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CT scans better assess la
teral wall morphology
of “stable appearing” intertrochanteric (IT) femur
fractures and predict early failure of sliding hip
screw (SHS) fixation
Garin Hecht, MDa,∗, Augustine M. SaizJr., MDb, Trevor J. Shelton, MD, MSb, Max R. Haffner, MDb,
Connor Delman, MDb, Alvin Shieh, MDb, Jericho Hallare, BSc, Satninderdeep Bhatti, BS, MPHd,
Philip Wolinsky, MDb
Objectives: To compare the efficacy of plain x-ray images and computed tomography (CT) to assess the morphology of the lateral
wall (LW) component of intertrochanteric (IT) femur fractures and determine predictors of early fixation failure.

Design: Retrospective cohort study.

Setting: Level-one trauma center.

Patients/Participants: One hundred forty-two adult patients with IT fractures treated with either a sliding hip screw (SHS) or a
cephalomedullary nail (CMN) who had both pre-op plain x-ray images and CT scans with at least 6weeks of follow-up were reviewed.

Intervention: Preoperative CT scan and plain radiographs of the affected hip.

MainOutcomeMeasurements: Lateral wall assessment based on plain x-rays versus CT imaging in relation to implant failure.

Results:One hundred forty-two patients met inclusion criteria, 105 patients treated with a CMN, and 37 with a SHS. There was a
poor correlation between the assessment of the LW on plain x-ray images and CT scans. Failures in the SHS group were significantly
associated with all CT measurements (P< .05) but not with plain film LW assessment (P= .66). Fifteen patients had an early implant
failure (6 CMN, 9 SHS). There were no statistically significant associations between any radiographic measurement (plain images and
CT) and CMN failures.

Conclusions: Plain film images are not accurate for assessing lateral wall morphology/integrity and are not predictive of SHS
implant failures. Our novel CT measurements were effective at detecting lateral wall patterns at risk for treatment failure with SHS
implants.
Level of Evidence: Level III

Keywords: cephalomedullary nail, geriatric hip fracture, intertrochanteric hip fracture, LATERAL wall, sliding hip screw, stable,
unstable

“unstable,” and this classification implies that implant selection
1. Introduction

Intertrochanteric (IT) femur fractures are common injuries with
an estimated incidence of more than 400,000 annually in the
United States.[1] IT fractures can be classified as “stable” or
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for stabilization affects the success of fixation.[2,3] Failures after
fixation include fracture shortening, peri-implant fracture,
implant cutout, nonunion, and varus collapse. Although failure
of IT fracture fixation is uncommon, improper implant selection
or unfavorable fracture patterns, especially when combined with
poor bone quality, leads to more frequent failures.[4] Revision
fixation, with or without bone grafting or osteotomy, has good
outcomes in younger patients, but has high complication and
failure rates for elderly patients.[5] Hip arthroplasty for older
patients is available as a salvage procedure with improved pain
and mobility scores but has a complication rate as high as
47%.[6–8] Given that primary treatment failures lead to high
morbidity in geriatric patients, increased understanding of the
fracture patterns may improve these patients’ outcomes by
reducing predictable implant-associated failures.
“Stable” IT fracture patterns have a fracture obliquity that

compresses with physiologic loading and requires a lateral wall of
the femoral shaft that will buttress the proximal fracture
fragment if it settles.[9,10] Therefore, correct assessment of the
morphology of the lateral wall is critical. Lateral wall
morphology has taken on such importance that in 2018 the
AO/OTA Fracture and Dislocation Compendium was updated
for pertrochanteric femur fractures.[11] The differentiation
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Table 1

Patient demographics and AO/OTA Classification of patients
treated with cephalomedullary nail and sliding hip screw

Cephalomedullary nail
∗

Sliding hip screw
∗

P values†

Number of patients 105 37
Age (years) 77±11 (52–106) 75±12 (56–97) .2890
Female gender 67 (64%) 24 (65%) 1.0000
AO/OTA Classification .0010‡

