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INTRODUCTION
The trochanteric femoral fracture is still regarded as a major 
orthopaedic challenge as high rates of failure of fixation occur[1-4]. 
    To optimise fracture fixation, the fracture pattern needs to 
be understood[5]. A number of classification systems have been 
developed for trochanteric hip fractures. In 1949 Evans described 
an anatomical classification based on the number of fragments 
and whether or not the lesser trochanter is split off as a separate 
fragment[6]. The AO-classification of Müller is comprehensive but 
is difficult to apply in detail in the clinical setting[7]. Currently, no 
single classification system for trochanteric fractures is unanimously 
accepted because most show low inter- and intra-observer agreement 
and are therefore considered unreliable[8-11]. Moreover, classification 
of trochanteric fractures is often considered of low clinical relevance 
because classifying the fracture does not indicate a prognosis or guide 
treatment, since both stable and unstable fractures are fixated with a 
sliding hip screw (SHS) or an intramedullary device (IM)[11]. Studies 
assessing new implants or comparing existing implant types rarely 
use fracture classification systems despite their possible value[12]. 
    Reverse type trochanteric fractures with a reversed oblique 
fracture line have been shown to be a biomechanically different 
type of fracture and are for this sub type intramedullary nailing has 
been recommended[13]. In addition, clinical studies suggest that the 
integrity of the lateral wall is a factor in trochanteric fracture stability 
which indicates that the site where the fracture line breeches the 
lateral cortex is important[14]. Therefore, the aim of this study was to 
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ABSTRACT
AIM: The aim of this study was to evaluate the trochanteric fracture 
line in terms of the fracture line angle and anatomical location.
METHODS: The preoperative AP radiographs of 164 randomly 
selected patients with trochanteric fractures were obtained. 
Measurements were made of: (1) the angle between the mid-shaft 
femoral axis and the fracture line, (2) the intersection point of the 
fracture line with the greater trochanter. 
RESULTS: An increase in comminution correlated with an increased 
fracture line angle. The angle of the fracture line relative to the 
femoral shaft showed a mean of 43º (SD 10), but a range from 19º to 
146º. 
DISCUSSION: This study provides information on the fracture line 
properties of trochanteric fractures and demonstrates a massive range 
in fracture line inclination and fragment size. Theoretical Engineering 
modelling studies have indicated that the measurements described 
in this study will have a major bearing on fracture stability. These 
findings can be applied to improve classifications for stable and 
unstable trochanteric fractures.
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Figure 1 Jensen modification of the Evans classification.

evaluate the variation in anatomy of the trochanteric fracture line, 
in particular its inclination and the integrity of the lateral wall was 
assessed.

METHODS
All pre-operative antero-posterior (AP) radiographs of the hip and 
pelvis and post-operative AP hip radiographs of femoral trochanteric 
fracture patients treated by SHS at the Royal Infirmary of Edinburgh 
over a 6 month period were analyzed. The radiographs were not 
standardized, but the images were obtained in routine clinical practice 
and therefore the ones available to the treating orthopaedic surgeon. 
    The radiographs were digitized with a high-resolution flat-
bed scanner especially designed to scan radiographs (UMAX™ 
Powerlook 2100XL)[15]. The images were imported into Image J™, a 
Java image processing program, and parameters were recorded by 2 
orthopaedic residents and  confirmed by two orthopaedic consultants. 
Each image was corrected for magnification error by recording the 
barrel width of the SHS on the post-operative image. (Dynamic 
Hip System, DePuy Synthes, Switzerland) The real width of this 
was known and was not affected by rotation on the radiographs, 
as it was a cylinder. The use of known SHS dimensions to correct 
for magnification has been reported previously[16]. Magnification 
was then corrected for the pre-operative image by measuring the 
smallest femoral neck width on the post-operative radiographs and 
the smallest femoral neck width on the preoperative radiograph. 
Any difference in the preoperative film was corrected throughout 
all measurements made on this image. Data that needed correction 
for magnification from eight fractures were excluded from analysis 
because of poor postoperative radiograph quality.
    All fractures were classified according the AO/ASIF classification 
and Jensen’s modification of the Evans classification(Figure 
1). Fractures that showed a sub-trochanteric extension (fracture 
extending distally outside trochanteric area as defined in the AO/
ASIF classification)[7] were excluded.  
    Measurements of the fractured femur were taken from the pre-
operative AP scanned radiograph (Figure 2A and Figure 2B). In 
particular, the greater trochanter was scrutinized to determine whether 
the lateral wall was intact and the greater trochanter was measured 
to assess whether the, fracture line was in the proximal, middle or 
distal one-third of the greater trochanter (Figure 3). If the fracture 
was displaced or communited, the fracture line was ascertained from 
the proximal end of the distal fragment of the fractured femur. If the 
height of the greater trochanter was difficult to assess due to it being 
fractured, its height was estimated from the contra-lateral femur on 
the pelvic radiograph. The area of the greater and lesser trochanter 
fragments was measured using a pixilation technique (Image J™). 

