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Abstract

Background: Available research about the anatomic patterns of intertrochanteric fractures is lacking, and fracture mapping has§
previously been performed on intertrochanteric fractures. This study aimed to determine the major trajectories of intertrochanteric
fracture lines using computed tomography data from a series of surgically treated patients.

Methods: In this study, 504 patients with intertrochanteric fractures were retrospectively analyzed. Fracture patterns were graded
according to Arbeitsgemeinschaft fiir Osteosynthesefragen (AO) classification. Fracture lines were transcribed onto proximal
femoral templates and graphically superimposed to create a compilation of fracture maps that were subsequently divided into
anterior, posterior, lateral, and medial fracture maps to create a three-dimensional (3D) pattern by reducing fragments in the 3D
models. The fracture maps were then converted into frequency spectra. The major fracture patterns were assessed by focusing on the
lateral femoral wall, lesser trochanter, intertrochanteric crest, and inner cortical buttress.

Results: Anterior, posterior, lateral, and medial fracture maps were created. The majority of fracture lines (85.9%, 433/504) on the
anterior maps were along the intertrochanteric line where the iliofemoral ligament was attached. In the medial plane, the majority of
fracture lines (49.0%, 247/504) shown on the frequency spectrum included the turning point involving the third quadrant. In the
posterior plane, the majority of fracture lines (52.0%, 262/504) involved the intertrochanteric crest from the greater to the lesser
trochanter. In the lateral plane, the majority of fracture lines (62.7%, 316/504) involved the greater trochanter at the gluteus medius
attachment.

Conclusions: The fracture patterns observed in the present study might be used to describe morphologic characteristics and aid with
management strategies. Further classifications or modifications that incorporate the fracture patterns identified in this study may be
used in future research.
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Background
sociation (OTA) classification'®’!; the AO classification is

The incidence of intertrochanteric fractures is increasing

remarkably due to the increasing elderly po?ulanon and
rapidly developing automobile industry.! Surgical
intervention is the most common treatment for intertro-
chanteric fractures, and the preferred surgical strate y is
appropriate 1nternal fixation and early mobilization.!* The
therapeutic goals are to achieve stable fixation, allow early
mobilization, restore the baseline functional mobilit?f and
independence, and improve patient’s quality of life."!

Several classification systems have been used to assess and
manage 1ntertrochanter1c fracturess, including Evans clas-
sification,*! Jensen classification,'”! Boyd-Griffin classifi-
cation,'® Kyle classification,!”! and Arbeitsgemeinschaft
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the most commonly used in clinical practice. These
classification systems describe fracture types, stability,
and patterns and predict post-operative prognosis. How-
ever, with developments and advances in radiography, the
above “classic” X-ray-based classifications are now
considered insufficient and have limited ability to provide
accurate and consistent information about the actual
fracture morphology.!'"3! Intertrochanteric fractures are
very difficult to precisely diagnose, especially those
involving larﬁe oblique fragments that include the lesser
trochanter.!

With advances in radiography, computed tomography
(CT) and three-dimensional (3D) CT have been widely
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used in clinical settings to provide precise evaluation and
diagnosis in orthopedics. A method for describing the
fracture lines in 3D intertrochanteric fracture patterns is
required to explain the morphology and fracture mecha-
nism. A better understanding of the common fracture
patterns of intertrochanteric fractures would facilitate
surgical strategies, pre-operative planning, and implant
strategy design and help clinicians determine optimal
approaches, better achieve anatomical fracture reduction,
and decrease fixation failures. Furthermore, CT is
considered a useful diagnostic modality in the pre-
operative planning of managing intertrochanteric frac-
tures. To date, studies have described fracture mapping for
scapular fractures,!"! pilon fractures,'® tibial plateau
fractures,'”! and proximal humeral fractures.'"®! Howev-
er, available research about the anatomic patterns of
intertrochanteric fractures is lacking, and fracture map-
ping has not previously been performed on intertrochan-
teric fractures. Thus, this study aimed to map
intertrochanteric fracture lines using CT data.

Methods

Ethical approval

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of the Ethics Review Board of Chinese PLA
General Hospital. Informed written consent was
obtained from all patients before their enrollment in this
study.