31-A1.1 0 (0%) 0 (0%)
31-A1.2 29 (28%) 24 (65%)
31-A1.3 48 (45%) 9 (24%)
31-A2.2 21 (20%) 3 (8%)
31-A2.3 7 (7%) 1 (3%)

∗
The values are presented as the number of patients with the percentage in parentheses, except for

age which is given as the mean and standard deviation with minimum and maximum in parentheses.
† The P values were determined with the Fisher exact test, except for age which was derived with the
Wilcoxon Rank-Sum Test.
‡ Indicates statistical significance.
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between groups 31A1 and 31A2 is now defined by the lateral wall
height (LWH) or thickness (LWT). The LWT is defined as the
distance in millimeters measured from a reference point 3 cm
below the innominate tubercle of the greater trochanter and
angled 135° upward to the fracture line on the plain film
anteroposterior radiograph. That radiograph is ideally a traction
view with the leg in neutral rotation, which is not the typical
image that is obtained in the emergency room. 31A2 fractures are
defined as having a lateral wall thickness of less than 20.5mm
and are classified as “unstable.”[12,13]

Radiographic assessment of the lateral wall on plain images,
even with a traction view (a source of patient discomfort and not
routinely obtained), can be difficult, unreliable, and misleading
compared with assessment using a CT scan.[14–16] At our
institution, many hip fractures get a CT scan of their pelvis and
abdomen as part of their initial assessment by the general surgery
trauma service.We use the CT to help assess lateral wall integrity,
determine fracture stability, and guide implant selection. To do
this, we developed novel CT measurements to quantify the
morphology of the lateral wall. We hypothesized that CT
measurements of the lateral wall (LWA) are more accurate than
plain x-ray radiograph measurements, can better classify
fractures as stable or unstable, and are predictive of failure
when a SHS is used.

2. Methods

A retrospective chart reviewwas performed of all patients with an
IT fracture treated at an academic level-one trauma center from
January 2005 to October 2016. Our institution’s IRB approved
this study. A total of 825 patients were identified. One hundred
forty-two of those (51 males, 91 females; age 77±11years) met
our inclusion criteria: an AO/OTA 31A1.2 or 31A1.3 fracture
pattern based on injury plain x-ray radiographs, a preoperative
CT scan that was available for review, operative treatment with
either a CMN (n=105) or a SHS (n=37), and at least 6weeks of
radiographic and clinical follow-up (Table 1). Since some of the
fracture classifications changed after our CT reviews, some AO/
OTA 31A.2 fractures that would have been classified as stable in
the prior AO/OTA classification system were included as well.
The following measurements were performed independently

by 4 orthopedic surgeons (residents, fellow, attending) on the
injury AP plain films and CT scan:
1.
 Lateral wall thickness (LWT)wasmeasured on the injury plain
x-ray images using previously described techniques (Fig. 1).[12]

We developed and measured several novel parameters to
2.

quantify the morphology of the lateral wall on the preop CT
scan:
A. Coronal thin point (CTP): Measured on the coronal

reconstruction view of the CT scan It was defined as the
narrowest distance between the lateral wall of the shaft and
the most distal extent of the lateral aspect of the proximal
fracture fragment (Fig. 2). This measures the medialization
of the distal fragment and is a method to estimate the size of
the void created by compression of the cancellous bone
within the fracture zone.

B. Three other measurements were performed on the axial CT
image taken at the level where we thought the SHS lag
screw would cross the fracture line:
i. Midpoint axial lateral wall thickness (MALWT):

Defined as the thickness of the lateral wall measured
at its mid-sagittal center point
2

ii. Average axial lateral wall thickness (AALWT):
Defined as the average of 3 parallel measurements

centered on the midpoint measurement. One line is
measured at the midline and the 2 other lines are
parallel and measured 6mm anterior and posterior
from the midline, respectively.

iii. Lateral Wall Axial Area (LWAA):

Defined as the area of the intact portion of the lateral wall

calculated at the midpoint axial measurement using a region of
interest tracing (Fig. 3).
The CT scans were analyzed for the presence of any coronal
3.