Figure 2 Measurements made using Image J™ on preoperative 
radiographs. Example of measurements made using Image J™ on 
preoperative radiographs, Key: FL: fracture line, GT and LT: lines that 
represent the length of the greater and lesser trochanter, GT-FL length 
of GT to the point where it intersects with the fracture line (FL), (LT-FL: 
length of the lesser trochanter line to the point where it intersects with line 
the fracture line was not included in this study).

A

B

Integrity of lateral 
wall: intersection 
point of fracture 
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Shaft axis
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Figure 3 Lateral wall integrity: Fracture line crossing proximal, middle and distal one-third of the greater trochanter.

    The AP area of the lesser trochanter fragment was calculated and 
the percentage of the width of the bone that this fracture fragment 
extended across the femur (the intrusion distance) was measured. 
    Accuracy was assessed using repeat measurements (N=10), 
yielding a 3.5 % RSD (relative standard deviation) for the linear 
measures, 2.2 % RSD for the angular measures and 10.1% for the 
area measurements. 
    Data was collected and analysed using statistical computer 
software SPSS version 14. Statistical significance accepted at p<0.05 
(ANOVA).

RESULTS
There were 31 male and 133 female patients. The mean age was 
80.5 years (S.D. 12.7). The results of classification according to 
the Jensen’s modification of the Evans’ grading and the AO/ASIF 
are shown in table 1. All patients could be classified with both 
classification systems (all fractures with subtrochanteric extensions 
were excluded). 
    The mean length of the fracture line was 74 mm (S.D. 13). 
    The angle of the fracture line to the femoral shaft showed a median 
of 43º and a mean of 45º (S.D. 17º) with an extensive range from 
19º to 90º for those of standard obliquity and 105º to 146º for those 
of reversed obliquity. Figure 4 shows the distribution of angle of the 
fracture line with the femoral shaft.
    Excluding the reversed oblique fractures, the mean angle of the 
two-part fractures was 41º (S.D. 8º), of three-parts was 43º (S.D. 
10º) and of the fractures with four- or more parts 46º (S.D. 13º). The 
distribution for simple 2-part fracture is compared to communited 
fractures with three-parts of more in Figure 5. An increase in 
comminution correlated with an increased fracture line angle 
(p=0.048, ANOVA). 
    The fracture line angle is presented according to the AO/ASIF 
classification in figure 6.
   In the 156 fractures that could be analyzed (8 excluded due to poor 
post-operative X-ray image quality), 63 fractures (40%) had an intact 
lateral wall, i.e. the fracture line intersected the proximal third of the 
greater trochanter (N=61) or passed proximal to the greater trochanter 
(N=2). These included 29 two-part and 34 three-part or more part 
fractures. 

Table 1 Jensen's modification of the Evans grading and the AO/ASIF 
classification.
Jensen’s modification
Type 1: Two part undisplaced
Type 2: Two part displaced
Type 3: Three part, loss of posterolateral support
Type 4: Three part, loss of medial support
Type 5: Four part
Total

AO classification
AO31-1.1: Fractures along intretrochanteric line
AO31-1.2: Fractures through greater trochanter
AO31-1.3: Fractures below lesser trochanter
AO31-2.1: One intermediate fragment (lesser trochanter)
AO31-2.2:  Intermediate fragments
AO31-2.3: More than 2 intermediate fragements
AO31-3.1: Simple, oblique
AO31-3.2: Simple, transverse
AO31-3.3: Reversed oblique, with medial fragment
Total
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Figure 4 Frequency plot for the fracture line angle.

