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MRI diagnosis of occult hip fractures
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Background Most fractures of the proximal femur are
easily diagnosed by conventional radiography. When the
images are judged to be negative or equivocal and a clin-
ical suspicion of fracture persists, another approach is
to use magnetic resonance imaging (MRI) to help reach
a diagnosis.

Methods In a prospective study running from
November 1998 to December 2001, we registered all
patients being examined by MRI who had had a nega-
tive or equivocal radiograph and where there was con-
tinued clinical suspicion of hip fracture.

Results 100 consecutive patients (67 women) were
included, with an average age of 80 (37-100) years. The
MRI examinations corresponded to 4% of the 2,350
patients admitted with hip trauma during the study
period. 46 patients had a femoral neck or intertrochan-
teric fracture on MRI. 27 patients had other fractures.
18 had other findings on MRI, and 10 were interpreted
as being negative, although one of these was a false neg-
ative. In a separate interobserver analysis, two experi-
enced radiologists agreed on the diagnoses in 19/23 cases
(kappa value 0.78). They agreed with a less experienced
radiologist in 17/23 and 19/23 cases, respectively (kappa
values 0.66 and 0.76).

Interpretation MRI is a useful tool for demonstration
of occult hip fractures. In the absence of a hip fracture,
another explanation for the patient’s pain and disability
will often be given.

Most fractures of the proximal femur are easily
diagnosed by conventional radiography. In cases
where the images are negative or equivocal, and
a continued clinical suspicion of fracture exists,

magnetic resonance imaging (MRI) may be a
useful tool in the diagnosis. The ability of MRI
to detect occult fractures has been described for
several locations, among them wrist, carpal bones,
knee and hip (Ohashi et al. 1997, Brossmann et al.
1999, Rogers 2001). MRI has been in use in the
detection of hip fractures for more than a decade
(Deutsch et al. 1989). We have recently made MRI
our standard diagnostic modality for occult hip
fracture. We assessed the role of MRI in clinical
decision-making, both in the surgical management
and the conservative management of patients with
a clinically suspected hip fracture, where there
have been negative or equivocal plain films.

Patients and methods

In this prospective study, we registered all patients
examined with MRI due to suspicion of a proxi-
mal femoral fracture in the period from November
1998 to December 2001. There were 100 patients
(67 women) with a mean age of 80 (37-100) years.
All patients with a clinical suspicion of hip fracture
were examined with a conventional anteroposterior
radiograph of the pelvis and a lateral view of the
affected hip. When there was a negative or equivo-
cal radiograph but continued clinical suspicion of
hip fracture, the patients were also examined with
MRI. Coronal STIR and T1-weighted series of the
pelvis were made on a Philips Gyroscan Intera,
with a 1.5 Tesla magnet. The procedure took less
than 10 min (MRI time). A fracture was visualized
as a linear low-density signal on T1 weighting,
surrounded by an area of intermediate density. A
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A conventional radiograph interpreted A T1 weighted image with a subcapital ~ An STIR image showing high signal
as being negative. In retrospect, it may  femoral neck fracture as a black line  areas surrounding the fracture
be possible to see an irregularity in the ~ with a somewhat vertical progression  (white and light gray) and extend-

proximal cortex of the femoral neck.

high signal area surrounding the fracture on STIR
aided in the diagnosis. The T1 weighting is specific
for this indication, and has a better signal-to-noise
ratio and anatomical resolution than with the T2-
weighted images. STIR images are highly sensitive
in detecting posttraumatic changes in both bone
and soft tissue, but they are less specific than T1.
T2 images may also be used for this purpose, but
require more MRI time and give little additional
information (Ingari et al. 1996, Resnick and Kang
1997, Schultz et al. 1999). In the intertrochanteric
area, we registered a complete fracture when the
linear black signal on T1 crossed more than half
the width of the bone; otherwise it was registered
as a partial fracture. Other findings and diagnoses
on MRI were also registered. All images were read
by one of three musculoskeletal radiologists. The
charts and images of all patients were reviewed at
least 1 year after the initial radiographic exami-
nation. The total numbers of hip traumas and hip
fractures were calculated from the hospital data-
base. 23 MRI series were randomly selected for an
interobserver analysis involving two experienced
musculoskeletal radiologists (A and B) and one
radiologist (C) starting his training in musculosk-
eletal radiology.

through the femoral neck.

ing towards the lesser trochanter,
indicating a recent trauma.