plane fracture lines.
4.
 The tip–apex distance (TAD) was measured on postoperative
AP and lateral plain x-ray radiographs.[17]

Early failures were detected by reviewing images of patients
with at least 6weeks of follow-up. Implant-related failures were
defined as: iatrogenic lateral wall fractures leading to loss of
fixation, and/or varus collapse with lag screw or side plate cutout,
and /or symptomatic shortening of the limb (> 15mm) and/or
patients who required additional treatment.
Postoperative fracture shortening was measured by comparing

the immediate postoperative x-ray radiographs to the last follow
up x-ray radiographs that were available. For the SHS constructs,
we measured the exposed length of the smooth portion of the lag
screw from the proximal edge of the plate barrel to the first screw
thread. For the CMN constructs, wemeasured the exposed length
of the lag screw or blade lateral to the body of the intramedullary
nail.Magnification was corrected for by using the known implant
diameter as a reference. We defined shortening greater than or
equal to (≥) 15mm along the axis of the lag screw/blade as
“significant” shortening. This corresponds to 10mm of shorten-
ing of the limb, which has been shown to be symptomatic after
hip arthroplasty.[18]
2.1. Statistical analysis

To quantify the inter-observer repeatability of the plain x-ray
radiographs and CT measurements, 4 surgeons measured the
LWT, CTP, MALWT, AALWT, and LWAA on 15 randomly
selected patients. A single factor analysis of variance (ANOVA)
with repeated measures computed the intraclass correlation
coefficient (ICC) for all measurements. A linear regression
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Figure 1. Lateral wall thickness (LWT) is measured on an AP hip x-ray (blue
line). It is the distance in millimeters from a reference point 3cm (yellow line)
below the innominate tubercle of the greater trochanter, angled at 130° upward
to the fracture line (the midline between the two cortex lines).
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analysis was used to compute the coefficient of determination (r2)
to determine whether the measurements of LWT on radiographs
predicted the CT measurements of CTP, MALWT, AALWT,
and LWAA.
Figure 2. The coronal thin point (CTP) is measured on coronal CT reformats of the in
most distal extent of the lateral aspect of the proximal fragment.

3

Continuous variables (e.g., CT measurements) were reported
as the mean± standard deviation and range. Categorical
variables (e.g., gender) were reported as either the number of
patients or a percentage of patients. A Fisher exact test was used
to determine differences between categorical variables (e.g., AO
Classification, presence of coronal fracture) for patients who had
implant failure and those who did not, for each implant type. A
Wilcoxon Rank-Sum Test was used to determine the significance
of continuous variables (e.g., X-ray and CT measurements, tip–
apex distance) for patients who had implant failure versus those
who did not have implant failure in patients treated with a CMN
or SHS. Computations were performed with statistical software
(JMP Pro, 13.0, http://www.jmp.com) and significance was set
at P< .05.
3. Results

There were no significant differences between the CMN group
and SHS group with regards to age and gender (Table 1). All
image measurements had a good or excellent interobserver
reliability based on the ICC analysis. The CTP (Fig. 2) had the
best ICC (0.83), followed by the AALWT (0.81), then the LWAA
(0.79), then MALWT (0.72) (Fig. 3), and the LWT (Fig. 1) had
the worst ICC of 0.63. There was a poor correlation between the
LWT values measured on plain x-ray radiographs compared with
those measured on a CT (r2=0.16 for CTP, 0.13 for MALWT,
0.14 for AALWT, and 0.28 for LWAA).
Fifteen patients had an implant failure (6 CMN, 9 SHS) by