Patients

This study included 504 consecutive intertrochanteric
fractures treated surgically at Department of Orthopae-
dics, Chinese PLA General Hospital between September
2009 and May 2017. The inclusion criteria were as
follows: (1) CT data of the proximal femur obtained before
surgical intervention; (2) CT images with a thickness
<3.0 mm; (3) a minimum of 1 year of radiographic follow-
up; (4) age >18 years; (5) low-energy mechanism of injury.
The exclusion criteria were as follows: (1) patients with
pathological fractures; (2) patients with mental disorders;
(3) patients walking with assistive devices before the
fractures; (4) patients’ fractures with associated neuro-
vascular injuries; (5) patients with previous surgery or
osteoarthritis on the affected hip joints.

Proximal femoral templates

Essential Skeleton 4 (3D4 Medical, San Diego, CA, USA)
was used to export the typical anterior, posterior, medial,
and lateral images of a 3D proximal femur positioned in
the anatomic plane. The above two-dimensional (2D)
images were imported into Adobe Photoshop CC 2015
(Adobe Systems Software Ireland, Dublin, Ireland) and
became the fracture mapping templates.

Fracture models

The original Digital Imaging and Communications in
Medicine files of the CT data were collected and imported
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into Mimics 15.0 (Materialise, Leuven, Belgium). We
reconstructed all 3D fragments of every patient. With
application of the move and rotate function, each fragment
was virtually reduced in the 3D view. Consequently, the
fracture lines were clearly observed. These reductive
fracture models were then modified to develop 2D images
that were presented in the same anatomic plane as the
templates. With Mimics and Adobe Photoshop open side
by side, the fracture lines were transcribed freehand onto
the template layer and graphically superimposed to create
a fracture mapping compilation [Figure 1A-C]. Notably,
only one researcher performed the transcriptions and the
process was re-evaluated by a senior consultant orthope-
dist. Any disagreement between the two observers was re-
evaluated. Each simulative reductive intertrochanteric
fracture could be viewed in the 3D images that were
freely rotated to create a clearer view of the fracture
pattern. The overlapping of all layers resulted in maps with
density variations relative to the fracture frequency and
fragment zones.

Fracture descriptions

The fracture map was subsequently divided into
anterior, posterior, lateral, and medial views. To assess
the fracture patterns, the anterior fracture template is
shown in Figure 2; the medial fracture template was
divided into four zones; the posterior fracture template
was analyzed according to the fracture fragments and
intertrochanteric crest integrality; and the lateral
fracture template was divided into four zones. The
fracture lines drawn on the template are described
according to specific zones.

Fracture line frequency spectrum

To further enhance the 2D fracture maps, frequency
spectra were created on which the fracture line intensities
were graphically represented as colors. All layers on which
the fracture lines were drawn were exported from Adobe
Photoshop CC 2015 and saved as jpg. files. We
programmed a PC using Matlab (MathWorks, Natick,
MA, USA) to create a frequency spectrum based on the
data density. The programming content is shown in the
supplemental data, http:/links.lww.com/CM9/A91.

Statistical analysis

The analysis was descriptive. Patient characteristics
are summarized as mean + standard deviation (SD) for
continuous variables and as frequencies and percentages
for categorical variables. The fracture maps illustrated the
fracture location, while the frequency spectra illustrated
the fracture line majorities and trajectories.

Results

Patient characteristics

The cohort of 504 patients (including 195 men, 309
women; 252 right, and 252 left hip fractures) had a wide
range of intertrochanteric fracture types. The mean patient
age was 80.2 + 13.0 years (range: 20.0-103.0 years).
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Figure 1: Images illustrating the fracture mapping method. (A) Every fragment was reconstructed in Mimics. (B) Fracture fragments were selected for reduction in the three-dimensional
views. (C) Fracture lines were transcribed freehand onto the two-dimensional template in Adobe Photoshop.

Figure 2: Anterior view: the anterior fracture template was analyzed according to trajectory of fracture lines. Medial view: the first line extended from the intersection point of the
intertrochanteric line and medial plane to the upper edge of the lesser trochanter. A second vertical line was placed at the midpoint of the first line. The numbers indicate the corresponding
quadrants. Posterior view: the posterior fracture template was analyzed according to fracture fragments and integrality of the intertrochanteric crest. Lateral view: the first horizontal line was
placed along the vastus lateralis ridge, while the second vertical line equally divided the lateral plane. Thus, four zones were created.
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Fracture map using AO classification

As defined by AO/OTA classification, 32.3% (163/504)
had A1 fractures, 56.0% (282/504) had A2 fractures, and
11.7% (59/504) had A3 fractures [Figure 3].