Results

There were no differences in age and sex between
those who were proven to have a fracture and those
who were not. 51 patients were admitted on the
day of their injury. 42 patients were admitted on
average 3 (1-14) days after injury. 3 patients were
diagnosed as outpatients, and for 4 patients no date
of injury could be established. For the patients
who were admitted, there was an average of 2 days
between examination by conventional radiography
and the MRI examination. The MRI examinations
constituted 4% of the total of 2,350 patients who
were admitted because of hip trauma during the
registration period. Of these 2,350 patients, 1,818
had hip fractures, 157 had stable pelvic fracture
and in 375 patients no fracture was found.

At conventional radiography, the most seri-
ous injury was recorded for each patient (Table
1). 52 radiographs were negative, 41 raised the
suspicion of a fracture, 7 patients had severe
osteoarthrosis making interpretation difficult, and
1 radiograph was interpreted as possible osteoly-
sis. The MRI diagnoses of the patients with nega-
tive radiographs (n = 52) were complete fracture
in 34 cases (65%), another specific diagnosis in
10 cases, while 6 remained negative, although one
later proved to be a false negative. 21 of these 52
patients were operated. Patients with suspected
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Table 1. Crosstable giving diagnoses after conventional radiography and the corresponding

diagnoses after magnetic resonance imaging

Conventional radiographs 2

Magnetic resonance imaging A B C D E F G H Total
Negative 6b 2 1 9
Femoral neck fracture 12 13 25
Incomplete fracture of femoral neck 1 1
Intertrochanteric fracture 10 1 6 3 1 21
Incomplete inter-trochanteric fracture 5 5
Isolated fracture of greater trochanter 3 1 6 10
Fracture of pubic rami 4 3] 1 9
Acetabular fracture 2 2
Severe osteoarthritis 1 6 7
Malignant disease 2 2
Post traumatic soft tissue changes 8 1 9
Total 52 21 7 9 2 1 7 1 100

a Conventional radiographs:

A Negative

B Suspicion of femoral neck fracture

C Suspicion of intertrochanteric fracture

D Isolated fracture of greater trochanter

E Suspicion of fracture of greater trochanter
F Suspicion of pelvic fracture

G Severe osteoarthritis

H Suspicion of osteolytic process

b 1 false negative

fracture on radiographs and patients with a frac-
ture of the greater trochanter (n = 41) were diag-
nosed by MRI to have complete fractures in 35
cases, of which 23 were operated. 8 patients had
severe osteoarthrosis, making interpretation of the
conventional radiographs difficult. 7 of these were
initially interpreted as negative for fracture by con-
ventional radiography, and one was interpreted as
a suspected femoral neck fracture. None of these 8
patients had complete fractures by MRI. In 1, how-
ever, there seemed to be a subcapital skeletal injury
to the femoral neck, involving about one-third of
the diameter, which was interpreted as a partial
fracture of the femoral neck. In total, 44 of the 46
patients diagnosed with a femoral neck fracture or
an intertrochanteric fracture were operated.

In 1 patient, a large tumor surrounding one of the
ovaries was found on MRI, in addition to a femoral
neck fracture. The patient died before this finding
could be investigated further. 1 patient with a nega-
tive conventional radiograph and negative by MRI
was re-admitted after 4 days with a dislocated fem-
oral neck fracture without having sustained a new
trauma, and without having been mobilized in the
nursery home. This MRI result was consequently

the only false negative found.

It seemed to be possible to divide the 10 patients
who were shown to have an isolated fracture of the
greater trochanter on MRI into two subgroups based
on the MRI findings. In one subgroup (consisting
of 7 patients), the anterior portion of the greater
trochanter was mainly involved, with changes in
the gluteus medius muscle. In the other subgroup
(consisting of 3 patients), loosening of the poste-
rior portion of the greater trochanter and laxity in
the gluteus minimus muscle was found. 9 of these
patients had sustained a low-energy fall with direct
trauma to the hip 0-5 days before admission. For 1
patient, no date of trauma could be established.

We classified the MRI examinations retrospec-
tively as to whether they were of decisive impor-
tance for further treatment. In 43 cases, the MRI
results directly dictated the treatment. In 30 cases,
MRI led to operative treatment of a proximal
femoral fracture. In 13 cases, the MRI examina-
tion enabled us to institute further investigations
or nonoperative treatment essential to the patient,
which would probably have been delayed without
the MRI scan. 2 of these patients were diagnosed
with previously unrecognized malignant disease
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Table 2. MRI diagnoses given by radiologist A and B (both experienced musculoskeletal radiologists) in
23 randomly selected examinations. Differences in interpretation are marked with red