6weeks. The SHS failures were due to shortening (6) or varus
collapse with cutout (3). The CMN failures were due to
shortening (5) and superior cutout (2). The CMN fixation group
had no statistically significant differences in age, gender, AO/
OTA classification, presence of coronal plane fracture, tip–apex
distance, LWT, CTP, MALWT, AALWT, or LWAA between
CMN fixations that failed and those that did not (Table 2). The
SHS group had no differences in age, gender, AO/OTA
tertrochanteric fracture. It is the distance between the lateral wall cortex and the
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Figure 3. Coronal image of a CT scan showing how to select the axial image at the level where the lag screw would cross the fracture line (white line). The midpoint
axial lateral wall thickness (MALWT), defined as the thickness of the LW wall measured at the mid-sagittal center point of the lateral wall (orange line), the average
axial lateral wall thickness (AALWT), defined as the average of 3 lateral wall thicknesses and parallel measurements made 6mm anterior and posterior to the point
where the midpoint was measured (magenta line), and the lateral wall axial area (LWAA) defined as the area of the intact portion of the lateral wall (red line).
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classification, tip–apex distance, or LWT between SHS’s that
failed and those that did not fail (Table 3). However, coronal
plane fractures were seen in 6 of the 9 (67%) SHS failures, but in
only 5 of the 28 (18%) SHS that did not fail, which was
statistically significant (P= .0106) (Table 3). All SHS fixation
failures had CT measurements (MALWT, AALWT, LWAA,
CTP) of their lateral wall morphology that were smaller
(indicating a smaller lateral wall) compared with the patients
with SHS fixation that did not fail (P values ranging from .0044
to .0269) (Table 3). No combination of variables was better than
a single variable at predicting failure. Additionally, the CT
measurements were predictive of failure in the SHS group, but no
specific variable was more predictive than the others.
Threshold values were established to determine fracture

measurements that were predictive of failure when using a
SHS implant. A LWT measurement of 25.9mm or less based on
radiographs correlated with failure (sensitivity 0.444, specificity
0.734, P= .373). CTP of 9mm or less based on CT correlated
with failure (sensitivity 0.667, specificity 0.897, P= .0161). A
LWAA measurement of 6.8mm or less based on CT predicted
failure (sensitivity 1.0, specificity 0.429, P= .023). A MALWT of
4

19.0mm or less based on CT predicted failure (sensitivity 1.0,
specificity 0.464, P= .050). Finally, an AALWT measurement of
17.8mm or less based on CT predicted failure when using a SHS
(sensitivity 1.0, specificity 0.429, P= .023).
4. Discussion

Our study demonstrates that CT imaging is more accurate and
reliable for the assessment of the lateral wall size andmorphology
for fractures that appear to be “stable” patterns when assessed
using plain film images. LWTmeasurements based on plain x-ray
radiographs have worse intra- and inter-observer reliability when
compared with measuring them on CT using our novel CT
measurement of lateral wall thickness and size. Also, there was
poor correlation between the LWT measured on plain x-ray
radiographs and CT measurements. Furthermore, the morphol-
ogy of the LWT determined via a plain x-ray radiograph was not
associated with implant fixation failure; in contrast, CT
measurements were predictive of implant failure when a SHS
implant was used. The failures had a smaller and/or thinner
lateral wall when compared with those who did not fail as further
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Table 2

Characteristics of intertrochanteric hip fracture implant failure for
patients treated with cephalomedullary nails

Failure
∗

No failure
∗

P values†

Number of patients 6 99
Age (years) 78±15 (60–99) 77±11 (52–106) .8143
Female gender 2 (33%) 65 (66%) .1860
AO/OTA Classification .5320

31-A1.1 0 (0%) 0 (0%)
31-A1.2 3 (50%) 26 (26%)
31-A1.3 3 (50%) 45 (46%)
31-A2.2 0 (0%) 21 (21%)
31-A2.3 0 (0%) 7 (7%)

Presence of coronal plane fracture 5 (83%) 58 (59%) .3980
Tip–apex distance (mm) 16±8 17±5 .7772
X-ray measurements

Lateral wall thickness (mm) 26±4 27±8 .8144
CT measurements

Coronal thin point (mm) 14±7 13±7 .7042
Midpoint axial lateral wall

thickness (mm)
14±3 14±5 .4770

Average axial lateral wall
thickness (mm)

