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MR of physeal fractures of the

adolescent knee

Abstract The aim of this study was
to assess physeal fractures of the pe-
diatric knee identified by MR imag-
ing and to describe the MR findings
of such fractures. The authors re-
viewed 315 consecutive pediatric
knee MR examinations done to as-
sess for traumatic injury. The MR
images were reviewed for evidence
of physeal fracture. Fractures were
classified by the Salter-Harris sys-
tem, and associated findings and in-
juries were noted. Plain radiographs
and medical records were reviewed.
Seven distal femoral physeal frac-
tures (Salter II, n = 6; Salter III,

n =1) and two proximal tibia phy-
seal fractures (Salter III, n = 1; com-
plex Salter IV, n = 1) were
identified. Magnetic resonance
demonstrated widening of a portion
of the physis with visualization of a

metaphyseal/epiphyseal fracture
line. Periosteal elevation was ob-
served in six cases. Four patients had
associated ligamentous or meniscal
injuries. Plain radiographs were
available for review in eight pa-
tients. Bone abnormalities suggest-
ing fracture were evident in six of
eight patients; however, the fracture
was fully delineated in only one pa-
tient. The diagnosis or confirmation
of fracture by MR changed clinical
management in seven of eight pa-
tients in whom follow-up was avail-
able. Physeal fractures of the
pediatric knee are occasionally di-
agnosed by MR. Magnetic reso-
nance provides improved
delineation of non-displaced phy-
seal fractures of the knee, while si-
multaneously allowing for
evaluation of soft tissue structures.

Introduction

Several authors have described the use of MR imaging
in evaluating various types of fractures. Magnetic reso-
nance has been proven to be valuable both in identify-
ing occult fractures of the adult knee and in evaluating
Salter fractures of various bones in the young child
[1-8]. Magnetic resonance has shown prowess in assess-
ing the post-traumatic knee for internal derangement,
both in adult and pediatric patients [9, 10]. Descriptions
of MR demonstration of physeal injuries in the adoles-
cent knee are sparse. In this study, we retrospectively
evaluated pediatric patients undergoing knee MR for
evidence of physeal fracture. We studied these cases to
determine the MR findings of physeal fracture at the

knee, whether the fractures were radiographically evi-
dent, and whether MR diagnosis or confirmation of
fracture changed patient management.

Materials and methods

Three hundred forty-five knee MR studies performed in pediatric
patients aged 18 years or less from January 1994 to March 1998
were reviewed. We excluded 30 examinations in which MR was
performed for reasons other than assessing traumatic injury
(mass, n =10, known osteochondritis dissecans, n = 10, avascular
necrosis, n = 3, miscellaneous other indications, n = 7). This left
315 knee MR examinations performed on 289 patients and 308
knees. In 14 patients, both knees were imaged on the same date.
Five patients had both knees examined, but on different dates.
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Fig.1a—c A 15-year-old boy with Salter II fracture of the distal fe-
mur. a Plain radiograph shows a faint metaphyseal fracture line (ar-
rows) that was noted only in retrospect. b Coronal proton-density
with fat-saturation MR image shows the same metaphyseal frac-
ture line (straight arrows), widening of the medial physis (arrow-
heads), metaphyseal bone marrow edema and periosteal elevation
(curved arrows; E effusion). ¢ Axial proton density with fat-satura-
tion MR image better demonstrates periosteal elevation (curved
arrows). A band of high signal represents the metaphyseal fracture
line, not well seen in the axial plane (straight arrows)

Seven patients had two separate examinations of the same knee.
One hundred ninety studies were performed on 175 boys and 125
studies on 114 girls. For the group as a whole, the age range was
3-18 years with a mean age of 14.4 years and median age of
15 years. For subgroups of boys and girls, the age range was also
3-18 years and the median age 15 years; however, the mean age
for girls was 14.0 years and for boys was 14.6 years.

All knee MR studies were performed under a standard proto-
col on a 1.5-T magnet (Signa, GE Medical Systems, Milwaukee,
Wis.). An extremity coil was used, with the knee placed in 15° of
external rotation to profile the anterior cruciate ligament in the
sagittal plane better. Our standard pediatric knee MR protocol
was modified over the period of study. Older examinations were
obtained with the following protocol:

1. Localizer: axial T1-weighted fast spin echo (FSE; TR 500 ms, TE
17 ms, 10 mm thick skipping 2 mm)

2. Axial T1-weighted SE (TR 600 ms, minimum TE, 4 mm thick
skipping 0.5 mm)

3. Sagittal T1-weighted SE (TR 650 ms, minimum TE, 3 mm thick
skipping 1 mm)

4. Sagittal 3D gradient echo (GRE; TR 31 ms, TE 15 ms, flip angle
30°, 1.5 mm thick with no skip

5. Coronal proton density/T2-weighted SE (TR 4500 ms, TE 17
and 85 ms, 4 mm thick skipping 0.5 mm)

Our current protocol is:

1. Localizer: axial T1-weighted FSE (same parameters)

2. Axial proton density with fat saturation FSE (TR 4000 ms, TE
17 ms, 4 mm thick skipping 0.5 mm)

3. Sagittal proton density SE (TR 1200 ms, TE 12 ms, 3 mm thick
skipping 1 mm)

4. Sagittal 3D GRE (same parameters)

5. Coronal proton density FSE (TR 4500 ms, TE 17 ms, 4 mm thick
skipping 0.5 mm)

6. Coronal proton density with fat saturation FSE (TR 4500 ms,
minimum TE, 4 mm thick skipping 0.5 mm)

Magnetic resonance images were reviewed to identify all patients
with fractures of the distal femur or proximal tibia involving the
physis. Fractures were identified as a well-defined linear signal ab-
normality within the metaphysis and/or epiphysis, low signal on
T1-weighted images, and high signal on T2-weighted images. Phy-
seal portions of fractures were identified by localized physeal wid-
ening and increased signal on T2-weighted images. The fractures
were categorized by the Salter-Harris system [11]. Associated inju-
ries and abnormalities were noted. Although not required, most of
our patients undergo routine knee radiography prior to MR, usual-
ly at the time of initial clinical evaluation. For patients seeing our
orthopedic surgeons, anteroposterior, lateral, notch, and patellar
views are routinely obtained. Oblique and cross-table lateral radio-
graphs are not routinely obtained. Plain radiographs of each pa-
tient with physeal fractures seen by MR were reviewed for
evidence of fracture. Medical records were reviewed to identify
mechanisms of injury and to determine if MR diagnosis or confir-
mation of fracture changed clinical mnagement.

Results

Nine patients (7 male and 2 female) were determined to
have a physeal fracture at the knee by MR. The overall
incidence of physeal fracture was 2.9% (9 of 315 pa-
tients). The average age of the seven males was
15.1 years (age range 14-17 years), with the two females
being 11 and 12 years old. The average interval from
time of injury was 8.6 days (range 4-20 days).

Six fractures were classified as Salter II, two were
classified as Salter III, and one was classified as a com-
plex Salter IV fracture. All six Salter II fractures in-
volved the distal femur, with five of the six cases
demonstrating the fracture line to extend through the
medial physis and lateral metaphysis (Figs.1, 2). The
other distal femoral Salter II fracture was through the
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Fig.2a-d A 17-year-old boy with Salter II fracture of the distal fe-
mur. a, b Anteroposterior and lateral radiographs of the right knee
demonstrate no bony abnormality. Soft tissue planes in the distal
thigh are indistinct. This was better appreciated by “hot lighting”
these overexposed films. The suprapatellar pouch is not well de-
fined; however, no fullness is evident to suggest effusion. ¢ Coronal
proton density with fat saturation MR image shows a metaphyseal
fracture line laterally (small arrows). Increased signal is noted
within the medial physis (arrowheads) with adjacent metaphyseal
bone marrow edema. Small areas of bone marrow edema are also
seen in the lateral aspect of the distal femoral and proximal tibial
epiphyses (b). Periosteal disruption is noted medially (large ar-
row). E joint effusion. d Axial proton density with fat saturation
MR image obtained immediately above the distal femoral physis
shows the metaphyseal fracture line (small arrows). High signal in
the central and medial femur may represent bone marrow edema
and/or physeal injury. The periosteum is disrupted (large arrows)
and minimally elevated medially (curved arrows; E joint effusion)

lateral physis and medial metaphysis. Of the two Salter
III fractures, one occurred at the distal femur with ex-
tension of the fracture line through the medial physis
(Fig.3), whereas the other extended from the proximal
tibial epiphysis through the medial physis. The remain-
ing fracture involved the proximal tibial epiphysis,

metaphysis, and probably the intervening physis
(Fig.4). Since the epiphyseal and metaphyseal fracture
lines were not completely in plane and the extent of
physeal fracture unclear, this fracture was classified as
a complex Salter IV fracture.

