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MR imaging of rectus femoris origin injuries

Abstract Objective: To describe the
MR imaging findings of acute and
chronic rectus femoris origin (RFO)
injuries. Materials and methods: A
retrospective review of pelvic and hip
MR imaging procedures was per-
formed over a 4-year period for
detection of cases with injuries to the
RFO. Subjects were classified as
having either acute or chronic symp-
toms. MR imaging studies, radio-
graphs, CT scans, radiology reports,
medical records, and operative notes
were reviewed. Imaging analysis was
directed to assess injuries affecting
the direct and indirect heads of the
RFO. Concurrent osseous, cartilagi-
nous and musculotendinous injuries
were tabulated. Results: The inci-
dence of RFO injuries on MR imag-
ing was 0.5% (17/3160). With the
exception of one case of anterior
inferior iliac spine apophysis avulsion
and partial tear of the direct head of

RFO, all subjects had indirect head of
RFO injuries (acute injury 8/9,
chronic injury 8/8). Partial tear of the
direct head of RFO was less fre-
quently seen (acute injury 3/9, chronic
injury 2/8). Partial tears of the con-
joint tendon were least frequent (acute
1/9, chronic 2/8). No full-thickness
tears of the RFO were noted. Asso-
ciated labral tears were seen in only
one case, with no other concomitant
abnormality of the articular cartilage
or surrounding soft tissues. All RFO
injuries were treated non-operatively.
Conclusion: Injuries of the RFO are
uncommon on MR examinations of
pelvis/hips and may occur in a se-
quence progressing from indirect head
injury to involvement of direct head
and conjoint tendon in more severe
cases.
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Introduction

The rectus femoris muscle is a component of the quadri-
ceps musculature in the anterior thigh. Proximally, the
rectus femoris muscle has two discrete attachments
described as the direct and indirect heads (Fig. 1). The
direct head of the rectus femoris originates from the
anterior inferior iliac spine just cranial to the hip joint.
The indirect head also known as the reflected head,
originates from the anterior-lateral aspect of the acetabu-
lum and the hip joint capsule [1]. The two heads form a
conjoined tendon around 2 cm distal to their origin.

The rectus femoris is the most commonly injured muscle
of the quadriceps muscle group [2]. Myotendinous strain
injuries to the rectus femoris muscle are common and have
been previously described [2–6]. Limited reports are
available on magnetic resonance (MR) imaging of injuries
affecting the direct head of RFO [1, 2, 7], and no study
describes the MR imaging features of injuries affecting the
indirect head of RFO. To our knowledge, the present study
is the first to specifically evaluate the MR imaging
appearance of injuries affecting the direct and indirect
heads of RFO. In this article, we report our experience with
imaging of acute and chronic RFO injuries in a retro-
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spective analysis of MR imaging studies of pelvis and hip
performed at our institution.

Materials and methods

This study was approved by the Institutional Review Board
with exemption status for individual informed consent. A
retrospective search was performed using Boolean opera-
tors [8] in reports generated for 3,160 consecutive cases of
pelvis and hip MR imaging studies obtained at our
institution from 2002 to 2005. Of these examinations,
13% were MR arthrographic studies (410/3,160). The
reports were searched with a standard keyword subroutine
(Folio, Camberly Systems, Cambridge, MA) for the words
“rectus” and “femoris”. Imaging studies and reports,

medical records and operative notes were reviewed in all
cases.

Subjects were clinically classified as either having acute
or chronic hip pain. Previously asymptomatic subjects who
experienced sudden hip pain at a definable moment were
classified as acute injuries. All other patients, including
those with longstanding hip pain, were classified as chronic
injuries. For subjects with acute injuries, the time interval
between acute event and MR imaging was tabulated.

MR imaging of pelvis and hip was performed on 1.5-T
scanners (Signa LX, GE Medical Systems, Milwaukee,
WI; and Sonata, Siemens Medical Systems, Erlangen,
Germany), employing routine imaging protocols that
included sagittal fat-suppressed proton density [repetition
time (TR) 2850 ms, time to echo (TE) 20 ms, number of
excitations (NEX) 2, matrix192×390, slice thickness 4 mm,