15±3 14±4 .6095

Lateral wall axial area (cm2) 6±2 6±2 .5030

∗
The values are presented as the number of patients with the percentage in parentheses, except for

age which is given as the mean and standard deviation with minimum and maximum in parentheses.
† The P values were determined with the Fisher exact test, except for age which was derived with the
Wilcoxon Rank-Sum Test.
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demonstrated by CT-based cutoff values for predicting failures.
Additionally, a decreased coronal thin point (CTP) on CT, which
represents a more impacted and medialized distal fragment/
lateralized proximal fragment with compression of the cancellous
bone at the fracture site with resulting void when the fractures are
pulled out to length and reduced, was also associated with SHS
implant fixation failures. However, no measurement on CT or x-
Table 3

Characteristics of intertrochanteric hip fracture implant failure for
patients treated with sliding hip screw

Failure
∗

No failure
∗

P values†

Number of patients 9 28
Age (years) 74±9 (61–89) 75±13 (56–97) .9717
Female gender 6 (67%) 18 (64%) 1.0000
AO/OTA Classification 1.0000

31-A1.1 0 (0%) 0 (0%)
31-A1.2 6 (67%) 18 (64%)
31-A1.3 2 (22%) 7 (25%)
31-A2.2 1 (11%) 2 (7%)
31-A2.3 0 (0%) 1 (4%)

Presence of coronal plane fracture 6 (67%) 5 (18%) .0106‡

Tip–apex distance (mm) 17±4 17±6 1.0000
X-ray measurements

Lateral wall thickness (mm) 31±8 33±8 .6581
CT measurements

Coronal thin point (mm) 11±10 18±9 .0269‡

Midpoint axial lateral wall thickness (mm) 13±4 18±5 .0102‡

Average axial lateral wall thickness (mm) 13±3 19±5 .0044‡

Lateral wall axial area (cm2) 5±1 7±2 .0234‡

∗
The values are presented as the number of patients with the percentage in parentheses, except for

age which is given as the mean and standard deviation with minimum and maximum in parentheses.
† The P values were determined with the Fisher exact test, except for age which was derived with the
Wilcoxon Rank-Sum Test.
‡ Indicates statistical significance.
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ray was associated with failures in the CMN group, presumably
because CMN fixation does not rely on lateral wall integrity.
Twenty-two percent of the IT fractures were classified as stable

(AO/OTA 31A1) based on initial plain film radiographs but were
reclassified as unstable (AO/OTA 31A2) fractures once the CT
scan was reviewed. This illustrates the pitfalls of relying on plain
films to assess the stability of IT fractures and the increased
accuracy of CT imaging, and 1 patient was treated with a SHS
that failed when the CT scan ordered as a trauma scan may not
have been scrutinized. When examining these fractures on axial
CT scans, it is apparent that the lateral cortex of the femur is not
simply a wall but rather the portion of the cylindrical femoral
shaft that is divided from the head and neck segment by the main
intertrochanteric fracture plane. When the lateral cortex has an
additional coronal plane fracture separating the posterior portion
of the trochanter from the anterolateral cortex, the lateral cortex
becomes much smaller despite a LWTmeasurement on x-ray that
would classify the injury as “stable.”[19] Fracture treatment with
a SHS was a significant risk factor for failure for patients with
coronal plane secondary fracture lines. In our patient cohort,
fracture characteristics that can be hidden on plain films
accounted for the higher failure rate with SHS treatment, and
when selecting them out, the success rate of SHS matched that of
CMNs in otherwise stable patterns.
We are not the first group to use CT scans to assess the lateral

wall. A study that examined IT fracture morphology with CT
measurements to assess the posteromedial fragment of AO/OTA
31A1 and 31A2 fractures treated with SHS implants found that
fracture collapse was associated with the 31A2 fracture pattern
and lateral wall fractures.[20] This study noted that CT imaging
was critical to accurately classify IT fractures. While most
measurements had good-to-excellent interobserver reliability,
their quantification of the “lateral” aspect of the lateral wall—
intended to measure where the drill contacts the shaft—had only
a fair correlation.[20] Furthermore, this study had a high failure
rate which may be due to the fact that all the 31A2 fractures were
treated with a SHS.[20] In contrast, our study used the more recent
AO/OTA classification scheme and showed that many fractures
may have patterns that make them “unstable” that cannot be
evaluated using plain radiographs but are readily visible on CT.
This study represents a contemporary look at pertrochanteric

