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Purpose: To provide an overview of magnetic resonance 
(MR) imaging findings related to quadratus femoris mus-
cle (QFm) pathologies in symptomatic patients.
Material and Methods: MR imaging studies from 51 pa-
tients, who were retrospectively recruited within a 2-year 

period, in 5 health care centers were reviewed. Inclusion 
criteria included: (i) hip pain; (ii) QFm abnormal signal; 
(iii) identification of other pathology in the QFm anatomi-
cal area. Exclusion criteria included: (i) other symptomat-
ic hip/pelvic pathology; (ii) incomplete MR examination. 
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1. Introduction
Owing to its multifactorial nature, causative depiction of 
hip and groin pain presents a diagnostic challenge [1]. Re-
cent advances in MR imaging provide superb characterisa-
tion of soft-tissue pathology and elegant depiction of deep-
ly located structures. These features, combined with the 
progress in our understanding of hip joint pathology, al-
low for a comprehensive assessment of hip pain and im-
proved diagnosis. Lesions of the quadratus femoris muscle 
(QFm) have been infrequently reported in the literature [2-
6]: these include partial tears and exercise-induced oede-
ma and impingement, a condition known as ischiofemo-
ral impingement syndrome (IFIs). MR imaging findings of 
these conditions do not differ significantly and are usually 
subtle; thus careful analysis of the pattern of muscular and 
myotendinous involvement, as well as detailed assessment 
of the surrounding structures, are essential for accurate dif-
ferential diagnosis [5]. Additionally, abnormal signal inten-
sity of the QFm can be observed in asymptomatic individu-
als, including elite athletes [7, 8]. 

Clinical tests are non-specific regarding the diagnosis of 
QFm pathology, which may be difficult to differentiate from 
intra-articular or other extra-articular causes of hip pain, 
solely on clinical grounds. It has been suggested that symp-
toms of impingement can be reproduced during a combina-
tion of hip extension, adduction and external rotation [7] or 
during flexion, abduction and internal rotation [8]. 

Herein, we provide a holistic overview on the MR imag-
ing findings related to pathological conditions affecting the 
QFm in patients with a painful hip. This study provides the 
first comprehensive assessment of secondary causes affect-
ing the QFm with respect to regional anatomy and the pat-
tern of QFm involvement. 

2. Material and Methods

2.1 Patients 
This is a case control study conducted according to the prin-
ciples of the Helsinki Declaration. Ethical committee ap-
proval was obtained together with the written informed 
consent of all patients prior to each MR examination. Pa-
tients were recruited retrospectively within a two-year pe-
riod, in two tertiary health care centers and three major 
private practice centers, in three countries (Greece, Cyprus 
and South Africa). Inclusion criteria comprised: (i) hip pain, 
(ii) presence of QFm abnormal signal intensity and (iii) iden-
tification of other pathology in the anatomical area of QFm 
on MR imaging studies potentially related to pain. Exclu-
sion criteria included: (i) evidence of other hip/pelvic and/
or lumbar spine pathology on MR imaging related to pain 
and (ii) incomplete MR imaging examination (regarding the 
protocols described in paragraph 2.2 as a reference). Ac-
cording to the above criteria the study group comprised 51 
patients (13 males, 38 females; age range 13-73 years; mean 

The presence/location of QFm oedema and configuration 
of QFm fibers were evaluated and classified. Hamstring ten-
dons were assessed for tendinosis/tear. Ischiofemoral im-
pingement syndrome (IFIs) was indicated by QFm oedema 
and restriction of ischiofemoral space (IFS)/quadratus fem-
oris space (QFS). QFm tears were categorised as complete/
partial/chronic. Fisher’s exact test was used for statistical 
analysis. 
Results: IFIs diagnosis, related to various aetiologies, was 
suggested in 39 patients. The absence of severe QFm oede-
ma and crowded configuration of QFm fibers correlated 
with IFIs diagnosis (p<0.05). In 18/39 (46.2%) of patients, 

