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Abstract

Objective To demonstrate the degrees of occult intertrochanteric extension on MRI in patients with a greater trochanteric
fracture on radiography or computer tomography (CT) and whether these patients undergo conservative or surgical manage-
ment with hardware.

Materials and methods Retrospective review was performed of 146 patients (104 females, 42 males, ages 33—-102) who had
follow-up MRI after identification of a greater trochanteric fracture without intertrochanteric extension on radiography or
CT. Extent of intertrochanteric extension was recorded. Subsequently, EMR review was performed to see if patients under-
went surgery. Specific note was made of hardware type. Analysis was performed to determine if there is a correlation with
fracture type and surgical management as well as fracture type and age and gender.

Results Nineteen patients had horizontal greater trochanter fractures without intertrochanteric extension; none underwent
surgery. Seventeen patients had a vertical fracture along the lateral femoral cortex; one underwent surgery. Thirty-three
patients had a fracture with intertrochanteric extension less than 50% in the mid coronal plane; 21 underwent surgery. Forty
patients had intertrochanteric extension greater than 50% in the midcoronal plane not contacting the medial cortex; 28
underwent surgery. Thirty-seven patients had fractures contacting the medial cortex; 28 underwent surgery. There was sig-
nificant difference with fractures extending 50% or greater of the midline of the intertrochanteric region undergoing surgical
management compared with fractures less than 50% (p <0.0001).

Conclusion MRI identifies the presence and extent of occult intertrochanteric fractures in patients with greater trochanteric
fractures. Description of intertrochanteric fractures on MRI helps determine the patient’s treatment course and influence
surgical decisions.

Keywords Hip - Intertrochanteric fracture - Trauma - CT - MRI

Introduction extension on radiography and computed tomography (CT)

but with some degree of intertrochanteric extension present

More than 300,000 people in the USA each year sustain a hip
fracture [1]. Intertrochanteric fractures account for approxi-
mately 38-50% of all hip fractures with an overall annual
cost of $2.63 billion to the US Healthcare system (Fig. 1).
This corresponds to 44% of all hip fracture costs [2, 3]. As
previously described in the literature, intertrochanteric frac-
tures can be occult, presenting as isolated greater trochan-
teric fractures without evidence of obvious intertrochanteric
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on magnetic resonance imaging (MRI) [4-8] (Fig. 2). MRI is
frequently used to assess for occult intertrochanteric exten-
sion as a decision-making tool in clinical management. Few
studies cite a fracture line crossing greater than 50% of the
intertrochanteric region, a finding that may influence the
clinical team to pursue surgical management rather than con-
servative management [5, 9]. Fixation of intertrochanteric
fractures improves pain and decreased time of immobiliza-
tion [10-12].

Nondisplaced intertrochanteric fractures are considered
stable fractures [13, 14]. In cases of complete two-part
intertrochanteric fractures (AO 31-A1.2), the fracture line
extends to the medial cortex and calcar femorale, which
are connected [13, 15]. The calcar femorale is a vertically
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Fig. 1 84-year-old-male status post fall with left hip radiograph (a)
showing subtle cortical disruption of the greater trochanter (white
arrow) and lucency through the intertrochanteric region (white

dashed arrow). Subsequently performed coronal CT images (b, c¢)
show the greater trochanter fracture (white arrow) and intertrochan-
teric extension (white dashed arrow)

Fig.2 83-year-old-female status post fall with left hip radiograph (a)
and Coronal CT image (b) demonstrating a greater trochanteric frac-
ture without evidence of intertrochanteric extension. Subsequently

oriented dense portion of bone that extends laterally from the
posterior medial femoral neck cortex at about the mid-level
of the lesser trochanter (Fig. 3) [15]. The calcar femorale is
an important weight bearing and stabilizing component of
the hip [16—18]. Comminution of the posteromedial cortex
or calcar femorale advances an intertrochanteric fracture to
unstable [13, 14]. Several classification methods exist for
different types of intertrochanteric fractures including but
not limited to Evans, Jensen Modification of Evans, Kyle,
Boyd and Griffin and AO Foundation/Orthopedic Trauma
Association (AO/OTA) (Table 1) [19-22].
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performed coronal T1 MRI (c) through the posterior aspect of the
intertrochanteric region shows greater trochanteric fracture and inter-
trochanteric extension

When surgery is indicated, hardware options most com-
monly include dynamic hip screws, short intramedullary nails,
and long intramedullary nails. Arthroplasty has been used in
specific scenarios, such as if the patient simultaneously has
arthrosis and would be indicated for an arthroplasty regardless.
Several articles in the orthopedic literature have attempted to
establish whether intramedullary or extramedullary fixation is
superior. At this juncture, surgeon preference and case specif-
ics guide technique and hardware selection [10, 18].