femur fractures using the updated AO/OTA Fracture and
Dislocation Compendium. Furthermore, all fracture fixations
had a tip–apex distance of less than 25mm for every patient,
eliminating a confounder for fixation failure; in other words, we
analyzed the cause of failure despite an acceptable TAD. Since no
single CT measurement nor any combination of measurements
was more predictive of failure than another, in real clinical
situations the lateral wall assessment can be simplified by using
any single CT measurement that we describe.
Limitations of our study exist, including its retrospective

nature. This precluded us from determining the operating
surgeon’s intraoperative assessment and classification of the
fracture, which may change, hence altering implant selection.
Furthermore, 6 weeks of follow-up underestimates failure rates
for patients in whom failure occurs at a later time, although
comparable studies have a similar follow-up period and have
shown that failures tend to occur early.[16,21] Due to the low
incidence of treatment failure with the use of modern fixation
techniques for IT fractures, all of our failures regardless of the
mechanism of failure had to be grouped together without the
ability to analyze different types. Additionally, the overall
number of SHS implanted was less than CMN. During
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measurement, the rotation of the fragments was not controlled
for, although similar techniques based on prior studies were used
for the radiographic measurements and the CT measurements
were based on axial measurements where rotation would less
affect validity as the lateral wall is more easily identified. We did
not assess that the center point for the proposed screw crossing
the fracture ended up being where the actual implant crossed.
This would matter less for the reliability of the measurements but
could be a factor regarding the measurements’ correlation with
surgical technique. Finally, none of the SHS hip failure groups
used a trochanteric side plate which has been demonstrated to
prevent failures in intertrochanteric femur fracturs with lateral
wall weakness although with limitations as the fixation is less
reliable and femoral shaft medialization is frequent.
Shortening of greater than 15mm was the most common

failure mechanism noted. We set a threshold of 15mm for
shortening failure since this degree of shortening is symptomat-
ic.[18] We believe this shortening is due to impaction of the
cancellous bone within the intertrochanteric region between the
distal and proximal fragments at the time of injury and is reflected
by our CTP measurement. This shortening places the lateral wall
at risk of fracture since the proximal segment can slide until it hits
the lateral cortex of the distal fragment. In contrast, a CMN
prevents the proximal fragment from sliding as far laterally by
providing a more medial stopping point. Other implant-
associated failures associated with SHS reflected the side plate
and barrels inability to hold the fracture in space with weight
bearing—these included cutout and varus collapse. Consequent-
ly, our study showed that CMN implant failures are rare and that
their failure mechanisms appear to be different than associated
with SHS implants. Studies with increased sample sizes could lead
to better understanding of the relationships between fracture
pattern type and failure mechanism for SHS and CMNs.
Our study compares IT fracture implants, so it is important to

discuss the global increased use of CMN implants, which is due to
many factors including training biases. Traditionally, a SHS is
used for a stable fracture pattern and CMN for unstable fractures
since a nail provides an intramedullary buttress that is not
dependent on the integrity of the lateral wall. There is a trend in
the United States to use CMN implants for IT fractures that are
thought to be stable[22] that is attributed to training and surgeon
preferences that changed with the introduction of short
CMNs.[23] However, this trend has also coincided with evidence
that assessment of IT fracture stability using plain x-ray images
only is not able to accurately detect all fracture patterns at risk of
failure when treated with a SHS. This raises the concern that we
are essentially guessing whether a fracture pattern is stable or not
when using plain x-ray images. Studies have published differing
results on their cost-effectiveness, outcomes, and benefits.[22,24–
26] Our study demonstrates that the morphology of the lateral
wall may not be an important factor for predicting failures with
CMN implants, but is important for SHS failures.
Strengths of our study include its clinically applicable findings.

