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Takashi Hisatome* and Kazuyoshi Nakanishi

Department of Orthopedic Surgery, Nihon University Hospital, Japan

Abstract

Purpose: The purpose of this study is to consider the complicated fracture line in trochanteric fractures
of the femur by three-dimensional computed tomography (3DCT).

Methods: 80 cases of trochanteric fracture of the femur, Type 1 according to the Evans Classification were
targeted and the fracture line of 80 joints was considered in detail by 3DCT.

Results: The fracture line of a trochanteric fracture is comprised of a primary fracture line which is con-
sidered to be the standard fracture line and a secondary fracture line which occurs afterwards. The anteri-
or section of the primary fracture line runs from the trochanteric fossa in the frontward direction, passing
through the lateral intertrochanteric eminence and then inward and downward along the intertrochan-
teric line. The posterior section of the primary fracture line occurs at the insertion of the ischiofemoral
ligament adjacent to the trochanteric fossa and goes in the upward direction of the lesser trochanter along
the intertrochanteric groove and connects to the anterior fracture line. In most cases of a secondary frac-
ture line, the fracture runs from upper edge of the lateral intertrochanteric eminence outwardly, traveling
from upper front of the greater trochanter towards the lesser trochanter, causing a greater trochanter
fracture or lesser trochanter bone fragment.

Conclusion: The primary fracture line occurred along the attached area of the capsular ligaments. The
posterior section of the primary fracture line is especially characteristic and is a very important factor in
differentiating between a neck fracture and a subtrochanteric fracture.
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Introduction

Trochanteric fractures of the femur show a complicated fracture line and determining
the type of fracture by plain X-ray is difficult. In recent years, understanding fracture
configuration has become easier with the popularization of 3DCT, and observation of the
correlation between the location of the fracture line and insertion of capsular ligaments has
become possible [1]. Trochanteric fractures were mainly categorized into Type I and Type
II in 1949 by Evans [2]. This classification is based on the degree of damage to the medial
cortical bone of the femur, and the difficulty level in maintaining reduction, and by dividing
cases into a stable type where reduction is easier, and an unstable type where maintaining
reduction is difficult. In 2006, Nakano proposed classification by 3DCT and pointed out that
both the anterior and posterior fracture lines of a standard fracture line basically occur in the
same place in many trochanteric fractures and designated this as the primary fracture line
[3]. Furthermore, a secondary fracture line occurs near the intertrochanteric crest region and
is sub-classified according to the combination of occurring bone fragments. The purpose of
this study is to report the detailed consideration of the fracture line for typical trochanteric
fractures of femur except for reverse oblique fractures which are classified as Type I by the
Evans Classification, using 3DCT.
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Materials and Method

80 joints in 80 cases (10 men, 70 women) of trochanteric
fracture of the femur, Evans Classification Type I according to 3DCT
imaging on one side, and a normal healthy femur on the other side
were targeted. Average age was 82.3 years (range 77-103 years).
The primary fracture line was considered by dividing it into an
anterior section and a posterior section. Definitions of the name of
bone protrusions and depressions used as indicators to describe
the course of fracture line are needed. Well-known anatomical
names of parts of the proximal femur include the intertrochanteric
line, trochanteric fossa, and intertrochanteric crest. The iliofemoral
ligament is attached on the intertrochanteric line and is divided
into the lateral band and the medial band and is called the Y
ligament [4-7]. Matching bony protrusions exist on the insertion of
lateral band and insertion of the medial band and are named the
lateral intertrochanteric eminence and medial intertrochanteric
eminence, respectively (Figurelab). The trochanteric fossa is the
region of insertion of the conjoined tendon and obturator externus.
A depression in the boundary of the neck and intertrochanteric
crest exists distal from the trochanteric fossa [8,9]. This trough-like
depression area does not have an appropriate name and is called
the intertrochanteric groove.

Figure 1A: View from the front Black arrowhead:
lateral intertrochanteric eminence, black arrow: medial
intertrochanteric eminence.

Figure 1B: View from the back white arrowhead:
trochanteric fossa, white arrow: intertrochanteric
groove.