The purpose of this study is to categorize the degree of
intertrochanteric extension on MRI in patients diagnosed
with isolated greater trochanteric fractures without evidence
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Fig.3 CT coronal (a) and axial
(b) images of the intertrochan-
teric region of the hip dem-
onstrating the calcar femorale
(white dashed arrows) as a
dense linear portion of the bone
at the level of the lesser tro-
chanter, which blends with the
medial cortices anteriorly and
posteriorly (white solid arrows)

Table 1 Intertrochanteric (IT) fracture classifications

Classification Stable

Unstable

Evans e Nondisplaced (type I) e Displaced, unable to reduce/no PMC apposition (type
o Displaced, can reduce/establish PMC apposition D
(type I) e Displaced, comminuted, no PMC apposition (type I)

Jensen’s Modification of Evans e Nondisplaced 2-fragment fracture (type 1A)
o Displaced 2-fragment fracture (type IB)

AO/Orthopedic Trauma Asso-

ciation (OTA) *Several subgroups exist

Boyd and Griffin o Single fracture line (type I)
o Linear IT line with comminution in the coronal
plane
Kyle e Nondisplaced, no comminution (type I)

o Displaced, minimally comminuted lesser trochanter
fracture that anatomically reduces (type II)

o 31Al*-simple fracture, intact lateral cortex

e Reverse obliquity (type II)

o 3-fragment fracture without posterolateral support
(type IL A)

o 3-fragment fracture without medial support (type II
B)

o 4-fragment fracture (type III)

o 31.A2*-multi-fragment fracture, lateral wall incom-
petent

e 31.A3%*- Reverse obliquity

o Subtrochanteric/ reverse obliquity (type III)
o IT-subtrochanteric fracture in > 2 planes (type IV)

e Displaced, fracture of greater trochanter, PMC com-
minution (type I1I)

e Severe comminution, displaced and subtrochanteric
extension (type IV)

PMC, posteromedial cortex

of intertrochanteric extension on radiography or CT. The
objective is to determine if the categories predict which
patients undergo conservative management versus surgical
fixation.

Materials and methods
Patient cohort
IRB approved retrospective analysis was performed. A

search was conducted of patients who underwent MRI
for assessment of occult intertrochanteric extension of an

isolated greater trochanter fracture identified on radiogra-
phy or CT, within 4 weeks of initial presentation, over a
5-year period from 2013 to 2018. Patients were excluded
if an incomplete or incorrect protocol was performed, if
hardware was present in the injured femur or if follow-
up was not available as to whether the patient underwent
conservative versus operative management. Patients were
excluded if intertrochanteric extension was evident on
previously performed radiography or computer tomogra-
phy (CT). A total of 185 patients were identified through
the search. Thirty-nine patients were excluded and 146
patients were included.
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Imaging

Exams were identified in multiple hospitals and few out-
patient imaging centers within our health system on
either a 1.5 T or a 3 T MRI scanner. Patients underwent
a standard institutional trauma protocol MRI, which
consists of a coronal T1 and axial T1 (TR/TE range,
400-800/minimum) as well as coronal and axial T2 Fat
Saturated (TR/TE range, >2000/80—-120) or STIR (TR/TE
range, > 2000/20-60, IR 150-180) sequences. Additional
parameters included 140-440 FOV, 256-512x256-512
matrix range, and 4- to 5-mm slice thickness. Whole pelvic
imaging was performed; some cases included additional uni-
lateral hip sequences with a smaller field of view.