Fig. 1 Normal MR anatomy
of the proximal right rectus
femoris in a 51-year-old woman.
a Axial fat-suppressed T2-
weighted image from an MR
arthrogram demonstrates the or-
igin of the direct head (large
arrow) from the anterior inferior
iliac spine and of the indirect
head (small arrow) from the
superior ridge at the anterolat-
eral aspect of the acetabulum.
b Slightly caudally, the two
heads converge to form the
conjoined tendon, with the di-
rect head fibers superficial
(large arrow) and the indirect
head fibers deep (small arrow).
c, d Coronal T1-weighted im-
ages demonstrate the proximal
indirect head (c, small arrow)
and the direct head (d, large
arrow) at their origins. Note the
close proximity of the indirect
head to the joint capsule, which
is distended with intra-articular
contrast medium. (IP iliopsoas
muscle, R rectus femoris
muscle, SA superior)
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field of view (FOV) 36 cm], coronal short-tau inversion
recovery (STIR) (TR 4000 ms, TE 48 ms, NEX 2, matrix
192×320, slice thickness 4 mm, FOV 36 cm), coronal T1-
weighted (TR 400 ms, TE 12 ms, NEX 2, matrix 192×384,
slice thickness 4 mm, FOV 36 cm), axial proton density
(TR 2500 ms, TE 17 ms, NEX 2, matrix 192×512, slice
thickness 3 mm, FOV 36 cm) and axial fat-suppressed T2-
weighted (TR 3500 ms, TE 50 ms, NEX 2, matrix
192×320, slice thickness 3 mm, FOV 36 cm) pulse
sequences. Imaging protocols for MR arthrography
included coronal T1 (TR 700 ms, TE 12 ms, NEX 3,
matrix 192×320, slice thickness 4 mm, FOV 16 cm),
coronal and sagittal fat-saturated T1-weighted (TR 700 ms,
TE 12 ms, NEX 3, matrix 192×384, slice thickness 4 mm,
FOV 16 cm), axial proton density (TR 1900 ms, TE 25 ms,
NEX 4, matrix 192×384, slice thickness 4 mm, FOV
16 cm) and axial fat-suppressed T2-weighted (TR 5000 ms,
TE 50 ms, NEX 3, matrix 192×384, slice thickness 4 mm,
FOV 16 cm) pulse sequences. MR arthrographic images
were obtained after intra-articular administration of
approximately 10 ml of contrast material solution. The
solution was made by mixing 50 ml of normal saline with
0.4 ml of gadopentetate dimeglumine (Magnevist, Berlex,
Montville, NJ). Ten milliliters of this solution was then
mixed with 5 ml of 61% iopamidol (Isovue-M 300, Bracco
Diagnostics, Princeton, NJ) and 5 ml of 1% lidocaine. CT
scan imaging was performed of GE Lightspeed 16 slice
platforms using standard departmental protocol (FOV
16 cm, slice thickness 2.5 mm, image spacing 2.5 mm,
pitch 0.938, KVP 140, auto MA, bone algorithm).

MR imaging interpretation of subjects with RFO injury
was performed in consensus by two experienced muscu-
loskeletal radiologists (H.O., M.T.). The MR imaging
criterion for complete tear of RFO was non-visualization of
tendinous structure or presence of full-thickness disconti-
nuity with fluid signal intensity (SI) on T2-weighted
images. The criterion for partial tear detection was fluid-
like hyperintense SI partially disrupting the tendon on T2-
weighted images (Fig. 2). On MR arthrography, identifying
intra-articular contrast material partially (partial tear) or
completely (complete tear) transecting the indirect head of
RFO was used as additional criterion (Fig. 3). The criterion
for RFO strain was increased SI (lower than fluid SI) on
T2-weighted imaging without tendon disruption. MR
imaging criteria for avulsion fracture included hypointense
linear abnormality on T1-weighted imaging in bone
underlying RFO, and visualization of osseous fragment
and donor site (Fig. 4). MR imaging criteria for chronic
injury included wavy appearance and thickening of a
tendon (Fig. 5). Detection of mineralization in a tendon
visualized as globular hypointense area on both T1- and
T2-weighted MR images was also used as criterion for
chronic injury (Fig. 6). Twelve radiographs and three CT
scans were available and analyzed for the presence of
heterotopic ossification at the RFO.