restriction of the IFS/QFS was due to an underlying pathol-
ogy. QFm tears were diagnosed in 5 patients. QFm oedema, 
usually mild, located at the myotendinous junction, was re-
vealed in 4/5 patients. In 7 patients various pathologies re-
lated to the QFm were disclosed, which broadly included ne-
oplastic disorders, myositis and bursitis.
Conclusions: MR imaging can depict and characterise 
various QFm pathologies including IFIs, traumatic le-
sions, myositis and neoplastic disorders.  Detailed analysis 
of the oedema pattern and the configuration of muscular 
fibers matched with clinical findings can lead to precise 
diagnosis.
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age 44.3 years; standard deviation (SD) 17.6).
Anonymised demographic information such as age, sex, 

level of physical activity and history of previous trauma 
were collected from the medical database. The MR imaging 
findings were correlated with the clinical diagnosis, as in-
dicated on the medical report. Follow-up MR imaging stud-
ies and other imaging investigations which were available 
for 4 and 9 patients respectively were evaluated. Regarding 
the detected osseous and soft-tissue neoplastic lesions, fi-
nal diagnosis was achieved by image guided needle biopsy 
or open incisional or excisional biopsy in cases where im-
aging findings were not pathognomonic.

2.2 Imaging technique 
MR imaging examinations were performed on two 3 T and 
three 1.5 T MR scanners (Siemens Vision 1.5 T, Siemens 
Avanto 1.5 T, Siemens Aera 1.5 T, and Philips Achieva 3.0 T) 
using a phased array pelvic coil. All patients were scanned 
in the supine position. No specific precaution was applied 
regarding rotation of the lower limbs. The pelvic/hip MR 
protocol consisted of axial and coronal T1-weighted (w) tur-
bo spin-echo (TSE), coronal T1-w turbo inversion recovery 
(STIR), axial fat suppressed (FS) proton density (PD)-w/
T2-w TSE or STIR and small field of view FS PD-w sequences 
for the symptomatic side. Contrast-enhanced FS T1-w TSE 
images in multiple planes were obtained in selected cases, 
based on the findings on conventional sequences. Fat sup-
pression was achieved with spectral presaturation.

2.3 Image analysis
MR images were reviewed by five experienced musculoskel-
etal radiologists and the diagnosis was based on well estab-
lished criteria [5, 8-11]. Oedema of the QFm was defined as 
increased signal intensity on fluid sensitive (FS PD-w/T2-w 
or STIR) sequences and its extent was categorised accord-
ing to a previously published classification system [9, 11]: 
(i) mild, when affecting <50% of the muscle; (ii), moderate, 
when involving ≥50% of the muscle and (iii) severe, when 
extending to surrounding soft tissues. In patients with mild 
or moderate QFm oedema, its location was further catego-
rised as (i) within muscle belly or (ii) at the myotendinous 
junction. The configuration of QF muscular fibers was as-
sessed on axial T1-w and secondarily on axial FS PD-w/T2-w 
images [4] and was categorised as (i) normal; (ii) partially 
disrupted; (iii) completely disrupted or (iv) crowded. QFm 
fatty replacement was indicated by the presence of linear or 
globular fat signal intensity on T1-w images between mus-

cle fibers. Hamstring tendon attachment was also evaluat-
ed for the presence of tendinosis/chronic avulsion which 
was defined as increased signal intensity on fat suppressed 
PD/T2-w or STIR sequences, or tear/avulsion indicated by 
fluid-like increased signal within the tendon or at its ischi-
al insertion. In addition, the QFm region was examined in 
detail for the presence of space-occupying lesions, or other 
symptoms-related pathology. Axial T1-w images were used 
to obtain the ischiofemoral space (IFS) and quadratus femo-
ris space (QFS) dimensions. IFS was defined as the minimum 
distance between the lateral cortex of the ischial tuberosi-
ty and the medial cortex of the lesser trochanter, whereas 
QFS represented the minimum distance between the supe-
rolateral surface of the hamstring tendons and the poster-
omedial aspect of the iliopsoas tendon or lesser trochant-
er (Fig. 1). A cut-off value of ≤17 mm and ≤8 mm, regarding 
IFS and QFS distance respectively, was considered abnor-
mal [11]. Bone marrow oedema was categorised as present 
or absent and its location was recorded.