The MR findings seen in association with these frac-
tures included marrow edema, effusion, ligament injury,
meniscal injury, and periosteal elevation. High signal on
T2-weighted images, indicative of bone marrow edema,
was seen in association with all of the fractures. In each
of the patients with distal femur fractures, bone marrow
edema was adjacent to fracture within the metaphysis
and to a lesser extent within the epiphysis. Three of
these patients had additional marrow edema of the lat-
eral femoral condyle and one had proximal tibial epi-
physeal marrow edema. Minimal lateral femoral
condyle and moderate anterolateral tibial plateau mar-
row edema was seen with the tibial Salter III fracture.
Minimal bone marrow edema was seen adjacent to frac-
ture lines of the tibial Salter IV fracture. A suprapatellar
knee effusion was noted in six of the nine patients on
MR. Ligamentous and/or meniscal injuries were found
in four patients, with two anterior cruciate ligament
tears, one medial collateral ligament tear, and three me-
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Fig.3a-d A 14-year-old boy
with Salter III fracture of the
distal femur. a Outside plain
radiograph shows widening of
the medial physis (arrowheads)
and irregularity within the in-
tercondylar region (arrow).

b Coronal proton-density-
weighted MR shows a vertical
epiphyseal fracture (arrows),
widening of the medial physis
(arrowheads), and periosteal
elevation (curved arrow). Axial
T2-weighted MR images dem-
onstrate ¢ the sagittal epiphy-
seal fracture line (arrows) and
d medial periosteal elevation
(curved arrows). Note sites of
periosteal disruption (straight
arrows). A moderately large
joint effusion (E) is present

niscal injuries. The patient with the complex Salter IV
fracture of the proximal tibia was noted to have an in-
tact discoid lateral meniscus. Periosteal elevation was
noted in six patients and periosteal disruption in four
patients. In each instance the periosteum was elevated
on the side of physeal fracture (i.e., fracture line
through the medial physis was associated with periosteal
elevation medially). In two cases periosteal elevation
was also noted on the metaphyseal side of a Salter 11
fracture, one of which demonstrated diffuse anterior pe-
riosteal elevation as well. Associated periosteal disrup-
tion was seen on the physeal side of fracture in three
patients and the metaphyseal side of fracture in one pa-
tient.

All nine patients had plain radiographs prior to MR,
with radiographs of eight available for review. Bone ab-
normalities diagnostic or suggestive of fracture were
present in six patients. In only one case, the Salter II1
fracture of the proximal tibia, was the full extent of frac-
ture evident on the radiographs. Soft tissue swelling
with partial obliteration of soft tissue planes was seen
in five of eight patients, four of whom had a bone abnor-
mality. Effusion within the suprapatellar pouch was seen

in six of eight patients, five of whom had a bone abnor-
mality.

Medical records from the emergency room or clinic
prior to the MR were available for six patients. The in-
terval from injury to MR varied up to 20 days. Clinical
data is therefore limited and varied considerably from
patient to patient. Excluding the patient in whom plain
radiographs firmly diagnosed and fully delineated the
fracture, no mention of fracture was provided within
the clinical history on the MR requisition or on the pa-
tient questionnaire filled out at the time of the MR ex-
amination.

Injuries were incurred while playing football in three
patients, and in one patient each playing soccer, playing
hockey, running, skiing, and falling off of a bicycle. In
one patient there was no history available on the mecha-
nism of injury. Activities leading to injury did not vary
considerably from activities causing ligamentous or
meniscal injury in other patients. Descriptions of the in-
juries were inadequate to draw conclusions on mech-
anism of fracture. For instance, no consistent
mechanism (i.e., valgus stress) was elicited for the five
distal femoral Salter II fractures with lateral metaphyse-
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Fig.4a—e An 1l-year-old girl with complex physeal fracture.
a Plain radiograph only shows irregularity of the tibial spine
with a irregular vertical lucency extending inferiorly through the
epiphysis (arrows). b Coronal T2-weighted MR image shows
sagittal epiphyseal and metaphyseal fracture lines (arrows). In-
creased signal is noted adjacent to the lateral physis (black ar-
rowheads). The lateral meniscus (white arrowheads) is discoid
but intact. ¢ Sagittal T1-weighted MR image shows a coronally
oriented metaphyseal fracture line (arrows) and apparent widen-
ing of the anterior physis (arrowheads). Axial T1-weighted MR
images show d the sagittal epiphyseal fracture line (arrows) and
e the sagittal (horizontal arrows) and coronal metaphyseal frac-
ture lines (vertical arrows). The extent of physeal fracture was
unclear in this patient. The sagittal T1-weighted and GRE images
showed apparent widening of the anteromedial physis in contigu-
ity with the coronal metaphyseal fracture line; however; the coro-
nal T2-weighted image only demonstrated increased signal along
the lateral physis

al/medial physeal planes of fracture. Follow-up clinical
information was available for eight patients. Medical
management was altered in seven of these eight patients
based on the MR diagnosis or confirmation of frac-
ture (cast, n = 4; prolonged non-weight bearing, n = 2;
change to brace, n = 1).