Since the femoral head fragment of a trochanteric fracture of
the femur is often tilted backward, observation of the posterior
section of the primary fracture line by normal 3DCT is insufficient.
Consequently, a 3DCT image was prepared where the femoral head
section that blocks observation of the fracture line was removed and
the fracture could be observed from various angles. Furthermore, the
obturator internus and obturator externus were computed on the
horizontal margin on the healthy side, depressions of each muscle
insertion were identified, and the image was horizontally flipped to
compare with the affected side. Correlation between the fracture
line of the trochanteric fossa on the affected side and insertion of the
obturator internus/externus was considered [10,11].In addition to
the primary fracture line, a secondary fracture line runs outside
the greater trochanter near the lateral intertrochanteric eminence,
and travels from the upper front of the greater trochanter toward
the lesser trochanter. In this study, the running of the secondary
fracture line and connection of the primary and secondary fracture
lines near the lateral intertrochanteric eminence were considered.

Results

The anterior section of the primary fracture line runs downward
along the intertrochanteric line from the lateral intertrochanteric
eminence to lesser trochanter. In many cases, the fracture reaches
the lower section of lesser trochanter, then reverses and slightly
rises to connect with the posterior lower fracture line (Figure
2a,b). In 27 cases 34% the frontal fracture line ran lateral rather
than through the lateral intertrochanteric eminence, 39 cases
48% went through the medial, 12 cases 15% through the lateral
intertrochanteric eminence, and 2 cases 3% ran through both the
lateral and medial.

Figure 2A: Anterior section of the primary fracture
line. The fracture line runs through the lateral
intertrochanteric eminence in the downward direction
and along the intertrochanteric line. In many cases, it
reaches the lower section of the lesser trochanter, then
reverses and slightly rises to connect with the posterior
lower fracture line.
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Figure 2B: Posterior section of the primary fracture
line. The fracture runs from trochanteric fossa to
the upper part of lesser trochanter through the
intertrochanteric groove to connect with the anterior
fracture line.

In all cases, the posterior section of the primary fracture line
occurred consistently at the insertion of ischiofemoral ligament,
close to the insertion of conjoined tendon and obturator externus of
trochanteric fossa (Figure 3). That fracture line continued running
along the intertrochanteric groove, then through upper lesser
trochanter and connecting to the frontal fracture line. Morphology
of avulsion fractures varied, with 68 cases 85% accompanied with
avulsion fracture of the conjoined tendon or obturator externus
tendon. The secondary fracture line occurs midway through the
primary fracture line. The fracture runs from upper edge of the
lateral intertrochanteric eminence outwardly, traveling from upper
front of the greater trochanter towards the lesser trochanter,
causing a greater trochanter fracture or lesser trochanter bone
fragment. It is subclassified as either a greater trochanter fracture
or lesser trochanter fracture, according to site of occurrence.

Figure 3: The fracture line occurs at the insertion of ischiofemoral ligament adjacent to the conjoined tendon and
obturator extermus tendon, in all cases.

In72 cases,asecondary fractureline was observed. Amongthese,
65 cases 90% showed a fracture running along the upper border
of lateral intertrochanteric eminence and were most frequent,
and 7 cases 10% showed a crushed lateral intertrochanteric
eminence (Figure 4). There were 8 cases without a secondary
fracture line (N type), 26 cases with only a greater trochanter
fragment (G type), 1 case with lesser trochanter fragment (L
type), 14 cases with a combined greater trochanter fragment and
a lesser trochanter fragment (GL type), and 31 cases with greater
trochanter fragment and lesser trochanter fragment (G+L type)
(Figure 5). The anterior section of the primary fracture line, Type
1 runs along the intertrochanteric line. Type 2 as reverse obliquity
runs from one location of the intertrochanteric line, on the lateral
diaphyseal region in the transverse or reverse oblique direction,
and then joins the posterior section of the primary fracture line by
running in the front and back symmetrical direction. Furthermore,
It is sub-classified according to a greater trochanter and/or a lesser
trochanter fragment caused by the secondary fracture line. The
connection of the primary fracture line and the secondary fracture
line exists in the proximal end of the lateral intertrochanteric
eminence. This area is the boundary line between the lateral
intertrochanteric eminence and piriformis fossa inserted by the

piriformis and is the transition area of iliofemoral ligament and
ischiofemoral ligament in the anteroposterior direction.