IFIs was suggested by the presence of QFm oedema to-
gether with abnormally narrowed IFS and/or QFS matched 
with ipsilateral hip pain [9, 11]. Partial QF tears represent-
ed focal fluid-like increased signal intensity within the mus-
cle or its tendon with partial disruption of the muscular or 
tendinous fibers, while complete tears were defined as flu-
id-like increased signal areas with complete disruption of 
the muscular or tendinous fibers [11]. Special attention was 
given to patients with oedema located at the QF myotendi-
nous junction in order to differentiate between impinge-
ment and muscular strain, by correlating the configuration 
of QF muscular fibers on axial T1-w and a positive history 
of recent trauma [6]. Chronic tears were indicated by the 
inability to identify QFm. In patients with unilateral symp-
toms, imaging findings of the asymptomatic, contralater-
al side were recorded.

2.4 Statistical analysis
For the statistical analysis, SPSS v22 was utilised. Standard 
descriptive results were expressed as mean ± SD. The sig-
nificance of the relationship between parameters was as-
sessed with Fisher’s exact test and a p-value less than 0.05 
was considered statistically significant.

3. Results

3.1 Patient data
Unilateral symptoms were reported in 37 patients (14 left 
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sided, 23 right sided) and bilateral symptoms in 14. Twelve 
patients were scanned on 3T and 39 on 1.5 T MR scanners.

3.2 MR imaging findings 
Imaging findings related to IFIs were identified in 39 pa-
tients (9 males, 30 females; age range 13-73 years; mean age 
44.1 years; SD 17.7). Sixteen patients exhibited right and 
9 left sided pain, while 14 patients complained of bilater-
al symptoms. No patient reported a history of recent trau-
ma and all had an ordinary level of physical activity, with 
the exception of 1 track athlete, 2 ballet dancers and 1 elite 
long jump athlete. MR imaging revealed oedema within the 
muscle belly, which was categorised as mild (n=31), moder-
ate (n=4) or severe (n=4) (Fig. 2) and abnormally narrowed 
IFS (n=39) and/or QFS (n=23). The absence of severe QFm 
oedema correlated significantly with the diagnosis of IFIs 
(p<0.05). The configuration of QF muscular fibers was cate-
gorised as normal (n=10) or crowded (n=29). The latter cor-
related significantly with the diagnosis of IFIs over an alter-
native QFm pathology (p<0.05) (Figs. 1-3). The site where 
the major disorganisation of muscular fibers on T1-w imag-

es matched the site of the most pronounced oedema indi-
cated the point of maximum impingement (Figs. 2, 3). Fatty 
degeneration of the QFm with superimposed mild oedema 
was observed in one case. A wide spectrum of underlying 
processes implicated in the pathogenesis of IFIs was detect-
ed (Figs. 4, 5). In 18/39 (46.2%) patients restriction of the IFS 
and/or QFS was related to an acquired aetiology. The im-
aging findings, related aetiologies and demographic data 
in patients with IFIs are demonstrated in Table 1. In 7 pa-
tients with unilateral symptoms, MR imaging revealed re-
striction of the IFS/QFS with (n=4) or without QFm oedema 
(n=2) and a QFm lipoma (n=1) on the contralateral, asymp-
tomatic side.

A diagnosis of QFm tear was suggested in 5 patients (2 
males, 3 females; age range 16-67 years; mean age 39.4 
years; SD 20.9). All patients complained of unilateral symp-
toms (1 left sided, 4 right sided) and 4/5 indicated a history 
of recent trauma (up to 6 months). One patient had a grade 
I injury, 3 were diagnosed with grade II partial tears, while 
in 1 patient with chronic hamstring tendinopathy and re-
stricted IFS and QFS, a chronic QFm tear was suggested (Fig. 