Anterior fracture map

The majority of fracture lines were concentrated at the
intertrochanteric line where the iliofemoral ligament was
attached with a trajectory running from superolateral to
inferomedial. The anterior fracture map is shown in
Figure 4. Based on the fracture pattern in the anterior
plane, the fractures were divided into typical and non-
typical fracture lines. Typical fracture lines (433 cases,
85.9%) were those in which a single fracture line ran from
superolateral to inferomedial. A non-typical fracture
pattern was identified in 71 patients (14.1%): 9 (1.8%)
with reversed V fracture lines, 16 (3.2%) with transverse
oblique fracture lines, 34 (6.7%) with a combination of
pertrochanteric and lateral wall fractures, and 12 (2.4%)
with multiple intertrochanteric lines.

Medial fracture map

A cross was constructed at the medial plane to form four
parts. The medial fracture map is shown in Figure 5. The
position of the turning points (the intersection between the
major line and the line involving the lesser trochanter) of
the fracture lines and fracture patterns were assessed. The
turning point of the majority of fracture lines was located
in the third quadrant, indicating lesser trochanter detach-
ment from the medial cortex. Of the entire cohort, 5.0%
(25/504) had a turning point of fracture lines in the second
quadrant, 49.0% (247/504) had a turning point in the
third quadrant, and 10.3% (52/504) had a turning point in
the fourth quadrant. A simple fracture line traversed the
first and second quadrants in 14.7% (74/504) and the third
and fourth quadrants in 21.0% (106/504).

Posterior fracture map

The posterior fracture map is shown in Figure 6. The
majority of fracture lines involving the intertrochanteric
crest were discontinuous or comminuted and extended from
the greater to the lesser trochanter. According to fracture
pattern, six types were identified: Type I, only the fracture
line was seen in the posterior basal part of the femoral neck
and the trochanteric crest was intact (66/504, 13.1%); Type
I1, the proximal part of the crest appeared fragmented but
the distal lesser trochanter was intact (95/504,18.9%); Type
I, the distal lesser trochanter was fragmented but the
proximal part of the crest was intact (22/504, 4.4%); Type
IV, only one fracture fragment was seen in the posterior
trochanteric crest that involved the distal lesser trochanter
and proximal greater trochanter (89/504, 17.7%); Type V,
two or more fracture fragments were seen in the posterior
trochanteric crest (173/504, 34.3%); and Type VI, reverse
trochanteric fracture (59/504, 11.7%).

Lateral fracture map

The lateral fracture map is shown in Figure 7. The majority
of fracture lines involved the greater trochanter where the
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gluteus medius attached with a trajectory running from
anterosuperior to posteroinferior. According to the lines
involving the different zones, all fractures were divided into
four groups: Group I (89/504, 17.7%) included those with
no fracture line; Group Il (316/504, 62.7%) included
fractures that traversed the first and second zones; Group
I (45/504, 8.9%) included fractures that partially
involved the lateral wall; and Group IV (54/504,
10.7%) included fractures that involved the entire lateral
wall.

Discussion

In the present study, the fracture mapplng related
technlg]‘ue described by Armitage et al''*! and Mellema
et al™! was applied to 504 intertrochanteric fractures to
make the shape characteristics of this osteoporosis-related
fracture easy to understand. A qualitative method of
freehand transcription drawn on the four orthogonal
direction planes based on the 3D pre-reduction model was
proposed and combined with a quantitative method of a
frequency spectrum map to provide a comprehensive
description of intertrochanteric fracture morphology. This
study showed that morphologic characteristics of the
fracture lines were diversified, the fracture pathology was
complicated, and the fracture pattern variations were far
wider than the existing fracture classifications could
include.