Figure 4: Image of a typical trochanteric fracture.
Black arrow: The primary fracture line and secondary
fracture line join in the area corresponding to the
transition between the iliofemoral ligament and the
ischiofemoral ligament.
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Figure 5: Classification of trochanteric fracture of the femur by 3DCT.

Discussion

Classifications of trochanteric fractures of the femur are
varied [2,12,13]. Evans classification (1949) has long been the
most frequently used and is based on the degree of damage to the
medial cortical bone of the femur as observed by a simple X-ray,
and the difficulty level in maintaining reduction [2]. Trochanteric
fractures were mainly categorized into Type I and Type II. Type I
is fracture where the main fracture line runs from near the lesser
trochanter towards the greater trochanter, and Type II is fracture
where the main fracture line runs in the reverse obliquity from near
the lesser trochanter in the distal outer direction [14-17]. However,
this classification is determined by two-dimensional evaluation
according to simple X-ray image. Due to analysis in 3DCT diagnosis,
application of a fracture line observed by a simple X-ray has
become insufficient. Nakano reported that both the anterior and
posterior fracture lines of the primary fracture lines basically occur
in the same place in many trochanteric fractures, and the anterior
matched the intertrochanteric line, which is the insertion of the
iliofemoral ligament. Shoda [18] classified the femoral trochanteric
fractures as two, three or four parts fractures using combinations
of the head, greater trochanter, lesser trochanter, and shaft using
three dimensional CT [18]. However, they did not consider the site
of travel of the principal fracture line and secondary fracture line.

Due to improvement in image analysis of 3DCT and related
devices, accurate evaluation of the positional relationship of the
insertion of capsular ligaments and the fracture line has become
possible, which is impossible by simple X-ray images alone. In
particular, the posterior section of the primary fracture line was

easily hidden by bone fragments and could not be clearly described
accurately. However, in this study, by removing the femoral head
part which blocks the line of view, the fracture line from the
trochanteric fossa to the intertrochanteric groove can be observed
in detail. As a result, all fracture lines in the trochanteric fossa were
found to occur identically at the insertion of the ischiofemoral
ligament, which is close to the femoral head side of the conjoined
tendon or obturator externus tendon. All cases showed a fracture
line at the insertion of ischiofemoral ligament (Figure 6a,b).

Figure 6A: Axial representation of osseous and
capsular anatomy at the trochanteric fossa.
*ishiofemoral ligament, **conjoined tendon.
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Figure 6B: Insertion of ishiofemoral ligament.

They matched the pattern of running downward from the site
along the intertrochanteric groove, then through the upper edge of
the lesser trochanter and connecting with the fracture line from the
anterior side. The anterior fracture line also runs downward from
lateral intertrochanteric eminence, along intertrochanteric line, in
other words, the insertion of iliofemoral ligament and connected
to the primary fracture line from the posterior side. The hip joint
that connects the lower limbs to the torso, is attached by a strong
capsular ligament. The anterior side is called the iliofemoral
ligament and occurs from the anterior inferior iliac spine and the
upper margin of the acetabulum. This is a strong triangular ligament
which spreads like a fan and ends at the intertrochantericline. [4-7].
The thick iliofemoral ligament is attached on the intertrochanteric
line at a width of approximately 1.5cm. The center part is relatively
thin and weak while the two borders are reinforced by two strong
fiber bundles [19]. In particular, the inferior runs wide and long
in the downward direction in spike form to the anterior of the
lesser trochanter, then ends. In some trochanteric fractures, the
proximal bone fragment is a spike-like fracture and is largely
displaced towards the front. This is caused by the attachment
of this ligament. On the other hand, on the posterior side, the
ischiofemoral ligament occurs from posteroinferior region of the
acetabulum and stops to the femoral side. [10,11,19, 20]. Actually,
this insertion of ischiofemoral ligament located on the femoral head
side of the insertion of the conjoined tendon or obturator externus
tendon and is proximally adjacent to the trochanteric fossa. Fibers
of the ischiofemoral ligament cross the posterior aspect of the
femoral neck and join directly with the zona orbicularis, which is
free end, then connect to the anterior capsule at the upper lesser
trochanter [4]. In other words, the primary fracture of trochanteric

