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Abstract
Objective To investigate the usefulness of multi-detector
computed tomography (MDCT) in three-part intertrochanteric fractures of proximal femur.
Materials and Methods Twenty-six patients with BoydGriffin type 2 intertrochanteric fractures with MDCT
(group 1) and 36 patients of the same type fracture without
MDCT (group 2) were compared. Lesser trochanter (LT)/
greater trochanter (GT) volume ratio above 0.5 or the
volumetric proportion of GT in total volume of proximal
femur below 25% was considered an unstable fracture. The
fractures were fixed with dynamic compression hip screws
(DCS). Additional greater trochanter stabilizing (GTS) plate
or bone cement augmentation of the femoral head was
performed in unstable fractures. Clinical outcome between
the two groups by fixation failure and radiological results
was compared.
Results The volume ratio of the LT/GT was 0.33 (range,
0.13–0.73). The volume of the LT was inversely correlated
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with that of the GT (p<0.001). The volume of the GT was
significantly correlated with the LT/GT ratio or the head
and neck (HN)/GT ratio (p<0.001). Seven cases were
regarded as unstable fractures in group 1. Fixation failures
happened in one case in group 1 and five cases in group 2.
There was significantly lower failure rate in group 1 than
group 2 (p=0.03). Neck-shaft angle at last follow-up was
134.8°±5.3 in group 1 and 131.3°±5.1 in group 2 (p=
0.01). The sliding length of lag screws were 5.6°±2.9 mm
in group 1 and 8.3°±3.2 in group 2 (p=0.03).
Conclusion Preoperative use of MDCT provides useful
information about the fracture pattern and the geometry of
the proximal femur in unstable intertrochanteric fractures
and helps surgical planning. The ratio of the LT to the GT is
inversely correlated with fracture stability.
Keywords Intertrochanteric fracture . Boyd-Griffin type 2 .
Dynamic compression hip screw . Multi-detector computed
tomography (MDCT) . Geometry

Introduction
Intertrochanteric fractures in the elderly are a frequent
problem and are becoming more common as the proportion
of elderly people in the population increases. Sometimes
such fractures can become life-threatening disasters during
or after treatment in elderly patients [1]. Surgery is the
treatment of choice for both stable and unstable intertrochanteric fractures [2, 3], with the goal of achieving stable
fixation to allow early patient mobilization and to restore
the patient’s previous level of activity and function [3, 4].
Compression hip screws have been widely used for the
treatment of intertrochanteric fractures because of their
biomechanical and theoretic advantages [5, 6], but they
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have a relatively higher rate of failure compared to other
methods [1, 7–10]. Excessive sliding of the lag screw or
cutting out from the femoral head are common failure
modes, especially in unstable fractures. Factors contributing
to fixation failures in intertrochanteric fractures using
compression hip screws are facture stability, comminution,
osteoporosis, the type of reduction, and surgical techniques
[3, 7, 8, 11]. This combination of factors has been
implicated in the difficulty in obtaining and maintaining
stable reduction and rigid internal fixation of unstable
intertrochanteric fractures. The use of methylmethacrylate
bone cement in osteoporotic intertrochanteric fractures
reduced significantly the incidence of cutting-out of lag
screws by increasing the purchase power of the screw
within the head [12].
The classification system of trochanteric fractures contains valid information about fracture stability, but sometimes surgeons using them still cannot predict precisely the
risk of postoperative fixation failure. Also, surgeons may
have seen different clinical outcomes of trochanteric
fractures, even among those with fracture patterns, degree
of osteoporosis, and quality of applied surgical techniques
that are nearly the same.
Boyd-Griffin type 2, posteromedial comminuted fractures, are the most frequent fracture pattern of unstable
fractures [13]. The posteromedial fragment is thought to be
the keystone to mechanical stability for intertrochanteric
fractures. It has long been known that the size of the
displaced posteromedial fragment affects fracture stability
[14, 15]. Jacobs et al. [16] suggested that the greater
trochanter plays the role of lateral buttress in resisting stress
during impaction of fracture surfaces. Also, use of an
attachable lateral support plate could greatly decrease the
rate of fixation failures in unstable intertrochanteric
fractures [17]. Recent research has addressed the importance of the lateral trochanteric wall for maintenance of
stable bone-implant construction in the treatment of
intertrochanteric fractures with dynamic compression hip
screws [18]. We hypothesized that the size of the lateral
trochanteric wall as well as the size of posteromedial
fragment can affect fracture stability and that the size of
both fragments could affect each other’s stability.
Osteosynthesis is the treatment of choice in stable
trochanteric fractures, whereas replacement arthroplasty
[19] can be another surgical option in severely unstable
fractures, especially in elderly patients. Thus, a precise
preoperative evaluation of stability in intertrochanteric
fractures is very important for surgical planning. Threedimensional CT scanning is a useful tool for understanding
the exact type of fracture pattern and estimating dimensional volumes or bone-mineral density. We investigated
how the volumetric proportions are distributed among each
fragment of Boyd-Griffin type 2 intertrochanteric femoral
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fractures by measuring the dimensional volumes of fragments in elderly patients for determining fracture stability.
When the fracture was regarded as an unstable one, we
applied DCS plus additional fixation such as GTS plate or
bone cement augmentation to enhance the stability of boneimplant assembly. And we preoperatively evaluated the
efficacy of MDCT for predicting the fracture stability of a
three-part intertrochanteric fracture.