Several classification systems have been widely used in the
clinical setting to assess and manage 1ntertrochanter1c
fractures, 1nclud1ng Evans clas51ﬁcat10n I Jensen classi-
ﬁcatlon I Boyd-Griffin cla551ﬁcat10n I'Kyle classifica-
tion,! 7Iand AO/OTA classification. ™% All classifications
mentioned above were based on radlographlc evalua-
tions. The classification proposed by Evans et allin 1949
was based on the fracture line direction with special
emphasis on reduction stability, which divided the
fractures into five types. Boyd-Griffin classification!®!
divided the fractures into four types based on the relative
ease or difficulty of securing and maintaining the
reduction because the author thought that this provided
valuable information in the therapeutic planning and
estimation of post- operatlvesprognosis. In 1980, based on
Evans classification, Jensen!®! considered plain lateral X-
ray assessments. Involvement of the greater trochanter
and calcar femorale was considered in this study, as it
contained the most reliable information about the
possibility of obtaining stable fracture reduction and
most accurately predicted the risk of secondary fracture
dislocation. In 1979, Kyle classification!”! was also
developed according to Evans clasmﬁcauon And finally,
the AO/OTA classification system!®*! was proposed with
emphasis on fracture line pattern stability. However,
critical morphologic details such as fracture orientation,
medial fragment size, and comminution zones of the
intertrochanteric crest cannot accurately be reflected in
those classification systems,!'®! which may result in
difficulties and limitations with surgical planning and
implant strategies. The purpose of this study was not to
propose a new classification system; however, the trends
presented in the fracture maps and the frequency spectra
may prove useful in facilitating improved fracture
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Figure 3: Fracture map using Arbeitsgemeinschaft fiir Osteosynthesefragen classification. (A) The 31-A1 fracture types (pertrochanteric simple) and frequency spectrum displaying fracture
line patterns and distributions. Fracture lines are shown as black lines on the template, while fracture line intensity is illustrated on a frequency spectrum. Fracture counts by type: 31-A1.1
(n=63), A1.2 (n=99), A1.3 (n=1). (B) The 31-A2 fracture types (multi-fragmentary pertrochanteric) and frequency spectrum displaying fracture line patterns and distributions. Fracture
lines are shown as black lines on the template, while fracture line intensity is illustrated on a frequency spectrum. Fracture counts by type: 31-A2.1 (n = 30), A2.2 (n = 216), A2.3 (n = 36).
(C) The 31-A3 fracture type (intertrochanteric) and frequency spectrum displaying fracture line patterns and distributions. Fracture lines are shown as black lines on the template, while
fracture line intensity is illustrated on a frequency spectrum. Fracture counts by type: 31-A3.1 (n=6), A3.2 (n=7), A3.3 (n = 46).
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Non-typical fracture pattern (71/504, 14.1%)

Figure 4: Anterior view of the fracture map and frequency spectrum.

Typical fracture lines (433/504, 85.9%)

Combination of PLF (34/504, 6.7%)

Multiple intertrochanteric lines (12/504, 2.4%)

mechanism and surgical understanding of reduction and
fixation concepts to better manage intertrochanteric
fractures.

Generally speaking, these classification systems have been
used in clinical practice for decades and re-considered
useful in treatment planning and outcome predictions.
Unfortunately, the above mentioned “classic” classifica-
tions were developed using X-rays during an era before the
advent of CT scans, which was considered inaccurate for
the diagnosis of fracture patterns.'%'" Therefore, classifi-
cation systems based on CT data are needed to achieve
precise diagnoses of intertrochanteric fractures and best
evaluate and treat them. Fortunately, in more recent
studies, researchers have re-evaluated classifications and
introduced some new classifications based on CT data. In
2016, Futamura et al'*®! introduced a classification that
divided intertrochanteric fractures into three types accord-
ing to the relationship between attachment of the
iliofemoral ligament and course of the fracture line: type
I, the lateral wall pattern; type II, the transverse pattern;

and t?rpe 111, the reverse oblique pattern. In 2017, Shoda
et al™ also proposed a CT-based classification by
modifying the Nakano classification.*!! In this study,
fractures were classified as having two, three, or four parts,
using combinations of the head, greater trochanter, lesser
trochanter, and shaft. Three-part fractures were classified
into five sub-groups according to whether the fracture
pattern involved the greater and lesser trochanters.

However, most of those classification systems for
intertrochanteric fractures have limited reliability and
are inadequate for pre-operative planning because they
were proposed according to the author’s experience or
observations instead of consisting of a series of mapped
fractures. Post-operative complications such as delayed
removal of the lag screw, union, or even non-union are not
rare even in cases of stable intertrochanteric fractures
according to the available classifications.”>?3! The new
proposed CT-based classifications have not been applied in
the clinical setting; thus, clinical practice tests are needed.
Whether these classification systems have acceptable

2529


http://www.cmj.org

Chinese Medical Journal 2019;132(21)

WWW.Cmj.0rg

Figure 5: Medial view of the fracture map and frequency spectrum.

Turning point at the second quadrant

(25/504, 5.0%)

Turning point at the third quadrant
(247/504, 49.0%)

Turning point at the forth quadrant
(52/504, 10.3%)

Simple line in the upper quadrant

(74/504, 14.7%)

Simple line in the lower quadrant

(106/504, 21.0%)

reliability remains to be explored. Furthermore, inter-
trochanteric fractures can be very difficult to diagnose
precisely, especially those involving lar%e oblique frag-
ments including the lesser trochanter.'*! Therefore, a
better understanding of the features of intertrochanteric
fractures is warranted.