Discussion

This study demonstrates to ability of MR to diagnose
and delineate physeal fractures of the adolescent knee.
The ability of MR to assess for occult fractures in the
adult knee and the ability of MR to assess physeal frac-
tures in the young child have both been established
[1-8]. Magnetic resonance has been shown to modify
the classification of physeal fractures significantly [1, 2,
4]. No previous studies have specifically examined MR
findings of physeal fracture in the adolescent knee.
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Two previous investigations studied the spectrum of in-
jury evident in the injured pediatric knee on MR [9,
10]. Zobel et al. [9] mention three “nonosteochondral”
fractures in a study of 104 pediatric patients, but do not
characterize the fractures. King et al. [10] do not men-
tion any nonosteochondral fractures at all in a study of
78 pediatric patients.

Physeal fractures are not uncommon. The large ma-
jority of physeal fractures in the adolescent knee are di-
agnosed by plain-film radiography, without the need for
MR. The incidence of physeal fractures identified by
MR in pediatric patients who undergo knee MR to eval-
uate traumatic injury is 2.9 % at our institution based on
this study. This number is higher than that inferred by
prior studies of pediatric knee MR. Several potential ex-
planations exist:

1. We may be diagnosing more physeal fractures by MR
because of a failure to diagnose them by plain-film
radiography.

2. Our clinical colleagues may be ordering the MR
scans to delineate suspected fractures, although this
has not been communicated to us.

3. Out patient population may be skewed to include a
higher percentage of patients involved in competitive
or contact sports, contributing to a higher fracture
rate.

4. Patient selection bias contributes, as prospective
identification of some of the fractures included in
this study prompted the investigation.

5. These fractures may have been under-diagnosed in
prior studies. Improved MR scanners and sequences
better delineate the fractures.

Evaluation of a patient with knee trauma begins with a
complete history and physical examination. Plain radio-
graphs are the initial mode of imaging. Most fractures
are grossly evident on physical examination or radio-
graphs. Careful assessment of the radiographs should
not be limited to evaluation of the bone, but should in-
clude assessment of periarticular soft tissue planes and
of joint effusion. Equivocal findings may warrant the
addition of oblique and cross-table lateral radiographs.
Non-displaced physeal fractures may be less apparent
on physical examination and subtle on radiography. In
these patients MR can be performed to elucidate a

cause for pain or to confirm and delineate a suspected
fracture. Systematic assessment of the MR images
should always include a search for findings of physeal
fracture, i.e., physeal widening, epiphyseal or metaphy-
seal fracture lines, bone marrow edema, and periosteal
elevation or disruption. Diagnosis of a fracture does
not preclude the presence of an associated ligamentous
or meniscal injury [12].

Periosteal elevation was seen in association with a
majority of the fractures in our series. According to the
orthopedic literature, although separated from the me-
taphyseal cortex, periosteum along the compression
side (side of the metaphyseal fracture in a Salter II frac-
ture) usually is intact, whereas that on the distraction
side (side of the physeal fracture in a Salter II fracture)
is frequently torn. A greater degree of elevation or dis-
placement from the underlying cortex is therefore ex-
pected on the distraction side [13]. This was true of our
patients with Salter II fractures. The ancillary MR find-
ing of periosteal elevation offers confirmatory evidence
of fracture or may prompt the search for a subtle frac-
ture not previously noted.

A limitation of this study is the acceptance of MR as
a gold standard for the presence of fracture. We believe
MR to be accurate. The ability of MR to diagnose frac-
ture is accepted [1-8]. The findings of physeal widening
and metaphyseal or epiphyseal fracture lines are diffi-
cult to dispute. Subtle plain-film findings are supportive.
On limited plain-film follow-ups the metaphyseal frac-
tures have shown signs of healing.

As seen in our patients, diagnosis or confirmation of
a fracture by MR will change management in a majority
of patients, namely, by implementation of immobiliza-
tion and non-weight-bearing. These measures serve to
relieve symptoms, promote healing, and diminish the
risk of complications (displacement, non-union, growth
arrest).

In conclusion, we present the MR findings of nine pa-
tients with physeal fractures of the knee, diagnosed or
confirmed by MR. Magnetic resonance better delineat-
ed the fractures than plain radiographs. Evaluation of
an adolescent’s knee MR should include a specific
search for findings of physeal fracture. Magnetic reso-
nance can be used to investigate questionable plain-
film bone abnormalities, offering the benefit of simulta-
neously evaluating for soft tissue injury.
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