Materials and methods
Between March 2004 and February 2006, 69 patients, each
at least 65 years old, were admitted to our institution with
three-part intertrochanteric fractures (Boyd-Griffin type 2 or
Jensen’s modification [20] of Evans’s classification type 4)
were included in our study. According to AO/OTA
classification, there were 6 cases in A2.1, 18 cases in
A2.2 and 2 cases in A2.3 in group 1. In group 2, there were
14 cases in A2.1, 19 case in A2.2 and 3 cases in A2.3.
Among them, seven patients were excluded due to
inadequate period of follow-up or death. Fifty-eight patients
were injured when they slipped; the other 4 patients were
injured when they fell down. Consecutive 26 patients (3
males and 26 females, group 1) with MDCT (group 1)
between February 2005 and February 2006 and consecutive
36 patients (7 males and 29 females, group 2) without
MDCT (group 2) between March 2004 and January 2005
were included. The average age of the patients was
76.7 years (range, 65–89 years) in group 1 and 77.6 years
(range, 65-95) in group 2.
Before surgery, all patients underwent three-dimensional
16-row multidetector CT scanning (Light Speed 16, GE
Healthcare, Waukesha, WI, USA) with 1.25-mm acquisition. Intravenous contrast was not used. Scan duration was
8-10 s depending on the area to be scanned. Slice thickness
was 1.25 mm and pitch was 1.375. Table speed was 17 mm/s.
The kVp was 120 with 50-350 mA. CT raw data were
transferred to a workstation (AW 4.1 systems using the
volume analysis software tool; GE, Waukesha, WI, USA),
and volume rendering image and multiplanar reconstruction
were obtained. The three fragments of Boyd-Griffin type 2
intertrochanteric fractures were classified as the lesser
trochanter (LT), greater trochanter (GT), and the femoral
head-neck (HN). GT was defined as the bony fragment
from the proximolateral bony protrusion of the femoral
shaft from its top to 7 cm below. The volume of each
fragment was measured by a musculoskeletal radiologist.
LT/GT volume ratio above 0.5 or the volumetric proportion
of GT in total volume of proximal femur below 25% is
considered as an unstable fracture. All patients in both
groups were operatively given dynamic compression hip
screws by a single surgeon (SKH). When LT/GT volume
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ratio was above 0.5, we performed an additional plating
using TSP (Fig. 1). And when the volumetric proportion of
GT in total volume of proximal femur was below 25%, we
augmented bone cement around the lag screw in the femoral
head. Preoperatively, we did not consider the status of bone
densitometry because all patients in our study were elderly.
Also, the choice of bone cement was done only by our
criteria.
Fixation failure was defined as the cutting-out of the lag
screw from the head, nonunion or excessive sliding of the
lag screw more than 25 mm. We also measured neck-shaft
angle and sliding length of the leg screw in hip anteroposterior (AP) radiograph. Clinical outcome was compared between two groups by fixation failure and
radiological results.
Statistics
SPSS software (version 11.0 for Windows 95, SPSS,
Chicago, IL, USA) and the Kruskal-Wallis test, Student’s
t-test, and Pearson correlation coefficient analysis were
used to analyze the data. A p value of <0.05 was considered
statistically significant.

