
H ip fractures are a public health concern.  It is 
estimated that the annual number of hip frac­

tures worldwide will be 2.6 million by the year 2025,  
and the number could be between 7.3 and 21.3 million 
by 2050 [1].  According to the World Health Organiza­
tion,  the risk factors for hip fractures include low bone 
mineral density (BMD),  history of fracture,  age,  family 
history of fragile fracture,  cigarette smoking,  alcohol 
consumption,  glucocorticosteroid use,  and rheumatoid 

arthritis [2].  Of these factors,  low BMD is the most 
strongly associated with hip fractures.  Vertebral frac­
tures,  which are the most common osteoporotic frac­
tures,  typically occur in women around 50 years of age,  
while the average age at which hip fractures occur is 
approx.  80 years in both sexes [3].  Therefore,  factors 
other than BMD are likely to influence the incidence of 
hip fractures.

Hip fractures are classified into 2 types: femoral 
neck fractures and trochanteric fractures,  and there are 
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different risk factors for both types.  The hip axis length,  
impacts on the greater trochanter,  decreased BMD of 
the femoral neck,  falls with force,  and decreased soft 
tissue thickness have been associated with hip fractures 
[4-6].  Of all of these factors,  the BMD is likely to be the 
most important intrinsic factor for trochanteric frac­
tures,  with the average age of patients with these frac­
tures higher than that of patients with femoral neck 
fractures [2 , 3].  Regional factors and race also differen­
tially affect the type of hip fracture [7-10].  For example,  
trochanteric fractures are more common than femoral 
neck fractures in both Japan and the U.S. [7 , 9],  
whereas the opposite trend was observed in Norway [8].  
The morphology of the hip itself may influence the type 
of fracture,  as several research groups have reported a 
tendency for the second hip fracture to be of the same 
type as the first contralateral fracture [11-14].

We conducted the present study to determine 
whether second hip fractures are similar to the same 
patients’ first contralateral hip fractures and to assess the 
relationship between hip morphology and the type of 
hip fractures.  We hypothesized that a cam deformity 
may be protective against femoral neck fractures.

Patients and Methods

This multicenter cross-sectional non-randomized 
observational cohort study was approved by our institu­
tional review board (H160738),  and it adhered to the 
Declaration of Helsinki.  All patients provided informed 
consent for participation and the publication of find­
ings.

Patients. We reviewed 169 consecutive cases of 
patients who underwent surgical treatment for a hip 
fracture between April 2013 and March 2014 at three 
local hospitals in Japan.  Twenty-three patients had a 
past history of contralateral hip fracture (the Contra 
group),  including 10 trochanteric and 13 femoral neck 
fractures.  The other 146 patients had sustained only a 
unilateral hip fracture: 73 with a trochanteric fracture 
(the Troch group) and 73 with a femoral neck fracture 
(the Neck group).  Hip fractures were classified based on 
the Arbeitsgemeinschaft für Osteosynthesefragen (AO) 
classification [15].  In Group T,  39 cases were classified 
as type A1 (a pertrochanteric simple trochanteric frac­
ture),  31 cases as type A2 (a pertrochanteric multifrag­
mentary trochanteric fracture),  and 3 cases as type A3 
(an intertrochanteric fracture).  In the Neck group,  19 

cases were classified as type B1 (a subcapital neck frac­
ture with slight displacement),  4 cases as type B2 (a 
transcervical fracture),  and 50 cases as type B3 (a sub­
capital,  displaced,  nonimpacted neck fracture).

Ten patients with a trochanteric fracture in the 
Contra group,  all 73 patients in the Troch group,  and 
10 patients in the Neck group were treated using open 
reduction and internal fixation.  Thirteen patients with 
a femoral neck fracture in the Contra group and 63 
patients in the Neck group underwent unilateral hip 
arthroplasties.  Patient demographic data were obtained 
from the medical records (Table 1).

Measurements. A retrospective analysis of radio­
graphs was performed by 2 blinded orthopedic surgeons 
(T.Y. and K.O.).  In the Contra group,  the concordance 
between the first and second types of hip fractures was 
radiologically confirmed.  In both the Troch and Neck 
groups,  the anatomy of the proximal femur was evalu­
ated in the anteroposterior (AP) pelvic radiographs and 
cross-table axial-view radiographs of the uninvolved hip 
using a ruler (Carestream Health Japan Co.,  Tokyo) 
[16].  The femoral head-neck ratio and pistol-grip 
deformity were measured on AP pelvic radiographs,  
with the alpha angle and femoral head-neck offset 
assessed from cross-table axial views [14 , 17-19].