Radiologist B
Negative Femoral neck Intertrochan- Fracture of Acetabular
fracture teric fracture pubic rami fracture
Radiologist A
Negative 5 1
Femoral neck fracture 6

Intertrochanteric fracture
Fracture of greater trochanter
Fracture of pubic rami
Acetabular fracture

and were transferred to other departments for fur-
ther investigation and treatment. 2 had proximal
femoral fractures that were treated conservatively
due to serious medical conditions, and both healed
uneventfully. 1 had a fracture of the acetabulum
and was instructed to avoid weight bearing on the
affected side for a limited period. In 1 case, a diag-
nosis of femoral neck fracture was given on con-
ventional radiography by the radiologist, but the
surgeon was not convinced and requested an MRI,
which showed no fracture. Unnecessary surgery
was probably avoided in this case. The remaining 7
had radiographs with suspicion of a fracture of the
proximal femur, but the MRI investigations were
negative and conservative management could be
instituted.

Interobserver variability

The kappa value between radiologists A and B
was 0.78 (SE 0.10). Between A and C, the kappa
value was 0.66 (SE 0.12), and between B and C
it was 0.76 (SE 0.11). There were 4 discrepancies
in the interpretations between radiologists A and
B (Table 2). In 3 cases, radiologist A diagnosed an
isolated fracture of the greater trochanter whereas
radiologist B found a fracture with intertrochan-
teric extension. 2 of these patients underwent sur-
gery for fractures with intertrochanteric extension
while hospitalized, and the third was treated con-
servatively with fracture of the greater trochanter
as the diagnosis. In one case, radiologist A diag-
nosed severe osteoarthrosis, and radiologist B a
femoral neck fracture with severe osteoarthrosis.
The original interpretation of this examination was
a partial femoral neck fracture, as noted above. The

patient was treated nonoperatively with gradual
improvement of pain and walking ability. The less
experienced radiologist C interpreted the 3 MRIs
in which A and B found pelvic and acetabular
fractures, as negative. Apart from that, radiologist
C only disagreed with either one of the other two
radiologists in the 4 examinations where radiolo-
gists A and B also had different interpretations.

Discussion

Our study demonstrates that easy access to MRI
aids the diagnostic work associated with suspected
proximal femoral fractures, and can lead to changes
of treatment. In our hospital, non-dislocated femo-
ral neck and intertrochanteric fractures are treated
operatively in order to shorten hospital stay and
rehabilitation time, to avoid complications related
to prolonged immobilization and because a second-
ary dislocation or nonunion worsens the prognosis
(Parker 1992, Cserhati et al. 1996, Pathak et al.
1997, Raaymakers 2002, Parker et al. 2004). About
half of the patients in our series underwent surgery
as a consequence of the MRI examinations. For 30
of them, we judge that the MRI examination was
decisive for their treatment. Furthermore, for most
patients without a fracture, an explanation for their
hip pain was possible after the MRI examination,
enabling an individualized plan of treatment and
rehabilitation to be established without delay.
Ingari and coworkers (1996) induced non-dislo-
cated fractures in cadaveric femora. In their study,
the black lines on T1 weighting were found—and
confirmed by histology—to represent trabecular



528

Acta Orthopaedica 2005; 76 (4): 524-530

impaction in the absence of bleeding and edema.
They concluded that the low signal band was a
direct visualization of the fracture itself, thereby
strengthening the assumption that there was no
need to delay in the MRI examination after injury
to await secondary changes in order to make the
diagnosis. MRI results are, however, investigator-
related to some extent. This can be illustrated by
the fact that we presented the one false-negative
MRI examination in our series to a senior radiolo-
gist (RT) 2 years after the original reading, and this
time he interpreted it as a fracture. This error of
judgment probably results from paying too much
attention to the STIR sequence, which showed
limited changes. The existence of a learning curve
may also be an important consideration, as this was
one of our first MRI examinations performed on
this indication. We believe that the T1 sequence is
essential for a fracture diagnosis.