MR imaging findings related to quadratus femoris muscle pathology, p. 1-11

Fig. 1. Axial T1-w MR image showing how the measurements are performed. IFS,  ischiofemoral space measuring 25 mm; QFS, 
quadratus femoris space measuring 19 mm; LT, lesser trochanter; I, ischium; HSt, hamstring tendon.
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6). MR imaging revealed QFm oedema in 4/5 patients, clas-
sified as mild (n=3) or severe (n=1). In patients with mild 
oedema, it was located at the myotendinous junction, either 

at the ischial (n=1) or femoral (n=2) attachment, while in the 
patient with partial tear and diffuse oedema, disruption of 
the femoral insertion fibers was identified. The 1-year fol-

MR imaging findings related to quadratus femoris muscle pathology, p. 1-11

Fig. 2. A 45-year-old female with right posterior hip pain. Axial T1-w (left) and fat suppressed PD-w (right) MR images show nar-
rowing of the ischiofemoral and quadratus femoris space together with crowding and oedema of quadratus femoris fibres (ar-
rows). Oedema indicates the site of maximum impingement. IFS, ischiofemoral space; QFS, quadratus femosis space. F, femur; LT, 
lesser trochanter; I, ischium. 

Fig. 3. A 43-year old woman with left hip pain. Axial fat sup-
pressed PD-w MR image depicts derangement and oedema (ar-
row) of the fibers of the left quadratus femoris muscle. Also 
note tendinosis involving the hamstrings’ ischial insertion 
(oval). F, femur; I, ischium.

Fig. 4. Various causes of quadratus femoris muscle patholo-
gy. A 26-year-old male with right hip and groin pain (upper 
and lower left). Coronal T1-w (upper left) and axial STIR (low-
er left) MR images show an osteochondroma (arrows) just cra-
nial to the lesser trochanter. A 25-year-old female with left pos-
terior hip pain and an aneurysmal bone cyst of the ischial bone 
(right). Axial fat suppressed PD-w MR image showing the ex-
pansile lesion of ischial bone (arrow) causing narrowing of the 
ischiofemoral and quadratus femoris spaces and severe quad-
rates femoris muscle oedema (open arrow).
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low up MR imaging study in 1 patient with partial QFm tear 
demonstrated complete resolution. Imaging findings and 
demographics in patients with QFm tears are depicted in 
Table 2.

In the remaining 7 patients (2 males, 5 females; age range 
20-67 years; mean age 47 years; SD 16.9) with unilateral 
symptoms (4 left sided, 3 right sided) various pathologies 
related to the QFm were disclosed with MR imaging. One 
patient was involved in high level physical activity (foot-
ball player) and 2/7 indicated a history of recent (up to 6 
months) trauma. MR imaging revealed QFm oedema in all 
cases, either mild located in the muscle belly (n=3) or se-
vere (n=4). Narrowing of the IFS/QFS was not identified in 
any of these patients. Pathologies broadly included neoplas-
tic disorders, myositis ossificans and bursitis (Fig. 7). The 
9-month follow up MR imaging study in a patient with QF 
muscle myositis ossificans documented complete resolu-
tion of abnormal findings while the 1-year follow up MR 
imaging study in a woman with lesser trochanteric bursi-
tis and a history of breast cancer documented stability. The 
various pathologies related to QFm, imaging findings and 
demographics are shown in Table 3.