Data on population age, gender, history, injury location
and grade of injury were tabulated. Injuries to the indirect
and direct heads of RFO were analyzed. Injuries involving
the junction of direct and indirect heads were also recorded.
MR imaging data on associated injuries including bone

Fig. 2 A 35-year-old man with acute partial tears of the indirect
head, direct head, and confluence of the proximal rectus femoris.
a Axial fat-suppressed T2-weighted image demonstrates attenua-
tion of the indirect head at its origin with surrounding fluid (large
arrow). There is thickening and increased signal within the direct
head (small arrow). b Axial fat-suppressed T2-weighted image

shows thickening and increased signal at the confluence of the
indirect and direct heads (arrow) with adjacent edema. c Coronal
inversion recovery image at the level of the anterior inferior iliac
spine shows thickening and intrinsic signal abnormality of the
proximal direct head (arrow)
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contusions, acetabular labral tear, hip articular cartilage
defect and other musculotendinous injuries were acquired.

Results

Seventeen subjects were found to have RFO injuries. The
incidence of RFO injury on MR imaging in our series was
0.5% (17/3,160). The average age of the subjects was
47 years (range 14–78 years) at the time of MR imaging.
Seven patients were female and 10 were male. Fifty-three
percent (9/17) had an acute injury. There were eight injuries
involving the right RFO and nine involving the left. No
subject had documented bilateral RFO injuries. Most
subjects had an injury to the indirect head of the RFO
(94%, 16/17) predominantly representing partial tears

(75%, 12/16). Five subjects had a partial tear of the direct
head of the RFO (29%, 5/17). No full-thickness tears of the
RFO were noted.

Nine subjects met our clinical criteria for acute injury
(Table 1). The average age of patients with acute injury was
47 years (range 14–76 years). Six subjects were male and
three were female. The average time from injury to MR
imaging was 17 days (range 1–58 days). There was clinical
suspicion of injury to the direct head of RFO in two cases.
The finding of indirect head of RFO injury was clinically
unsuspected in all cases. Eighty-nine percent of acutely
injured patients (8/9) had an injury to the indirect head of
the RFO. The only acutely injured patient with an intact
indirect head had an avulsion of the anterior inferior iliac
spine and partial tear of the direct head of RFO. Two other
acutely injured patients also had partial tears of the direct

Fig. 3 A 28-year-old man
with acute partial-thickness tear
of the indirect head of the left
rectus femoris at its origin from
the anterolateral aspect of the
acetabulum and the superolater-
al joint capsule. a Axial fat-
suppressed T2-weighted image
from an MR arthrogram dem-
onstrates partial disruption
of the tendon with T2 hyper-
intensity and enlargement
(arrow). b Coronal fat-
suppressed T1-weighted image
shows extension of intra-
articular gadolinium into the
partially torn indirect head
(arrow)

Fig. 4 A 14-year-old boy
with acute avulsion of the
apophysis of the left anterior
inferior iliac spine. a Coronal
T1-weighted image shows
an avulsed fragment of the
apophysis (arrow) with hypoin-
tense hematoma interposed
between the fragment and the
adjacent bone. b Axial fat-
suppressed T2-weighted image
demonstrates large hematoma
(arrow) in the expected location
of the proximal direct head of
the rectus femoris
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head of the RFO. Two patients had mineralization of RFO
seen only on radiographs. One subject had mineralization
of RFO on both radiographs and CT scans. Despite
presenting with acute symptoms, two subjects showed MR
imaging findings suggesting chronic injury of RFO
(Table 1).

Eight subjects had chronic hip pain (Table 2). The
average age in this category was 53 years (range 16–
78 years). Four subjects were male and four female. All
patients in this category had injuries to the indirect head of
the RFO. Two patients with chronic symptoms also had
injuries to the direct head and conjoint tendon. Two
patients had mineralization of RFO on radiographs.

Two cases of RFO injuries were diagnosed on MR hip
arthrogram. In both instances, intra-articular gadolinium
leakage was visualized partially extending through the
indirect head of RFO, suggesting partial tear of the indirect
head and associated superior capsular injury. Labral tears
were noted in only one case with no other concomitant
abnormality of the articular cartilage or surrounding soft
tissues. All RFO injuries were treated non-operatively.

Discussion

The rectus femoris is the most frequently injured muscle of
the quadriceps group. The rectus femoris is particularly
susceptible to injuries because it spans two joints (hip and
knee) [1], with injuries being particularly common in
kicking sports such as soccer [2].

