaphysis and
epiphysis.

sis and epiphysis and ends with complete re-
placement of the cartilaginous physis by bone
and marrow [5]. The process of physeal clo-
sure occurs through different types of union.
This process ranges from an initial single nar-
row perforation of cartilage by bone to mul-
tiple initial perforations followed by spread to
involve the entire physis [5]. Perforations can
be peripheral, eccentric and central, or cen-
tral within the physis. Each physis may have
a different pattern of closure [6]. However,
most frequently, the process of physeal fu-
sion starts centrally and proceeds centrifugal-
ly with small remnants of cartilaginous phy-
sis remaining peripherally [6]. Previous MRI
studies of the knee indicate that physeal clo-
sure is initiated centrally within the distal fe-
mur and proximal tibia [7, 8].

During the process of skeletal matura-
tion, new cartilage is added to the epiphyse-
al border of the physis that subsequently is
mineralized as a form of metaplastic bone,
forming the first union between the epiphy-
sis and diaphysis [5]. The formation of these
metaplastic bone—neofibrocartilage perfo-
rations of the physis may act as tethers to
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A

Fig. 4—14-year-old male athlete (same patient as in Fig. 1) who presented with medial knee pain but no known injury.
A, Sagittal 3D gradient-echo sequence shows focal periphyseal edema (FOPE) pattern (arrow). FOPE zone is much less conspicuous on 3D gradient-echo sequence than
on fat-suppressed T2 fast spin-echo sequence. This sequence was used, when available, to determine physeal patency. Distal femoral and proximal tibial physes are

thinned but are still open.

B, Sagittal fat-suppressed fast spin-echo T2-weighted image shows same FOPE zone seen in A to better advantage.

the surrounding bone and may alter local-
ized mechanics. The diminution in relative
bone flexibility at these areas during stress
may be accentuated in athletic teens, caus-
ing localized microtrauma with possible vas-
cular damage and bleeding. This mechanism
may account for the increased signal seen on
fluid-sensitive MRI sequences. Consequent-
ly, these alterations may also result in pain
similar to the tethering mechanism and re-
sultant symptoms attributed to coalitions in
the foot [9].

Although the cause of a tarsal coalition
(thought to be a segmentation abnormality)
and the cause of the early stage of physeal
fusion (a normal physiologic process) are
different, the end result of diminished lo-
calized bone compliance might be similar.
Histopathologic analysis of patients with co-
alitions of the foot shows no inflammatory
debris, but the MRI appearance in symptom-
atic coalitions reveals increased T2 signal
intensity and enhancement consistent with

1002

a bone marrow edema pattern on either side
of the site of coalition (Fig. 7). This edema
pattern is thought to reflect the prominent
neovascularity and bleeding seen related to
microfractures in nonosseous coalitions [9]
and is also a plausible mechanism for the in-
creased fluid signal seen on MRI of patients
with a FOPE zone.

All subjects included in our study had a
strikingly similar degree of skeletal matu-
ration based on conventional radiographs.
Girls mature at an earlier chronologic age
compared with boys. Therefore, as we antic-
ipated, the conventional radiographic bone
ages were younger in the female subjects.
The onset of physiologic physeal fusion in
girls is thought to be due to the relative great-
er levels of estrogenic compounds, which ac-
celerate cartilage replacement and osseous
maturation [10].

All subjects showed either a bull’s-eye or
eccentric central location of the FOPE zone
in the region of expected initiation of physi-

ologic physeal fusion. Follow-up imaging of
one patient 8 months later showed interval
closure of the central physis with resolution of
the periphyseal edema pattern. We found no
bone predilection for FOPE zones within the
knee in our small cohort; similarly, there was
no substantial sex dominance. This finding is
not surprising because all long bones in both
sexes undergo physiologic physeal fusion.

Although all patients in this study were
imaged for knee pain, it is unclear wheth-
er the bone marrow edema pattern that sur-
rounds the FOPE zone is responsible for the
presenting symptoms. Two thirds of the sub-
jects in our study did not have an acute in-
jury, suggesting that the FOPE zone could
result also from chronic repetitive microtrau-
ma at the site of focal tethering. Nearly half
of the patients had no other finding on MRI
evaluation to explain the knee pain.

Of the patients with additional MRI find-
ings, one patient had an intact partial discoid
lateral meniscus. This patient had resolution of

AJR:197, October 2011
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A

Fig. 5—15-year-old boy with right knee pain after football injury.

A, Coronal spin-echo T1-weighted image shows focal periphyseal edema (FOPE) pattern (arrow), or FOPE zone, with decreased signal relative to surrounding fatty
marrow signal in both metaphysis and epiphysis centered about proximal tibial physis. This patient also had nondisplaced medial meniscal tear and posterolateral
marrow edema pattern (not shown).