We defined the femoral head-neck ratio as the ratio 
of the maximum femoral head diameter divided by the 
minimum parallel femoral neck diameter.  A positive 
pistol-grip deformity was defined by a triangular index 
(R) ≥ (r + 2 mm).  The alpha angle was defined as the 
angle between the axis of the femoral neck and a line 
connecting the center of the femoral head with the 
asphericity starting point of the contour of the femoral 
head-and-neck.  The femoral head-neck offset was 
defined as the difference in the radius between the ante­
rior femoral head and the anterior femoral neck (Fig. 1).  
In 15 patients in the Contra group,  we also assessed the 
morphology of the second hip fracture as the contralat­
eral morphology of the first hip fracture.  In the other 
eight patients in the Contra group,  the radiographs 
prior to the second fracture could not be assessed.

Statistical analyses. McNemar’s test was used for 
the concordance analysis between the first and second 
types of hip fractures.  Student’s t-test and Fisher’s exact 
test were used to assess the differences in the femoral 
head-neck ratio and alpha angle as well as the preva­
lence of a pistol-grip deformity.  A p-value < 0.05 was 
considered significant.  Data were analyzed using SAS 
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Table 1　 Pre-operative patient characteristics

Contra group Troch group Neck group

Number of hips 23 73 73

Age (years),  mean 81±13 80±12 78±12

Gender,  male: female 6 : 17 26 : 47 29 : 44

Side,  right: left Bilateral 27 : 46 34 : 39

Height (cm),  mean 153±8.3 153±9.6 156±11.5

Weight (kg),  mean 47±11.6 47±11.2 50±11.4

AO classification,  hips A1 : 3 A1 : 39 B1 : 19
A2 : 6 A2 : 31 B2 : 4
A3 : 1 A3 : 3 B3 : 50
B1 : 1
B2 : 0
B3 : 12

Operation ORIF : 10
Arthroplasty : 13

ORIF : 73 ORIF : 10 
Arthroplasty : 63

Follow-up period (years),  mean 2.2±1.8 1.9±1.2 1.7±1.5

Duration from the first to the second fracture (years),  mean 5.6±6.7 (-) (-)
AO,  Arbeitsgemeinschaft für Osteosynthesefragen; ORIF,  open reduction and internal fixation.
Values are expressed as mean ± standard deviation or number.

Fig. 1　 A typical radiological 
assessment.  A,  The femoral 
head-neck ratio on an anteropos-
terior pelvic radiograph,  defined 
as the ratio of the maximal femoral 
head diameter (H) divided by the 
minimum parallel femoral neck 
diameter (N); B,  A positive pis-
tol-grip deformity on an anteropos-
terior pelvic radiograph,  identified 
by calculating the triangular index,  
which is considered pathological 
when the R is ≥  (r+2 mm); C,  
The alpha angle (a) on a cross-ta-
ble axial radiograph,  defined as 
the angle between the femoral 
neck axis and the line connecting 
the head center with the starting 
point of asphericity of the head-
neck contour.  The femoral head-
neck offset (OS) was defined as 
the difference in the radius 
between the anterior femoral head 
and the anterior femoral neck.



9.2 software (SAS,  Cary,  NC,  USA).

Results

In the Contra group,  7 patients had sustained bilat­
eral trochanter fractures and eight had bilateral neck 
fractures (Fig. 2).  There was no significant difference 
between the first and the second types of fractures 
(p= 0.479),  but the concordance rate was 65.2% (15/23).

The average femoral head-neck ratios in the Troch 
group and Neck group were 1.46 (range 1.26-1.79) and 
1.44 (1.23-1.67),  respectively (p = 0.177).  A pistol-grip 
deformity was identified in 11 hips (15.1%) in the Troch 
group and 14 hips (19.2%) in the Neck group (p= 0.661).  
The average alpha angle in the Troch group (61.4°;  
40°-88°) was significantly larger than that in the Neck 
group (50.8°; 34°-89°; p < 0.0001,  Fig. 3).  The average 
femoral head-neck offset in the Troch group (7.1; 5.9-
9.6) was significantly smaller than that in the Neck 
group (10.2; 6.2-11.0; p < 0.0001,  Table 2).