Count
15        (9%)
46        (28%)
21        (13%)
38        (23%)
44        (27%)
164

Count
14        (9%)
40        (24%)
9          (6%)
21        (13%)
37        (23%)
38        (23%)
0          (0%)
0          (0%)
5          (3%)
164
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Figure 5 Frequency plot for the fracture line angle of simple two part fracture compared two multifragmentary fractures.

    The lateral wall integrity for the fractures was classified according 
to the AO and Jensen classification. There was a tendency of more 
distal intersection of the trochanter as the fracture becomes more 
unstable (Table 2).
    The sizes of medial and lateral fragments have major implications 
for load sharing. The area of the lateral fragment on the AP 
radiograph had a mean of 15.1 cm² (SD 7.8 cm²) with a range from 
3.6 cm² to 35.3 cm². The medial fragment had a mean area size of 
7.4 cm² (SD 5.2 cm²) with a range from 1.3 cm² to 29.6 cm². The 
lateral fragment had a larger mean area size than the medial fragment 
(p<0.05).  
    The intrusion distances along the fracture line showed a mean of 
70% intrusion of the lateral fragment. The medial fragment extended 
at most 60% into the fracture complex and 62% of the fractures with 
a lesser trochanter fragment extended to 25% percent of the fracture 
line (Figure 7).

DISCUSSION 
It remains unclear what implant should be used for the different 
subtypes of trochanteric fractures. Most surgeons agree that simple 
two- part fractures (AO-A1) should be treated with a SHS. Reverse 
obliquity fractures (AO-A3) should be considered as biomechanically 
unstable. Their tendency for medial displacement caused by the 
reversed oblique course of the fracture line results in fixation failure 
rates of up to 56% when a conventional sliding hip screw device is 
used[12,13]. This is because the lag screw does not cross the primary 
fracture line and controlled collapse of the fracture with the head of 
the femur sliding on to the metaphysis, promotes separation rather 
than impaction of the fracture[13,16-18]. This group of fractures is 
routinely treated with an intramedullary device (IMN).
    Some patterns are considered unstable such as four-part fractures 
and fractures with medial cortical comminution but the evidence for 
these assertions is absent or weak[6,19-21]. Although, certain subtypes 
of trochanteric fractures have different biomechanical properties, 
the current classifications are rarely used for clinical purposes and 
prospective randomized studies comparing the SHS and IM-nail 
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Figure 6 Frequency plot for the angle between the mid-shaft axis and the 
fracture line in relation to AO/ASIF classification.

Table 2 Fracture line crossing proximal, middle and distal one-third of the 
greater trochanter.

AO 
classification
A1
A2
A3
Total

Jensen 
classification
Type 1
Type 2
Type 3
Type 4
Type 5
Total

Proximal 1/3rd

Number of 
fractures 
28 
33 
0 
61

Proximal 1/3rd

Number of 
fractures 
10
19
3
18
11
61

(46%)
(54%)
(0%)

(16%)
(31%)
(5%)
(30%)
(18%)

Middle 1/3rd

Number of 
fractures 
30 
41 
0 
71

Middle 1/3rd

Number of 
fractures 
4 
23 
11 
15 
18 
71 

(42%)
(58%)
(0%)

(6%)
(32%)
(16%)
(21%)
(25%)

Distal 1/3rd

Number of 
fractures 
0 
16 
2 
18

Distal 1/3rd

Number of 
fractures 
0 
0 
3 
3 
12 
18

(0%)
(89%)
(11%)

(0%)
(0%)
(17%)
(17%)
(67%)

Total

58
90
2
150

Total

14
42
17
36
41
150

* Excluded data (n=14) in this table: the fracture line crossing proximal (n=2) 
of, or not crossing with the greater trochanter (n=4). Two of these four 
fractures were reversed oblique fractures. Eight fractures were excluded 
due to poor quality of the post-operative radiograph (n=8). 



    Despite above mentioned limitations, we conclude that this study 
provides information on the fracture line properties of trochanteric 
fractures and shows a wide variation in the inclination of the fracture 
line even within current subtypes and a lack of categorization of 
lateral wall integrity with current classification systems.
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Figure 7 The intrusion of the medial fragment or fractured lesser 
trochanter into the fracture complex.
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