Results
Radiologic measurements by MDCT
The mean volume of the proximal femur (the sum of the
volumes of the three fragments) was 157.8±13.2 cm3.
The mean volume of the LT was 14.7±4.2 cm3, and the
proportion of the LT in the proximal femur was 9.3±2.1%.
The mean volume of the GT was 51.5±13.9 cm3, and its
proportion in the proximal femur was 32.1±7.9%. The
ratio of the LT to the GT was 0.33 (range, 0.13–0.73). The
mean volume of the GT was approximately 3 times that of
the LT. The mean volume of the HN was 92.0±11.1 cm3,
and its proportion in the proximal femur was 58.3±6.1%.
The volume of the LT in the proximal femur was inversely
correlated with that of the GT (p<0.001). Also, the
proportion of the LT in the proximal femur was significantly correlated with the proportion of the GT or the HN
in the proximal femur (p<0.001). The average ratio of the
LT to the GT was 0.33 (range, 0.13–0.73), and the
differences in ratio varied 1–6 times. The average ratio
of the HN to the GT was 1.99 (range, 1.1–4.1), and the
differences in ratio varied 1–4 times. However, the
average ratio of the LT to the HN was 0.16 (range, 0.12–
0.19), and it was relatively consistent. Patient profile and
volumes of each fragment are summarized in Table 1. The
volume of the GT was significantly correlated with the
ratios of the LT to the GT and of the HN to the GT (p<
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0.001). Also, the volumetric proportion of the GT in the
proximal femur had a significant inverse correlation with
the proportion of the LT in the proximal femur (p<0.001).
Clinical and radiologic results
There was no definite difference in age and sex between
group 1 and 2 (p=0.21). There was one case of fixation
failure in group 1, whereas as in group 2 there were five
cases including three cases of cutting-out, one case of
nonunion and one case of excessive sliding of lag screw
failed (Figs. 1 and 2). Fixation failure is more common in
group 2 (p=0.03). Neck-shaft angle at hip AP radiograph
was 134.8°±5.3 in group 1 and 131.3°±5.1 in group 2
(p = 0.01). The sliding length of lag screw which is
measured by Doppelt method [7] was 5.6° ±2.9 mm in
group 1 and 8.3°±3.2 in group 2 (p=0.03). Patients with
MDCT had lesser rate of fixation failure and better
radiologic results than patients without MDCT.

Discussion
Despite advances in devices and technologies, fixation
failure still remains a problem for patients who have
unstable intertrochanteric fractures [4, 6–8, 10]. The
preferred treatment for intertrochanteric fractures is internal
fixation and early mobilization [4, 8, 9, 13]. Many
researchers have investigated the factors essential to
avoiding mechanical complications and improving fixation
stability. The Evans classification [2] emphasizes the
number and pattern of fracture fragments in assessing
fracture stability. Efforts to achieve stable fixation of
unstable intertrochanteric fractures have included valgus
osteotomy [21], medial displacement osteotomy [15],
lateral displacement reduction [22], anatomic reduction [2,
15], and the use of adjunctive methylmethacrylate [12].
Kim et al. [7] found that the most important cause of
dynamic hip screw failure was fracture instability. Many
fracture classifications [2, 13, 20] of intertrochanteric hip
fractures have been created to assess fracture stability.
However, most divide intertrochanteric fractures into stable
and unstable patterns on the basis of appearance on plain
radiographs, mainly explained by degree of comminution.
They can sometimes provide useful guidelines for surgeons
to decide on treatment strategies.
Some of them, however, provide questionable reliability
in predicting surgical outcome. The difficulty in predicting
the degree of complication risks in fixation prompted us to
propose another tool for obtaining more precise information
about fracture patterns and their fracture stability. Thomsen
et al. [23] found that trabecular bone volume is correlated
with bone strength. This is illustrated by the fact that the
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Fig. 1 A Boyd-Griffin type 2
intertrochanteric fracture in an
84-year old woman, caused by a
slip. Anteroposterior hip radiograph (a) showed a displaced
three-fragment fracture (arrows)
with severe osteoporosis. Threedimensional volume rendering
image (b) clearly demonstrated
each of the three fragments such
as head and neck (HN), greater
trochanter (GT), and lesser trochanter (LT). GT was measured
from its top to 7 cm below (c).
Volume of each fragment was
automatically and manually calculated (d–f). LT/GT ratio in
this patient is calculated to be
above 0.5, so we considered it
as an unstable fracture. Postoperative hip radiograph (g)
showed good alignment of femoral head and neck with dynamic compression hip screw
(DCS) (arrow) with additional
greater trochanter stabilizing
(GTS) plate (arrow head)
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Table 1 Summary of 26 patients in group 1
No. of Case