 
4. Discussion 
The present study describes the MR imaging findings in 
pathological conditions affecting the QFm, in patients with 
hip pain. The most common pathologies included IFIs fol-
lowed by QFm tears and various conditions affecting the 
QF muscle. In all patients with IFIs, QFm oedema was locat-
ed in the muscle belly and crowding of the muscular fibers 

MR imaging findings related to quadratus femoris muscle pathology, p. 1-11

Fig. 6. Axial fat suppressed PD-w MR images in a 16-year-old male with a recent football injury (left), in a 41-year-old male with 
right hip pain and sciatica following trauma (middle) and axial fat suppressed T2-w image in a 22-year-old female with right hip 
pain following trauma (right) show quadratus femoris muscle strain grade I (left, arrow) with minor focal oedema within obtura-
tor externus muscle (*), grade II (middle) quadratus femoris muscle tear (arrow) with fluid surrounding the sciatic nerve (oval), 
and grade II (right) quadratus femoris muscle tear (arrows). F, femur; I, ischium.

Fig. 5. A 28-year-old male with right hip pain. Axial T1-w (up-
per), fat suppressed T2-w (middle) and fat suppressed contrast 
enhanced T1-w (lower) MR images showing a parosteal chon-
droma (arrows) and diffuse oedema and enhancement within 
the quadratus femoris muscle (open arrows).
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was depicted. The absence of severe QFm oedema and the 
crowded configuration of muscular fibers correlated signif-
icantly with the diagnosis of IFIs. QFm tears were charac-
terised by the presence of oedema, either diffuse or located 
at the myotendinous junction together with fluid collec-
tions replacing the torn muscular fibers. Finally, various 
pathologies affecting the QF anatomic area were disclosed 
in 13.7% of the study population, associated with QFm oede-
ma, which was severe in most of the cases, without restric-
tion of the IFS/QFS. 

QFm belongs to the small muscles of the pelvis and it pri-
marily serves as one of the external hip rotators [12]. Ow-
ing to its location between closely opposed bony structures 
and involvement in a wide spectrum of ordinary and high 
level physical activities, it is particularly prone to entrap-
ment-impingement and injury [5, 8, 13]. In addition, vari-
ous lesions stemming from the osseous or soft-tissue sur-

rounding structures may extend to the QF anatomic region, 
resembling primary pathology. Despite its vulnerability to 
impingement, injury or secondary involvement, patholog-
ical conditions affecting the QFm have been infrequently 
reported [2-6].

Compared to other modalities, MR imaging represents 
the method of choice regarding the evaluation of QFm, 
mainly due to its deep location and small size. Due to the 
regional anatomy, axial images provide better assessment 
while coronal and sagittal planes may offer additional in-
formation depending on the underlying pathology [5, 14]. 
In accordance, we found axial FS PD-w/T2-w and STIR imag-
es particularly helpful for targeting the pathology whereas 
axial T1-w images were ideal for the evaluation of crowding 
of the muscular fibers, a finding that served as a differential 
diagnostic clue, favouring the diagnosis of impingement [5].

IFIs has been mainly related to congenital narrowing of 

Fig. 7. A 20-year-old male with persistent left posterior hip pain following trauma 2 months prior to imaging. The anteroposteri-
or pelvic radiograph (upper left) shows soft tissue ossification (oval). Corresponding axial CT image (upper middle) shows multi-
ple intramuscular foci of new bone formation (arrows). Axial fat suppressed T1-w post contrast (upper right), coronal T1-w (low-
er left) and STIR (lower right) images show diffuse enhancement, enlargement and inhomogeneous oedema of the left quadratus 
femoris muscle (arrows). Overall appearance and reduction of size and symptoms resolution on follow up are diagnostic of my-
ositis ossificans.  

MR imaging findings related to quadratus femoris muscle pathology, p. 1-11
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the IFS and/or QFS [3, 5, 9, 11, 13, 15] and it is held that a cut-
off value of ≤ 17 mm and ≤ 8 mm, regarding IFS and QFS di-
mension respectively, can differentiate patients with IFIs 
from normal subjects with a sensitivity of 83% and a spec-
ificity of 82% [11]. Conversely, IFS narrowing may occur in 
several acquired conditions, which have been described 
mainly in case reports [16-20]. Herein, in 46.2% of patients 
with IFIs, restriction of the IFS and/or QFS was related to an 
acquired aetiology, with hamstring tendinosis and/or avul-
sion representing the leading cause.