Our study is not intended to advocate for increased CMNuse. No
study to date has proven a demonstrable benefit for the use of
CMN vs. a SHS for “stable” IT fracture patterns.[22,24,27] Some
studies have even found a lower complication rate for SHS
implants when compared with CMN implants.[27] At our
institution, the SHS remains an option for fixation of “stable”
IT fracture patterns given its low-cost, abductor-sparing
approach, and successful outcomes. As a result of this study,
we advocate to obtain a CT scan when a displaced IT fracture
appears “stable” based on x-ray alone but has features
6

concerning for lateral wall compromise (e.g., impaction, possible
fracture lines, thin cortices). CT will demonstrate the true
morphology of the intact lateral wall: the presence or absence of
lateral comminution, coronal splits, and impaction of the
proximal segment into the lateral wall. With this new and
detailed information, then implant selection can be optimized.
Additionally, intraoperative assessment of the lateral wall and
fracture pattern if performing a surgical approach for a SHS may
guide the decision to utilize a trochanteric slide plate. Hopefully,
this strategy can minimize failures of treatment in geriatric IT
fracture patients.
5. Conclusion

This study demonstrates that for 31A1.2 and 31A1.3 inter-
trochanteric hip fractures, a CT offers better assessment of the
lateral wall integrity and morphology when compared with plain
radiographs. As such, using CT affords the opportunity for more
informed decision-making regarding implant selection for
fracture fixation. Hence, for fractures suspicious for loss of
lateral wall integrity, if a CT scan is obtained preoperatively then
a SHS with a TSP or a CMNdevice should be considered to avoid
collapse and complications. However, if a CT scan is completed
preoperatively, then the implant selection decision can be
determined based on the CT findings. Our novel CT measure-
ments (CTP, MALWT, AALWT, and LWAA), and associated
cutoff values, can predict which intertrochanteric hip fractures
are at risk of failure when stabilized with a SHS implant.
References

1. Brauer CA, Coca-PerraillonM, Cutler DM, et al. Incidence andmortality
of hip fractures in the United States. JAMA. 2009;302:1573–1579.

2. Barton TM,Gleeson R, Topliss C, et al. A comparison of the long gamma
nail with the sliding hip screw for the treatment of AO/OTA 31-A2
fractures of the proximal part of the femur: a prospective randomized
trial. J Bone Joint Surg Am. 2010;92:792–798.

3. Kokoroghiannis C, Aktselis I, Deligeorgis A, et al. Evolving concepts of
stability and intramedullary fixation of intertrochanteric fractures—a
review. Injury. 2012;43:686–693.

4. Bhandari M, Tornetta P, Hanson B, et al. Optimal internal fixation for
femoral neck fractures: multiple screws or sliding hip screws? J Orthop
Trauma. 2009;23:403–407.

5. Angelini M,McKeeM,Waddell J, et al. Salvage of hip fracture fixation. J
Orthop Trauma. 2009;23:471–478.

6. Zhang B, Kwong-yuen C, Wang M. Hip arthroplasty for failed internal
fixation of intertrochanteric fractures. J Arthrop. 2004;19:329–333.

7. Pui C, Bostrom M, Westrich G, et al. Increased complication rate
following conversion total hip arthroplasty after cephalomedullary
fixation for intertrochanteric hip fractures: a multi-center study. J
Arthrop. 2013;28:45–47.

8. DeHaan A, Groat T, PriddyM, et al. Salvage hip arthroplasty after failed
fixation of proximal femur fractures. J Arthrop. 2013;5:855–859.

9. Kaplan K, Miyamoto R, Levine BR, et al. Surgical management of hip
fractures: an evidence-based review of the literature. II: intertrochanteric
fractures. J Am Acad Orthop Surg. 2008;16:665–673.

10. Haidukewych GJ. Intertrochanteric fractures: ten tips to improve results.
J Bone Joint Surg Am. 2009;91:712–719.

11. Meinberg EG, Agel J, Roberts CS, et al. Fracture and dislocation
classification compendium—2018. J Orthop Trauma. 2018;32: S1-0.