Sex

Age

Volume(cm3)

Ratio(vol/vol’)

LT

GT

HN

Total

GT/Total

LT/GT

NSA(°)

SL(mm)

1
2
3
4
5

F
F
F
F
F

78
75
72
84
89

14.77
12.29
9.14
19.34
15.89

62.7
52.48
70.01
26.45
42.45

95.71
74.31
77.2
108.8
94.82

173.18
139.08
156.35
154.61
153.16

0.36
0.38
0.45
0.17
0.28

0.24
0.23
0.13
0.73
0.37

137.2
133.7
136.1
131.4
135.6

4.2
3.6
2.7
4.5
7.9

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

81
70
71
74
75
80
65
79
85
70
72
73
78
77
76
78
89
74

13.91
11.28
12.67
9.51
16.27
18.1
10.59
14.87
13.44
10.28
17.3
15.66
18.5
14.24
16.81
11.94
12.91
7.99

53.82
64.71
56.44
69.44
40.2
36.46
45.68
58.09
54.03
72.45
31.55
41.4
28.05
63.86
36.59
56.65
62.72
43.52

84.32
86.1
89.68
86.31
96.12
101.8
103.9
78.5
78.5
85.92
97.84
92.1
104.3
96.4
99.14
78.71
95.74
71.73

152.05
162.09
158.79
165.26
152.59
156.31
160.12
151.46
145.97
168.65
146.69
149.16
150.88
174.5
152.54
147.3
173.24
133.24

0.35
0.4
0.36
0.42
0.26
0.23
0.29
0.34
0.37
0.43
0.22
0.28
0.19
0.37
0.24
0.39
0.36
0.33

0.26
0.17
0.22
0.11
0.41
0.5
0.23
0.26
0.25
0.14
0.55
0.38
0.66
0.22
0.46
0.21
0.24
0.18

142.3
136
128.7
134.4
130.3
132.6
138.4
135.3
138.5
136.7
127.7
135.9
121.6
140.4
132.2
139
138.1
133.7

5.5
3.4
6.3
5.4
4.3
3.2
5.6
4.7
5.3
6.1
7.5
6.4
12.2
3.5
6.6
4.8
5.7
8.4

24
25
26
Average

M
M
M

83
72
74
76.7

18.98
16.81
27.87
14.67

59.55
36.59
53.88
50.76

113.8
99.14
99.76
91.95

192.33
152.54
181.51
157.83

0.31
0.24
0.3
0.32

0.32
0.46
0.52
0.33

141.4
136.1
131.5
134.8

6.5
4.2
7.1
5.6

AF

TSP

TSP

TSP
TSP
BC

BC
TSP

LT lesser trochanter, GT greater trochanter, HN head-neck, NSA neck shaft angle, SL sliding length of lag screw, AF additional fixation, TSP
trochanter stabilizing plate, BC bone cement

volume of the GT is related to its ability to provide stability
in three-part intertrochanteric fractures. The smaller the LT
and the larger the GT, the greater the fracture stability and
the lower the risk of fixation failure becomes:
ΔLT=ΔGT / 1=Fracture stability
Fracture stability
CT scanning is primarily used in acute trauma, particularly
for acetabular fracture or hip dislocation to detect intraarticular fragments and associated articular surface fractures
and to better depict fracture patterns for surgical planning.
In 1987, Konishi and Sato [24] first described threedimensional observations of trochanteric fractures to define
their exact type and the location of the fracture line.
Recently, MDCT has been used to evaluate the relationship