Notably, to our knowledge, this is the first study to explore
mapping of intertrochanteric fractures. To assess fracture
pattern, four fracture views were created [Figures 4-7] to
indicate 3D orientation of the fracture lines. Fracture maps

in just one plane have been widely used in some previous
studies, including scapular fractures,!'>! tibial plateau
fractures,**! pilon fractures,''® coronoid fractures,!'”!
radial head fractures,'”! and olecranon fractures.*®! The
fracture map that includes four orthotropic planes is
considered better able to demonstrate the fracture
characteristics and provides detailed information about
fracture morphology. Moreover, we analyzed the fracture
orientation based on the frequency spectrum and divided
the fracture map into types according to the involved
anatomic landmarks. The anterior fracture map was
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Figure 6: Posterior view of the fracture map and frequency spectrum.

Type I (66/504, 13.1%)

Type 11 (95/504, 18.9%)

Type 111 (22/504, 4.4%)

Type IV (89/504, 17.7%)

Type V (173/504, 34.4%)

Type VI (59/504, 11.7%)

divided into two types according to the directions of
fracture lines; the medial fracture map was analyzed based
on the positional relationship between the posteromedial
fragment and the major fracture line; the posterior fracture
map was analyzed according to the fracture fragments and
the integrality of the intertrochanteric crest, and the lateral
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fracture map was evaluated based on the integrality of the
lateral femoral wall.

Our findings showed that the majority of fracture lines
shown on the frequency spectrum were along the
intertrochanteric line at the attachment point of the
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Figure 7: Lateral view of the fracture map and frequency spectrum.

No fracture line (89/504, 17.7%)

Fractures in the upper zone

(316/504, 62.7%)

Fractures partially involved
the lateral wall

3 (45/504, 8.9%)

Fractures wholly involved
the lateral wall

(54/504, 10.7%)

iliofemoral ligament. The non-typical fracture lines
showed a reverse V pattern, transverse oblique fracture
lines, and a combination of pertrochanteric fractures and
lateral wall fractures, similar to the classification system
proposed by Futamura et al*°! In the medial plane, we
focused on the trajectory of the lesser trochanter fracture
line and the major fracture line. We assessed the location of
the turning point to indicate the fragment sizes of the lesser
trochanter and remaining medial cortices of the proximal
femur. The majority of fracture lines shown on the
frequency spectrum included the turning point involving
the third quadrant, indicating that most patients had lesser
trochanter detachment but adequate sustainable medial
cortices to provide stability, unlike those involving the
fourth quadrant. In the posterior fracture map, all
intertrochanteric fractures involved the posterior base of
the femoral neck. The majority of fracture lines involved

the intertrochanteric crest from the greater to the lesser
trochanter, indicating fragility of the intertrochanteric
crest and the easily affected area of the posteromedial
cortices and the intra-medullary nail entry point. In the
lateral plane, the fractures partially involved the lateral
wall in 8.9% of cases and the entire lateral wall in 10.7%
of cases. More precise and accurate information about
intertrochanteric fractures was provided, enabling better
surgical approaches, pre-operative planning, and implant
strategies. The features of the intertrochanteric fracture
patterns identified in this study may facilitate communica-
tion among surgeons. And the characteristics of fracture
line indicated that the size of the intertrochanteric crest
detachment affected the fragments of the greater and lesser
trochanters. Based on the 3D mapping, structures of
fragment size of the intertrochanteric crest, medial cortical
support, and lateral femoral wall were mostly involved in
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the frequency spectra, which were vital factors in the
treatment of the intertrochanteric fractures, but did not be
considered in the existing classifications. The future
classification system would incorporate the fracture
patterns identified in this study.

The study limitations included the following. First, we used
a subjective simplification of drawn fracture lines when the
major fracture fragments and lines were unclear. Second,
one might argue that the interpretation of fracture maps
was subjective because the methods and results were
descriptive in nature. However, our database was
relatively larger than that of previous studies.

In conclusion, the fracture patterns observed in the present
study might be used to describe fracture morphologic
characteristics, understand fracture mechanisms, and aid
in management strategies. Further classifications or
modifications that incorporate the fracture patterns
identified in this study may be useful in future research.
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