The biomechanics of kicking has been well described
[9]. In the final portion of the backswing phase, the hip is
hyperextended and the knee is flexed, leading to stretching
of the quadriceps muscle. At the onset of the forward
swing, there is massive eccentric muscular recruitment of
the quadriceps and iliopsoas muscles. Forceful muscular
contraction in a stretched quadriceps muscle may lead to
sprain and tear, affecting most likely the rectus femoris due
to its bi-articular span [4, 9]. In our study, one subject with
partial tear of the indirect head of the RFO experienced
sudden hip pain during a tae-kwon-do kicking exercise. A
second subject with avulsion of the anterior inferior iliac
spine experienced sudden pain when kicking during soccer
practice.

Although injuries to the rectus femoris muscle and
myotendinous junction are common, injuries to the RFO
are unusual [1]. In our study, the incidence of RFO injury
seen on pelvis and hip/hip arthrogram MR imaging was
0.5% (17/3160).

Injuries to the direct head of RFO are thought to be more
common than injuries to the indirect head of RFO [2].
However, this is based on case reports using radiographs
and CT scans to demonstrate avulsion fractures [7, 10].
Furthermore, very few reports are available on MR
imaging of injuries affecting the direct head of RFO. A
prior report demonstrated a case of high SI on T1-weighted
imaging at the direct head of RFO, suggesting a full-
thickness tear with mild retraction [1]. Another report
demonstrated MR imaging features of avulsion fracture of
the antero-inferior iliac spine at the direct head origin [2].
No study describes the magnetic resonance (MR) imaging
features of injuries affecting the indirect head of the RFO.

Our data are in contrast with those of prior studies using
radiographs and CT in which injuries to the direct head
were more frequent and thought likely to occur in isolation
without indirect head injury [2, 7, 10]. In cases of acute
injury, the indirect head of RFO was injured in almost all
subjects (8/9). The only patient with an intact indirect head
of RFO was a soccer player with avulsion of the anterior
inferior iliac spine apophysis and partial tear of the direct
head of RFO. One patient had partial tear of both the
indirect and direct heads of RFO without injury to the
conjoint tendon. One patient had a partial tear of the indirect
head, direct head and conjoint tendon. Although avulsion
fractures may occur at the direct head origin and can be
identified on radiographs or CT [7, 10], this discrepancy
could be partially explained by the improved sensitivity of
MR imaging of soft tissue injuries, enabling better overall
assessment of the RFO. In fact, our data presented in

Fig. 5 A 63-year-old woman with chronic injury of the indirect
head of the left rectus femoris. Axial proton density-weighted image
demonstrates thickening and redundancy of the indirect head
(arrow), with a wavy contour extending to the confluence with
the direct head (c)
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Table 1 suggest a progression of acute injury, starting with
the indirect head of RFO, progressing to the direct head and
eventually affecting the conjoint tendon in more severe
cases.

Of the nine patients who met our clinical criterion for
acute injury, three had mineralization at the expected
location of the RFO (Table 1). The discordance between
the acuity of clinical symptoms and the imaging findings of
chronicity in three of the patients in this group requires
further elucidation. Subject 1 had mineralization at the
RFO and met our MR imaging criterion for chronic injury.
We suspect that this subject had prior injury to the indirect
head of RFO, which may not have been injured acutely and
not have been the source of acute pain. Subject 8 had
mineralization at the RFO, but met the MR imaging
criterion for acute tears of the indirect head, direct head and
conjoint tendon. We suspect that this patient had an acute

injury superimposed on a chronic injury of RFO. Lastly,
subject 9 had mineralization at the RFO likely because
imaging was performed 32 days after initial injury. Subject
9 met the MR imaging criteria for old injury because of the
presence of low-intensity mineralization in the RFO.

In the category of subjects with chronic symptoms, all
patients had injury to the indirect head of RFO (8/8). Two
subjects also had injury to the direct head and conjoint
tendon. Our data in the chronic injury population further
supports the concept that RFO injuries occur at the indirect
head first and progress to involve the direct head and
eventually the conjoint tendon of the RFO in more severe
cases.