fracture occurs along the capsular ligaments for both the anterior
and posterior, and in the site where the capsule is partially free-
end, it runs along the intertrochanteric groove which has less bone
strength and joins to form a complete circuit. The primary fracture
line and the secondary fracture line join in the proximal end of the
lateral intertrochanteric eminence. The site is corresponding to
the transition area of iliofemoral ligament and the ischiofemoral
ligament. A difference in development course of the primary fracture
line and secondary fracture line is hypothesized. First, compressive
stress is applied to the depressed area of the posterior side, and
the fracture occurs along the insertion of iliofemoral ligament at
a symmetrical position. The posterior fiber of the gluteus medius
is attached to tip of the greater trochanter. The gluteus minimus is
attached to the anterior aspect of the greater trochanter [21-25]
(Figure 7). The secondary fracture line develops as these muscles
pull, and various types of greater trochanter fragment or lesser
trochanter fragment occur.

Secondary fracture line

Figure 7: The secondary fracture line on a greater
trochanter.

In cases where only a greater trochanter fragment occurs,
secondary fracture line merges with the posterior primary fracture
line and joins at the upper lesser trochanter. In cases with a lesser
trochanter fragment, it passes through the lower end of lesser
trochanter and connects to the anterior fracture line (Figure 8).
Depending on the direction and size of displacement, an anterior
wall fracture may occur, or the lesser trochanter is broken into
finely comminuted pieces. The medial femoral circumflex artery
supplies most of the blood flow of the femoral head, and its terminal
branches pierce the superolateral capsule and run deep into the
synovial reflection before centering the femoral head just distal to
the articular junction [15].
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Anterior

Posterior

Posterior

Figure 8: Connection between the primary fracture line and the secondary fracture line in the trochanteric fracture
of the femur. Blue line: The primary fracture line, Red line: The secondary fracture line.

Inferior retinacular artery
Medial circumflex femoral artery

Lateral circumflex femoral artery

Figure 9A: Blood flow of the femoral head. Blood
supply from the medial circumflex artery is preserved in
trochanteric fractures.

An anatomical characteristic of trochanteric fractures is
that blood circulation of the femoral head is preserved since the
posterior fracture line breaks at the insertion of ischiofemoral
ligament located distally in the synovial retinaculum. In contrast,
since neck fractures occur proximal to the synovial retinaculum,
the nutrient carrying vessels to the femoral head are blocked, and
avascular necrosis of the femoral head easily occurs. Difference in
the disturbance due to blood blockage to the femoral head in neck
fractures and trochanteric fractures is determined by the location
of the fracture line of the posterior femoral neck. In other words, if
the primary fracture line in the posterior section occurs from the
insertion of the ischiofemoral ligament to the intertrochanteric

groove, it can be defined as a trochanteric fracture, and is clearly
classified as a neck fracture or subtrochanteric fracture. In this
way, classifying trochanteric fractures according to the position of
the fracture line is also very important to determine the difference
of not only neck fractures and subtrochanteric fractures, but also
Basi cervical fractures (Figure 9a,b). In cases of an unstable pattern
(for example: fractures with posteromedial comminution, reverse
oblique, intertrochanteric fractures with subtrochanteric extension,
or lateral wall blow out), 3DCT can be an effective aid in evaluating
the fracture type and in the selection of a fixation device [26]. By
this study, understanding the pattern of a typical intertrochanteric
fracture line could be clarified, which is a helpful in understanding
fracture lines observed by simple X-ray.

Anterior capsule

Trochanteric fx

Basicer\'iua}( —

Figure 9B: The fracture line in the neck fracture, the
basicervical fracture and the trochanteric fracture.
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Conclusion

“A trochanteric fracture of the femur consists of a primary
fracture line and secondary fracture line. The primary fracture
line occurs from the insertion of ischiofemoral ligament to the
intertrochanteric groove in the posterior section, and in the
anterior section, it occurs following along the intertrochanteric line
which is the insertion of the iliofemoral ligament. In other words,
this is a fracture where the primary fracture line occurs along the
insertion of capsular ligaments.” The secondary fracture line occurs
midway through the primary fracture line, runs from upper front
of the greater trochanter towards the lesser trochanter, causing
a greater trochanter fracture or lesser trochanter bone fragment.
They are sub-classified according to whether a greater trochanter
fracture or lesser trochanter fracture occurs.
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