Image analysis

Two musculoskeletal trained radiologists reviewed the MRIs
in consensus and categorized the degree of intertrochanteric
(IT) extension. Categories included the following: (1) iso-
lated greater trochanteric fracture-horizontal line through
the greater trochanter (Fig. 4); (2) vertically oriented frac-
ture-vertical fracture line that parallels the lateral greater
trochanter and femoral cortex (Fig. 5); (3) IT extension less
than 50% of the midline of the femur in the coronal plane
(Fig. 6); (4) IT extension equal to or greater than 50% of the
midline of the femur in the coronal plane, not contacting
the calcar or medial cortex (Fig. 7); (5) IT extension greater
than 50% of the midline of the femur in the coronal plane,

Fig.4 67-year-old male status post fall with coronal T1 MRI through
the posterior aspect of the intertrochanteric region of the left hip
demonstrating a horizontally oriented fracture through the greater
trochanter
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Fig.5 74-year-old male status post fall with coronal T1 MRI through
the posterior aspect of the intertrochanteric region of the left hip
demonstrating a vertical oriented fracture coursing distally parallel to
the lateral femoral cortex, ending at the upper level of the lesser tro-
chanter

contacting the calcar or medial cortex (Fig. 8). The center
of the femoral shaft was determined with a line extending
proximally into the intertrochanteric region to establish the
midline. T1 and fluid sensitive sequences were both assessed
with definition of fracture as linear or curvilinear T1 hypoin-
tensity with adjacent marrow edema. Radiologists were

Fig.6 70-year-old female presenting with hip pain with coronal T1
MRI through the right hip demonstrating a fracture with intertrochan-
teric extension just proximal to the midline of the intertrochanteric
region
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blinded to what type of management the patient underwent
during this process.

Subsequently, chart review was performed to identify
whether patients underwent non-surgical versus surgical
management and if rationale was documented as to why,
including contraindications to surgery. Of the patients
who underwent surgery, the type of hardware fixation was
documented.

Statistical analysis

Demographic patient data and imaging locations were
recorded. Mean and median calculations were performed for
ages within each fracture category. Using the data obtained
from the two interpreting radiologists, frequency analysis of
each fracture category was performed. Frequency percent-
ages were calculated for (1) if the patient underwent sur-
gery, (2) if the patient was indicated for surgery but did not
undergo surgery (whether due to patient refusal, comorbidi-
ties or delayed diagnosis), and (3) what type of hardware the
patient was treated with (dynamic hip screw, short intramed-
ullary rod, long intramedullary rod or hip arthroplasty). Sta-
tistical significance utilizing chi-square test was performed
to analyze the relationship between intertrochanteric frac-
tures less than 50% versus 50% or greater with regards to
age, gender and if patient underwent surgical management.
An observed p-value less than 0.05 was considered statisti-
cally significant. All analyses were conducted using SAS,
release 3.8 enterprise edition. Copyright 2012-2018, SAS
Institute Inc., Cary. NC.

Fig.7 88-year-old female status post fall with coronal T1 MRI
through the left hip demonstrating a fracture with intertrochanteric
extension just beyond the midline of the intertrochanteric region, but
not contacting the posteromedial cortex/calcar femorale

Fig.8 79-year-old female status post fall with coronal T1 MRI
through the right hip demonstrating a fracture with intertrochanteric
extension contacting the posteromedial cortex/calcar femorale

Results

A total of 146 patients were included in the study with 104
female (71%) and 42 male (29%) patients. The mean age
was 81 years old (range 33—102) (Table 2). All patients were
diagnosed with a greater trochanter fracture either on radiog-
raphy or CT without evidence of intertrochanteric extension.
Follow-up MRI was performed on all patients. The majority
of these patients, 136, were imaged during an Emergency
Department visit or as an inpatient and 10 patients were
imaged in the outpatient setting. Nineteen patients (13%)
on MRI were shown to have an isolated greater trochanter
fracture without intertrochanteric extension. All 19 patients
were managed conservatively and none was recommended
for surgery. Seventeen patients (12%) had vertically oriented
fractures that coursed parallel to the greater trochanter and
lateral femoral cortex. Of these cases, one patient underwent