IFS/QFS narrowing with or without QFm oedema and a 
QFm lipoma were depicted on the contralateral, asympto-
matic side of 7 patients with unilateral symptoms. This is 
in accordance with previous studies, suggesting that imag-
ing findings indicative of IFIs may be detected in asympto-
matic individuals [7, 8]. As in all impingement conditions, 
it is recommended that the imaging findings indicative 
of IFIs should be correlated clinically in order to avoid 
over-diagnosis.

As hip joint movements induce alterations in the IFS di-
ameter, there is debate regarding the optimal patient po-
sitioning that will ensure accurate and reproducible evalu-
ation of this space during MR imaging investigations [5, 9, 
11]. Moreover, evaluation of IFS in the prone versus supine 
position with hip flexion as well as supine position with hip 
flexion versus neutral supine position differ significantly 
[21]. Alterations can also occur when assessing the space 
in the supine versus standing position [15]. In the present 
study all patients were scanned in the supine position, with 
an attempt for internal rotation which was not the same for 
all imaging centers involved in this study.

MR imaging findings of QFm tear range from oedema lo-
cated at the myotendinous junction, usually at the femo-
ral insertion, to complete fiber disruption [2, 4, 5, 22, 23]. 
Similarly, in 60% of patients with clinically confirmed QFm 
tears presented herein, oedema was located at the myo-
tendinous junction while in a patient with partial tear and 
diffuse QFm oedema, disrupted fibers were located at the 
femoral attachment. Regarding one patient with chronic 
QFm tear and no history of trauma, MR imaging revealed 
chronic hamstring tendinopathy and/or ischial apophysitis 
causing IFS/QFS narrowing. This may imply that the pres-
ence of conditions predisposing to IFIs may be related with 
chronic QFm impingement and subsequent tear.

Strengths of the study include the large number of pa-
tients, the availability of clinical correlation and the varia-
ble origin of the cohort. This study has specific limitations 
including: (1) utilisation of various MR units; (2) retrospec-
tive nature, with inclusion only of the patients with hip pain 
and MR imaging findings in the ischiofemoral area. With 
this limitation, inherent to case control studies, the inci-
dence rate (rate of new cases) cannot be calculated. There-
fore, a bias may exist and thus no attempt was made to de-
pict the prevalence of QFm abnormalities; (3) lack of control 
group is the second limitation of the study, taking into ac-
count that asymptomatic subjects, particularly athletes, 
may show QFm oedema with or without IFS and or QFS nar-
rowing [8]. In addition, patients with IFS/QFS narrowing 
but normal QFm were likely missed and therefore not in-
cluded in the analysis. Thus, no firm conclusion can be ar-
rived in the present study regarding the cause and effect 
relation between narrowing and symptomatology; (4) sur-
gical confirmation or follow up with clinical examination or 
imaging did not exist in all patients. However, there is cur-
rently no surgical procedure reported in the literature for 
correction of IFIs; (5) although internal hip rotation is rou-
tinely performed as part of the MR protocol, it was not pos-
sible to prospectively ensure identical positioning in all pa-
tients included in the study. This could lead to a degree of 
IFS/QFS narrowing overestimation in cases with some de-
gree of external rotation; (6) The performance of MR neu-
rography for assessing the presence of sciatic neuritis as 
cause of pain in patients with QFm pathologies would be of 
interest, however due to the retrospective collection of data 
such an application was not feasible. The latter may be re-
garded as a topic for future research.

In conclusion, the QFm is yet another input in the long 
list of causes of hip pain. MR imaging can accurately de-
pict related pathologic conditions. This work highlights 
the fact that beyond congenital IFIs, acquired aetiologies 
of impingement, traumatic lesions, myositis ossificans and 
a spectrum of neoplastic disorders should be considered. 
Detailed analysis of the pattern of oedema and the config-
uration of muscular fibers matched with the clinical pres-
entation can lead to precise diagnosis.R
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