A higher rate of intertrochanteric fracture exten-
sions has been found previously when using MRI
to investigate isolated fractures of the greater
trochanter (diagnosed on plain films) in greater
depth (Table 1) (Schulz et al. 1999, Craig et al.
2000, Omura et al. 2000). In adults, these fractures
are probably wrongly interpreted usually as avul-
sion fractures—even if they result from the same
mechanism of trauma as most hip fractures, a direct
blow to the greater trochanter (Merlino and Nixon
1969). Thus, if a fracture of the greater trochanter
is demonstrated on plain films, one should re-
examine these patients clinically and follow them
closely during mobilization, as an undisplaced
intertrochanteric fracture may be present. The find-
ing of an isolated fracture of the greater trochanter,
however, is probably not in itself an indication for
MRIL

Partial or incomplete fractures of the femoral
neck on MRI are rare. Apart from the one with
severe osteoarthrosis, all fractures of the femoral
neck were clearly visualized through the entire
femoral neck on the T1 weighted sequence. In the
intertrochanteric area, however, the presence of a
fracture line from the greater trochanter towards
the lesser trochanter, but not always breaching
the medial cortex, is known to occur (Schultz et
al. 1999). In our department, we treat fractures
of less than half the bone width nonoperatively.
We usually operate fractures with a further coro-

nal extension because they are unstable, resulting
in large stress on the medial cortex. Based on the
clinical consequences, we have used the same dis-
tinction in the MRI diagnoses, and only fractures
with intertrochanteric extension not crossing the
midline are registered as incomplete fractures. As
a definition, this may seem arbitrary. A more ana-
tomically correct definition of complete fractures,
including mandatory crossing of both cortices by
the fracture line, would be less functional for us in
the clinical context.

Various other methods have been described for
diagnosis of occult proximal femoral fractures.
These include CT scans, conventional tomography,
repeated radiographs and other methods (Egund
et al. 1990, Alba and Youngberg 1992, Strange-
Vognsen et al. 1992, Sanville et al. 1994, Conway
et al. 1996, File et al. 1998, Helland et al. 2000).
Scintigraphy, another well-established method of
detecting occult fractures of the proximal femur, has
the disadvantage of being dependent on the timing
of the examination, and has a lower sensitivity and
specificity than MRI. Scintigraphy would also be
less reliable in very old patients and patients with
circulatory disturbances (Lewis et al. 1991, Evans
et al. 1994, Pandey et al. 1998). MRI may reduce
the length of stay in hospital by expediting defini-
tive treatment sooner, and may thus be more cost-
effective (Quinn and McCarthy 1993, Rizzo et al.
1993, Rubin et al. 1998). Our experience with the
use of MRI is similar to those of previous authors
who mainly presented smaller studies with a lower
percentage of fractures—including the finding that
in the absence of a fracture of the proximal femur
another explanation for the patient’s symptoms
will be offered (Feldman et al. 1994, Guanche et
al. 1994, Haramati et al. 1994, Bogost et al. 1995,
May et al. 1996, Stiris and Lilleas 1997, Pandey et
al. 1998, Oka and Monu 2004).

The interobserver agreement between the two
experienced radiologists A and B was good accord-
ing to the guidelines of Altman (1997) as was the
agreement between radiologists B and C. The
agreement between radiologists A and the less
experienced radiologist C seemed to be somewhat
poorer, but was still acceptable. The disagreements
of interpretation between the experienced radiolo-
gists occurred in a patient with disturbing patho-
logical signals on MRI due to traumatized severe
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osteoarthritis. The other area of difficulty was to
separate a fracture of the greater trochanter from
a fracture with an intertrochanteric extension. The
good agreement, at least regarding diagnoses in the
proximal femur, between the less experienced radi-
ologist and the two more experienced ones may
indicate that MRI used for this purpose may also
be useful in departments performing smaller num-
bers of examinations than we do. The lack of frac-
ture diagnoses on the part of radiologist C in areas
away from the proximal femur may have been due
to his experience.

One weakness of the present study was that no
formal protocol for referral to MRI during the study
period was applied. Furthermore, false-positive
examinations will not be disclosed with the pres-
ent design: the fracture itself is not exposed during
surgical treatment, and at follow up the absence of
a visible fracture or signs of healing will not be
conclusive. Thus, this patient series reflects the
routine use of MRI in the detection of occult hip
fractures. For practical reasons, it is not possible
to perform MRI scans on all patients with hip pain
after trauma who have negative conventional radio-
graphs. Therefore, one probably has to accept that
hip fractures might be overlooked occasionally.
With careful clinical examination and liberal use
of MRI, however, it should be possible to keep this
number to a minimum. To provide the best service
for our patients, and to avoid unnecessary hospi-
tal stay and delay in surgery, MRI should be per-
formed as soon as possible after inconclusive radi-
ography. During planning of radiology resources,
one should take into account that about 4% of
hip trauma patients will need an emergency MRI
scan. Despite a negative or equivocal conventional
radiograph, but with a clinical suspicion of frac-
ture, almost half of such patients had a fracture in
need of operative treatment as diagnosed by MRIL.
In almost all the remaining cases, another explana-
tion for the patient’s pain and disability could be
given, thus offering a guide for further treatment.
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