Table 2 Demographic data

# cases Age Sex
A 19 (13%) 77 (44-93) 14F:6 M
Horizontal
B 17 (12%) 78 (54-96) 13F:4 M
Vertical
C 33 (23%) 86 (57-102) 23F:9M
<50% toward midline
D 40 (27%) 81 (46-99) 26F:14 M
>50%,—PMC
E 37 (25%) 80 (33-96) 28F:9 M
>50%, +PMC
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surgery with a short intramedullary rod. Two patients were
indicated for surgery, but were not operated on secondary to
concurrent injuries precluding operative management. The
remaining 14 patients were not indicated for surgery. Thirty-
three patients (23%) were found to have intertrochanteric
extension that did not cross greater than 50% in the coronal
plane. Of these cases, 21 underwent surgical management
with seven dynamic hip screws, 13 short intramedullary rod,
and one long intramedullary rod. Twelve of these patients
did not undergo surgery, though one patient was recom-
mended for surgery; however, the family declined. Forty
patients (27%) had fracture extension 50% or greater than the
midline of the intertrochanteric region in the coronal plane
but did not contact the calcar femorale or medial cortex.
Of this subgroup, 28 patients underwent surgical manage-
ment with four dynamic hip screws, 16 short intramedullary
rods, and seven long intramedullary rods. One patient under-
went a hip arthroplasty as the patient had severe arthrosis.
Twelve patients were managed conservatively of which three
were indicated for surgery but were not performed due to
high operative risk (two patients) or delayed diagnosis (one
patient diagnosed 8 days later imaged as an outpatient). The
final group where the fracture extends to the calcar or medial
cortex had a total of 37 patients (25%) of which 28 under-
went surgical management with five dynamic hip screws,
16 short intramedullary rods, and seven long intramedullary
rods. Nine patients did not undergo surgery, of which seven
did not have surgery secondary to high operative risk (four
patients), delayed diagnosis (two patients, 12 and 25 days
after initial presentation), or patient refusal (one patient).

Analysis of surgical and non-surgical management was
performed with patients grouped into two categories of (1)
all fractures which extend less than 50% of the intertrochan-
teric region (Figs. 4, 5, and 6 described in the “Image analy-
sis” section) and (2) all fractures equal to or greater than
50% of the intertrochanteric region (Figs. 7 and 8 described
in the “Image analysis” section). Chi-square test was per-
formed, which demonstrated significant association between
surgery status and fracture group (p <0.0001) among
patients who underwent surgery, the proportion of patients
with fractures 50% or greater intertrochanteric extension
(Figs. 7 and 8) is significantly greater than the proportion
of patients with fractures less than 50% of intertrochanteric
extension (Figs. 4, 5, and 6) (72.7% versus 31.9%, respec-
tively; p <0.0001). There is no association of fractures with
less than or equal to/greater than 50% of intertrochanteric
extension with respect to gender or age utilizing chi-square
test (p=0.7558 and p =9567 respectively).

Of female gender, 57 patients underwent surgery and 47
did not undergo surgery. Of male gender, 21 underwent sur-
gery and 21 did not undergo surgery. Using the chi-square
test, no association was found between gender and whether
a patient underwent surgery (p =0.5981).
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Discussion

Our results show that in the setting of a greater trochanteric
fracture, as the fracture line propagates across the intertro-
chanteric region toward the posteromedial cortex or calcar
femorale, the patient is more likely to undergo surgical
management. Fracture lines which cross beyond 50% of the
intertrochanteric region are typically indicated for surgical
management pending no interfering comorbidities, delayed
diagnosis, or agreement by the patient or family. Of the frac-
tures that extend toward the midline but do not cross than
50% of the intertrochanteric region, the majority of patients
underwent surgical management. Short intramedullary rod
was the most chosen hardware for surgical fixation. While
more female than males presented with these fractures, there
was no statistical significance with regard to gender and
undergoing surgical management.

Intertrochanteric fractures are extracapsular and do not
disrupt blood supply to the femoral head, and, therefore,
are not associated with avascular necrosis [4]. The fractures
discussed in our study are zero and two-part nondisplaced
fractures, which are considered stable [14]. Intertrochan-
teric fractures undergo fixation to allow for pain relief and
earlier mobilization and weight bearing [11]. No formal
algorithm exists for the fixation of stable intertrochanteric
fractures; however, several articles from the literature note
if the fracture extends beyond 50% in the longitudinal axis
of the coronal plane of the intertrochanteric region, then sur-
gery is indicated [5, 9]. In Feldman and Staron, their article
noted that the prime criterion for performing surgery was
extension of the fracture line beyond the base of the greater
trochanter, regardless of propagation pattern [7]. In an arti-
cle by Park et al., if the fracture did not propagate to the
medial third of the intertrochanteric region or medial cortex,
conservative management was performed with full weight-
bearing permitted after 4—6 weeks, depending on the extent
of the fracture [23]. There is a potential risk for a fracture
to become displaced if not fixed, such as with another fall.