B, Coronal spin-echo T1-weighted image obtained 8 months after A when patient presented with medial knee pain after baseball injury. Bridging trabecular bone (arrow)
is now seen across area of physis previously involved with FOPE zone. Meniscal tear, which had not been treated, had progressed to bucket-handle tear (not shown) and
likely accounts for patient’s pain.

Fig. 6—Frontal knee radiographs (uniformly
projected to allow comparison) of three girls (top
row) ranging in age from 11 years 11 months to 14
years 4 months and three boys (bottom row) ranging
inage from 13 years 8 months to 15 years 4 months.
All'had FOPE (focal periphyseal edema pattern) zones
identified on knee MRI examinations. There is striking
similarity in degree of skeletal maturation and extent
of physeal closure in all patients both within and
between sexes.

AJR:197, October 2011 1003
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pain at 6 weeks after physical therapy; how-
ever, follow-up MRI examination at 7 weeks
showed persistence of the FOPE zone, al-
though the marrow edema pattern was slight-
ly less conspicuous. An additional patient with
edema in Hoffa fat-pad and a partial discoid
lateral meniscus continued to have pain af-
ter surgical treatment of the meniscus and re-
section of a mediopatellar plica. Follow-up
MRI examination of this patient at 10 months
showed no substantial change in the appear-
ance of the distal femoral FOPE zone. Five
other patients had abnormal findings within
the affected knee, and whether identification
of a FOPE zone was incidental is unknown.
Because three quarters of the subjects in our
study were involved in competitive athletic ac-
tivities, we suggest that the additional stress-
es placed on the knee during high-level play
might accentuate the tethering of early physe-
al fusion more than in less active adolescents.
The limitations of our study include its small
size and retrospective nature. We collected the
subjects from patients who presented with knee
pain and had been referred for MRI evaluation.
A FOPE zone may also be present in asymp-
tomatic maturing adolescents who have no in-
dication for MRI evaluation. No nerve endings
are found at the site of tarsal coalitions, and the
pain from this entity is presumed to be second-
ary to stimulation of the nearby articular cap-
sule and periosteum [9]. Similarly, it is possible
that some FOPE zones in maturing adolescents
are so localized and central that they do not ul-
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Fig. 7—9-year-old
male athlete with right
subtalar foot pain.
Sagittal fat-suppressed
fast spin-echo T2-
weighted images of
foot show nonosseous
calcaneonavicular
coalition with bone
marrow edema pattern
(circle) on either side
of joint, similar to MRI
appearance of FOPE
(focal periphyseal
edema) zone. N =
navicular bone, C =
calcaneus.

timately result in irritation of nerve endings
in the joint capsule or adjacent periosteum.

No histology results were available in any
subject to confirm that physiologic physeal
fusion is the process responsible for the MRI
finding of a FOPE zone. Additionally, be-
cause these patients were near skeletal ma-
turity, the physes were inherently thin and,
therefore, focal physeal signal intensity ab-
normalities that might be associated with a
FOPE zone were not delineated. One sub-
ject did show resolution of the FOPE zone
at 8 months’ follow-up and the other three
patients with follow-up MRI examinations
showed no decrease in zone diameter at the
level of the physis, but the degree of marrow
edema pattern was subjectively decreased in
two of those three patients. It is possible that
these FOPE zones were imaged early during
the course of physeal closure.

The temporal course of physeal closure
is not well understood. Serial convention-
al radiography of the phalanges in the hand
showed a mean of 13 months between cessa-
tion of longitudinal growth and radiograph-
ically complete closure [10]. This time gap
may account for the relatively little change
seen in the FOPE zones of the knee at fol-
low-up imaging in patients who might have
presented early in the process of physeal clo-
sure and were not reimaged at a time inter-
val long enough to see change. We expect the
FOPE zone to be a transient finding until full
skeletal maturation; however, we do not have

follow-up MRI to resolution in all subjects.
In addition, we did not have long-term clini-
cal follow-up on all patients.

Whether a FOPE zone is found in the phy-
ses of all other bones that undergo endochon-
dral ossification is unknown. However, we
have anecdotally seen a similar FOPE zone
in the proximal femur of an adolescent. Last-
ly, bone age determination from radiographs
inherently is subjective.

In summary, we suggest that the FOPE
zone identified in the knee of adolescents
around the time of expected skeletal age of
maturation likely relates to the early stages of
physiologic physeal fusion. This MRI appear-
ance also may be responsible for the patient’s
clinical symptom of pain, particularly when
no other imaging findings are present. When
the characteristic appearance of a bone mar-
row edema pattern centered about the central
portion of a closing physis at the knee in an
adolescent is observed, we suggest that this
finding should not be mistaken for an abnor-
mality, requires no invasive diagnostic proce-
dure, and does not need imaging follow-up.
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