In the Contra group (15 patients,  63%),  the average 
femoral head-neck ratios in the second trochanteric and 
femoral neck fracture subgroups were 1.49 (1.28-1.68) 
and 1.35 (1.22-1.55),  respectively (p < 0.05).  A pis­
tol-grip deformity was identified in 2 hips (33%) in the 
second trochanteric fracture subgroup and in one hip 
(13%) in the second femoral neck fracture subgroup 
(p = 0.525,  Table 3).  The average alpha angle and femo­
ral head-neck offset could not be assessed because of 
cross-table axial-view radiographs prior to the second 
fracture were not available.

In the Neck group,  a pistol-grip deformity of types 
B1,  B2,  and B3 was observed in 8/19 hips (42.1%),  3/4 

hips (75.0%),  and 3/50 hips (6.0%),  respectively.  Sig­
nificant differences in the distribution were identified 
between types B1 and B3 (p < 0.001) and between types 
B2 and B3 (p < 0.001; Table 4).

Discussion

Although hip fractures are classified as femoral neck 
and trochanteric fractures,  it has been unknown which 
factors influence the development of each fracture.  
Some authors have reported a tendency for the second 
hip fracture to be of the same type as the previous frac­
ture [11-14].  Pierre et al.  [20] and Young et al.  [21] 
described a tendency for bilateral symmetry of the 
proximal femurs.  Based on this knowledge,  we 
hypothesized that the hip morphology could be a deci­
sive factor between femoral neck and trochanteric frac­
tures; we suspected that a cam deformity may offer 
some protection against femoral neck fractures.

Cam impingement is one of the femoroacetabular 
impingements (FAIs),  which are defined as an impinge­
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Fig. 3　 The alpha angle measured on cross-table axial radiographs.  
A,  A 76-year-old woman in the Troch group (alpha angle,  86°); B,  
A 74-year-old woman in the Neck group (alpha angle,  43°).

Fig. 2　 Classification of the first and second hip fractures in the 
Contra group.



ment between the head-neck junction of the femur and 
the rim of the acetabulum [16].  A cam deformity is the 
osseous bump in a cam-type FAI,  and it has been 
described as a “tilt deformity” and a “pistol-grip defor­
mity” of the proximal femur.  Clinically,  a cam-type FAI 
is diagnosed on the basis of the quantification of the 
asphericity,  including pistol-grip deformity,  the alpha 
angle (> 50º),  or the femoral head-neck offset (< 8 mm) 
[17 , 18].  However,  the relationship between radiologi­
cal FAI-related findings and actual impingement 
remains unclear.  In an international consensus state­
ment,  a panel of experts was unable to recommend 
precise diagnostic values for the common radiographic 
measures used to define a cam-type or pincer-type 
morphology in routine clinical practice [22].

Yamasaki et al.  [23] reported the following frequen­
cies for the usage of radiographic parameters for a cam-
type FAI diagnosis: the alpha angle in 88% of cases,  
femoral head-neck offset in 22% of cases,  and pistol- 
grip deformity in 16% of cases.  The definition of a cam-
type FAI is inherently obscure,  and the somewhat open 

term “cam deformity” is used.  In our present investiga­
tion,  the presence of a cam deformity was assessed 
using the femoral head-neck ratio,  pistol-grip defor­
mity,  the alpha angle,  and the femoral head-neck offset,  
and consequently,  there was a significant difference 
between the Troch group and the Neck group in terms 
of the average alpha angle and femoral head-neck offset 
(Table 2).  In the Contra group,  the actual morphology 
of the second hip fracture indicated that the trochan­
teric fracture had a cam deformity in terms of the fem­
oral head-neck ratio (Table 3).  In addition,  the preva­
lence of a pistol-grip deformity in the AO type B3 
fractures in the Neck group (which are displaced femo­
ral neck fractures) was significantly lower than the 
prevalence of a pistol-grip deformity in the AO type B1 
or B2 fractures (Table 4).  Therefore,  the presence of a 
pistol-grip deformity may prevent an AO type B3 frac­
ture.