between fracture load and regional bone mineral density in
hip fractures [25]. MDCT was used to measure the volume
of bony fragments in intertrochanteric fractures.
In the treatment of intertrochanteric femoral fractures,
the intactness of the posteromedial cortex and of the
structural buttressing provided by the GT are thought to
be critical to fracture stability. However, the relative roles of
the LT and the GT in fracture stability have not yet been
established. Posteromedial cortical contact of the fracture
fragments is known to be important to allow physiologic
distribution of load and to provide resistance to migration
of the femoral head and neck into varus angulation and
retroversion [3, 15, 16]. Apel et al. [14] conducted
biomechanical experiments showing that the size of the
posteromedial fragment is important in fracture stability.
However, Laros and Moore [9] found that there was no
significant correlation between fixation complications and

548

Skeletal Radiol (2010) 39:543–549

Fig. 2 Boyd-Griffin type 2 intertrochanteric fracture in a 71-year old
woman happened by slip. Anteroposterior hip radiograph (a) showed
a displaced three-fragment fracture (arrows) with severe osteoporosis.
MDCT was not used in this case. Immediate postoperative hip

radiograph (b–c) showed good alignment of fracture with using the
dynamic compression hip screw (DCS) (arrow). Posteroperative hip
radiography (d) after 2 months showed fixation failure (arrow head)
with excessive sliding of lag screw (arrow)

the size of the LT. That finding can be explained, though,
by numerous other factors affecting treatment results such
as the reduction method, osteoporosis, medical diseases,
and surgical techniques. May and Chacha [26] reported the
role of the GT in influencing fragment displacement and
stability through the posterior soft-tissue hinge. Biomechanical studies [16, 22] have demonstrated that the sliding
hip screw acts as a lateral tension band in stable fracture
patterns, transmitting force through the medial cortex. If the
lateral buttress is lost in an unstable fracture, a compression
hip screw alone cannot resist physiologic stress during the
fracture healing process. Gotfried [18] has explained the
importance of the integrity of the lateral wall for successful
treatment of pertrochanteric fractures, especially when
treated using dynamic compression hip screws.
We have dealt with delayed fracture of the GT, which
protects against excessive sliding of the proximal fragment
along the lag screw in Boyd-Griffin type 2 fractures, which
eventually results in fixation failure. Using a GT stabilizing

plate or intramedullary nailing, or performing a replacement
arthroplasty can be a solution when the lateral support is
already lost. The use of additional plating or bone cement
augmentation decreased the incidence of fixation failure in
treatment of unstable intertrochanteric fractures of the
femur in our selective cases. But the routine use of them
can increase the risk of trochanteric bursitis, longer
operation time, and penetration of cement into the joint or
fracture interface [2, 19, 22]. Our hypothesis is that the
cases with LT/GT volume ratio above 0.5 or the volumetric
proportion of GT in total volume of proximal femur below
25% are unstable fractures. The concept implies that the
volumetric distribution of each fragment in three-part
intertrochanteric fractures can affect the stability of fracture
and the importance of the GT volume to resist compressive
forces across the fracture site during the healing process
when they are fixed by DCS.
Superior clinical and radiological results were obtained
by preoperative use of MDCT in unstable intertrochanteric
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fractures. Also, it is noteworthy that fractures with the same
type of fracture patterns have a wide range of volumetric
proportions for each fragment which can result in different
clinical findings, even though they belong to the same
fracture classification system.
In our study, the answer to the question of which
fragment, the GT or the LT, is more important to fracture
stability in Boyd-Griffin type 2 intertrochanteric fractures
could not be established. However, our results suggest that
when the LT volume is large, the GT volume becomes
small and the fracture stability may worsen. The ratio of
the LT to the GT ranged from 0.13 to 0.73. We believe that
fractures with the lowest LT-to-GT ratio have greater
stability than fractures with the highest such ratio.
Additional clinical and biomechanical studies are needed
to verify our findings, however. In conclusion, preoperative use of CT in unstable intertrochanteric fractures can
provide better and more predictable fixation outcomes,
and lower LT-to-GT ratio correlates with more stable
fracture.
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