No patients had avulsion fractures at the attachment site
of the indirect head. The indirect head of the RFO
originates both from the anterior lateral aspect of the
acetabulum and the hip joint capsule. Of interest, two cases

Fig. 6 A 49-year-old man with
chronic rectus femoris rupture.
a Anteroposterior radiograph of
the right hip demonstrates ossi-
fication throughout the length of
the proximal rectus femoris
tendon (arrows). b–d Axial
proton density-weighted (b, c)
and fat-suppressed T2-weighted
(d) images show full-thickness
tear of the proximal tendon with
heterotopic ossification expand-
ing the tendon sheath visualized
as heterogeneous hypointense
signal (arrows)
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with partial tear of indirect head of RFO were seen on MR
arthrography (2/17). In both cases, intra-articular gadolin-
ium leakage was visualized partially transecting the
indirect head of RFO, suggesting associated superior
capsular injury. Because of its capsular attachment, it is
possible that there is a high association between indirect
head of RFO tears and superior capsular rupture.

RFO injuries are likely to be missed on radiographs
unless there is heterotopic bone formation suggesting
chronic injury, or an avulsion fracture has occurred [1]. In
our study, 12 of the 17 subjects (71%) had radiographs of
the hip, and 5 of these 12 (42%) showed mineralization in
the expected location of the RFO consistent with chronic
injury. The remaining 7 subjects (58%) showed no
evidence of injury to the RFO. CT scan correlation was
available in a limited subset of patients (3/17, 18%), of
which only one case of chronic injury was detected. These
findings underscore the importance of MR imaging in
detecting RFO injuries in the acute setting.

Most patients with RFO injuries are treated conserva-
tively. In cases of antero-inferior iliac spine apophysis
avulsion, a short period of bed rest followed by a period of
progressive weight bearing with crutches is recommended
[11]. In some cases in which conservative treatment is not

successful, operative treatment such as reattachment sur-
gery can be performed [12]. In our study, all subjects were
treated non-operatively.

One limitation of our study was the small sample size.
Only 17 subjects with MR imaging of RFO injuries were
available. Only 12 subjects had radiographs and 3 had CT
correlation. Another limitation was the retrospective nature
of this study, which could affect our reported incidence, as
a few positive cases may have been undiagnosed.
Furthermore, our incidence refers to detection of RFO
pathology in patients undergoing MR imaging of pelvis
and hip and hip arthrography, which may not reflect the
true incidence of this injury in elite or competitive athletes.
The activities that produced acute symptoms are tabulated
in Table 1. Amongst those in the chronically symptomatic
group, there were no elite/or competitive athletes. Lastly,
surgical confirmation for injury of RFO, labral tear or
cartilage abnormalities could not be obtained.

In conclusion, injuries affecting the RFO are uncommon
in MR examinations of pelvis and hips in a general
population. Our study suggests a progression of acute
injury affecting the indirect head of RFO first, progressing
to the direct head and eventually the conjoint tendon in
more severe cases.

Table 2 Demographic and imaging data of patients with chronic symptoms and RFO injuries

Patient Age (years) Gender Side Indirect head Direct head Conjoined tendon Other imaging Mineralization

10b 16 Female Left Partial tear Partial tear Partial tear None None
11 78 Male Left Partial tear Normal Normal Radiographs None
12 60 Male Right Partial tear Normal Normal Radiographs None
13a 63 Female Left Partial tear Normal Normal Radiographs / CT None
14 52 Female Left Strain Normal Normal None None
15a 49 Male Right Partial tear Partial tear Partial tear Radiographs Yes
16 35 Female Left Partial tear Normal Normal None None
17a 71 Male Left Partial tear Normal Normal Radiographs Yes
aLabral tear
bMR imaging of appearance of chronic injury

Table 1 Demographic and imaging data of patients with acute symptoms and RFO injuries

Patient Age (years) Gender Activity Time to
imaging (days)

Side Indirect head Direct head Conjoined
tendon

Other imaging Mineralization

1a 30 Female Sleep 1 Right Partial tear Normal Normal Radiographs Yes
2 29 Male Kicking 58 Left Partial tear Normal Normal Radiographs None
3 56 Male Fall 1 Left Strain Normal Normal Radiographs None
4 60 Female Sit-ups 7 Left Strain Normal Normal Radiographs None
5 76 Male Fall 22 Right Strain Normal Sprain Radiographs / CT None
6b 14 Male Kicking 31 Left Normal Partial tear Normal None None
7 35 Male Sleep 1 Right Partial tear Partial tear Normal None None
8 68 Female Unknown 1 Left Partial tear Partial tear Partial tear Radiographs / CT Yes
9a 52 Male Lifting 32 Left Partial tear Normal Normal Radiographs Yes
aMR imaging appearance of chronic injury (see Discussion)
bAvulsion fracture
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