Schultz et al. looked at “incomplete intertrochanteric
fractures” and management in a similar fashion illustrating
the entity that intertrochanteric extension does not always
extend to the medial cortex or calcar femorale. Similarly to
our study, as the fracture extended further in the mid-coronal
plane, more patients underwent surgical fixation [5]. Our
study shows in some cases if there is intertrochanteric exten-
sion less than 50% of the mid-coronal plane, surgical fixation
can be considered a course of management in the appropriate
clinical setting, of which 65% of the patients in our group C
underwent fixation. No formal algorithm to date is present
within the orthopedic literature regarding the fixations of
fractures with intertrochanteric extension less than 50% in
the mid coronal plane.
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Of the patients in the study by Schultz et al., the patients
who underwent surgical fixation were all treated with a slid-
ing compression screw [5]. Intramedullary nails, long and
short, were more commonly used in our study than dynamic
hip screws, which may reflect a change in treatment options
over time. Studies in the orthopedic literature discuss these
treatment options, but ultimately it is surgeon’s preference
[10-12, 18, 24]. Similarly, the mean age was 82 in their
study and in our study is 81, unsurprisingly with female
preponderance. In an article by Feldman and Staron, the
fracture patterns described were similar to what we saw
with the exception of propagation of the fracture into the
femoral neck, which one patient in the study by Craig et al.
also demonstrated [7, 9]. Extension of the fracture into the
femoral neck is a possibility and is important to document.
In our study, category B is propagation of the fracture line
in a vertical fashion, which in some cases may be consid-
ered to extend beyond the base of the greater trochanter, but
does not appear to trend toward the midline. In our experi-
ence, 82% of this group were not recommended for surgery
and were managed conservatively. In a study by Park et al.,
the intertrochanteric region was divided into thirds. Their
group 1 consisted of patients such as in our groups A and
B; their group was managed conservatively. Their group 2
consisted of patients with fractures extending to the middle
third of the intertrochanteric region, which would consist of
some of our group C and D patients. Their group 2 under-
went conservative management, while the majority of our
patients underwent surgical fixation. Their group 3 consisted
of patients where the fracture extends to the distal third of
the intertrochanteric region or to the medial cortex. This is
similar to some of our group D and group E patients. Simi-
larly, these patients underwent operative management [23].

In some cases, fixation is performed for isolated greater
trochanteric fractures with tension band wiring or trochan-
teric stabilizing plates [25]. We did not encounter this sce-
nario in our patients. It is important to note that intertro-
chanteric fractures can occur without an obvious greater
trochanter fracture on radiography and CT. This is one of
several entities that may warrant an MRI in the setting of a
“negative” CT or radiograph.

Limitations of the study include retrospective analysis
from 13 institutions across the health system, which resulted
in some variability, though exams lacking coronal and axial
T1 and fluid sensitive sequences were excluded. Formal
measurements were not performed as this can result in vari-
ability across observers. Depiction of where the fracture line
ends can potentially be subjective. We did not document the
long-term outcomes or readmissions. Individual surgeon’s
choices for operative versus non-operative management were
not recorded. Future research may include assessment of
morphology of the greater trochanteric fracture itself identi-
fied on radiography and CT, which was not assessed in this

study. A study focusing on the short- and long-term out-
comes of patients who underwent surgery versus no surgery,
especially of fractures with intertrochanteric extension less
than 50% would be beneficial in guiding management of
these nondisplaced intertrochanteric fractures.

In conclusion, MRI frequently detects occult intertro-
chanteric extension in patients with isolated greater tro-
chanter fractures on radiography and CT. Given the num-
ber of patients who underwent surgical management with
intertrochanteric extension, including less than 50% of the
intertrochanteric region, MRI in patients with greater tro-
chanteric fractures without evidence of intertrochanteric
extension on radiography of computed tomography (CT) is
recommended. The extent of intertrochanteric extension can
vary. Communication with the surgical team is important to
establish what findings and terminology will determine if the
patient is indicated for surgery and what type of hardware
to use.
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