12. Palm H, Jacobsen S, Sonne-Holm S, et al. Hip Fracture Study
GIntegrity of the lateral femoral wall in intertrochanteric hip fractures:
an important predictor of a reoperation. J Bone Joint Surg Am.
2007;89:470–475.

13. Tawari A, Kempegowda H, Suk M, et al. What makes an intertrochan-
teric fracture unstable in 2015? Does the lateral wall play a role in the
decision matrix? J Orthop Trauma. 2015;29:S4–S9.

14. Hsu C, Chiu Y, Tsai S, et al. Trochanter stabilising plate improves
treatment outcomes in AO/OTA 31-A2 intertrochanteric fractures with
critical thin femoral lateral walls. Injury. 2015;6:1047–1053.

http://www.otainternational.org


Hecht et al. OTA International (2021) e140 www.otainternational.org
15. Han S, Lee B, Kim Y, et al. Usefulness of multi-detector CT in Boyd-
Griffin Type 2 intertrochanteric fractures with clinical correlation. Skelet
Radiol. 2010;39:543–549.

16. Sharma G, Gn KK, Khatri K, et al. Morphology of the posteromedial
fragment in pertrochanteric fractures: a three-dimensional computed
tomography analysis. Injury. 2017;48:419–431.

17. Baumgaertner MR, Curtin SL, Lindskog DM, et al. The value of
the tip-apex distance in predicting failure of fixation of
peritrochanteric fractures of the hip. J Bone Joint Surg Am.
1995;77:1058–1064.

18. Beard DJ, Palan J, Andrew JG, et al. EPOS Study GroupIncidence and
effect of leg length discrepancy following total hip arthroplasty.
Physiotherapy. 2008;94:91–96.

19. Cho JW, Kent WT, Yoon YC, et al. Fracture morphology of AO/OTA
31-A trochanteric fractures: a 3D CT study with an emphasis on coronal
fragments. Injury. 2017;48:277–284.

20. Sharma G, Singh R, Gn KK, et al. Which AO/OTA 31-A2
pertrochanteric fractures can be treated with a dynamic hip screw
without developing a lateral wall fracture? A CT-based study. Int
Orthop. 2016;40:1009–1017.

21. Hsu C, Shih C, Wang C, et al. Lateral femoral wall thickness. Bone Joint
J. 2013;95:1134–1138.
7

22. Parker M. Sliding hip screw versus intramedullary nail for trochanteric
hip fractures; a randomised trial of 1000 patients with presentation of
results related to fracture stability. Injury. 2017;12:2762–2767.

23. Forte ML, Virnig BA, Eberly LE, et al. Provider factors associated with
intramedullary nail use for intertrochanteric hip fractures. J Bone Joint
Surg Am. 2010;92:1105–1114.

24. Reindl R, Harvey EJ, Berry GK, et al. Intramedullary versus
extramedullary fixation for unstable intertrochanteric fractures: a
prospective randomized controlled trial. J Bone Joint Surg Am. 2015;
97:1905–1912.

25. Sanders D, Bryant D, Tieszer C, et al. A multicenter randomized control
trial comparing a novel intramedullary device (InterTAN) versus
conventional treatment (sliding hip screw) of geriatric hip fractures. J
Orthop Trauma. 2017;31:1–8.

26. Niu E, Yang A, Harris AH, et al. Which fixation device is preferred for
surgical treatment of intertrochanteric hip fractures in the United States?
A survey of orthopaedic surgeons. Clin Orthop Relat Res. 2015;
473:3647–3655.

27. Parker MJ, Handoll HH. Gamma and other cephalocondylic intra-
medullary nails versus extramedullary implants for extracapsular hip
fractures in adults. Cochrane database of systematic reviews. 2010;
CD000093.

http://www.otainternational.org

	CT scans better assess lateral wall morphology of ``stable appearing'' intertrochanteric (IT) femur fractures and predict early failure of sliding hip screw (SHS) fixation
	1 Introduction
	2 Methods
	2.1 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