The prevalence of cam deformity in the asymptom­
atic general population was reported to be influenced by 
regional or racial differences [24 , 25].  Mineta et al.  [26] 
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Table 3　 Morphology of the second hip fracture in Contra group

Trochanteric fracture subgroup Femoral neck fracture subgroup p-value

Number of hips 6 9
Femoral head-neck ratio,  mean 1.49±0.14 1.34±0.10 ＜0.05＊

Positive pistol-grip deformity,  number (%) 2 (33%) 1 (13%) 0.525＊＊

Values are expressed as mean ± standard deviation or number.  ＊Studentʼs t-test.  ＊＊Fisherʼs exact test.

Table 4　 Pistol-grip deformity in Neck group

AO classification Positive pistol-grip deformity,  number (%) p-value

B1 8 (42%) ＜0.001＊

B2 3 (75%) ＜0.001＊

B3 3 (6%)
AO,  Arbeitsgemeinschaft für Osteosynthesefragen
＊Fisherʼs exact test: versus B3.

Table 2　 Radiological results in Troch and Neck groups

Troch group Neck group p-value

Number of hips 73 73
Femoral head-neck ratio,  mean 1.46±0.10 1.44±0.09 0.177＊

Positive pistol-grip deformity,  number (%) 11 (15%) 14 (19%) 0.661＊＊

Alpha angle (degree),  mean 61±12.5 51±13.9 ＜0.0001＊

Femoral head-neck offset (mm),  mean 7.1±1.0 10.2±1.2 ＜0.0001＊

Values are expressed as mean ± standard deviation or number.  ＊Studentʼs t-test.  ＊＊Fisherʼs exact test.



reviewed the computed tomography (CT) scans of 
1,178 hips in a general Japanese population who had 
undergone CT imaging for matters unrelated to their 
hip symptoms.  They identified a cam deformity preva­
lence of 45.3%,  where a cam deformity was defined as 
an alpha angle > 55° or a femoral head-neck offset ratio 
< 0.15.  Mimura et al.  [27] also reviewed 128 Japanese 
hips with pelvic CT scans conducted for reasons unre­
lated to the patients’ hip symptoms and reported that 
34.4% showed the cam-type and a combined deformity 
(alpha angle ≥ 55°).

In Japan,  the incidence rate of trochanteric fractures 
is higher than that of femoral neck fractures [7],  and it 
is possible that the cam deformity may offer some pro­
tection against a femoral neck fracture.  A similar asso­
ciation has been reported in the U.S. [9 , 28].  Although 
sufficient high-quality data are required to determine 
the true prevalence of cam deformity in general popula­
tions,  our present findings indicate that a cam defor­
mity could be associated with the incidence of femoral 
neck fractures.

The limitations of our study should be acknowl­
edged.  First,  the study sample size was small; we 
reviewed only 169 patients with hip fractures.  In par­
ticular,  in the Contra group,  the morphology of the 
second hip fracture was assessed in only 15 patients.  It 
was difficult to obtain radiographs prior to the fracture.  
Second,  we evaluated the type of past contralateral 
fractures as well as the anatomy of the contralateral hip 
retrospectively because the second hip fracture was of 
the same type as the first contralateral fracture [11-14].  
The concordance rate was relatively high in the present 
study,  although there was no significant difference 
between the first and second types of fractures.  In the 
Contra group,  the contralateral morphology of the first 
hip fracture influenced the type of the second hip frac­
ture.  A large prospective study is required to full test 
this concept.  A third study limitation is that we 
assessed the presence of a cam deformity by using the 
femoral head-neck ratio and pistol-grip deformity 
(which were both measured on AP radiographs) and the 
alpha angle and femoral head-neck offset (measured on 
cross-table axial-view radiographs).  We did not identify 
a significant difference in the average femoral head-neck 
ratio or pistol-grip deformity between the Troch group 
and Neck group,  although there was a significant differ­
ence in terms of the average alpha angle and femoral 
head-neck offset.  Siebenrock et al.  [17] demonstrated 

that an abnormal extension of the anterosuperior aspect 
of the femoral head epiphysis is a causative factor of 
cam impingement,  and we identified a lower cam 
deformity prevalence in the Neck group.  In addition,  
we assessed the morphology of the second hip fracture 
only in AP radiographs because cross-table axial-view 
radiographs prior to the second fracture were not avail­
able.  Lastly,  many factors other than the morphology 
of the hip may be involved in the development of femo­
ral neck or trochanteric fractures [4-6].  It is also possi­
ble that undisplaced fractures at the time of injury 
became displaced during the patient’s transport.

In conclusion,  we observed that the concordance 
rate between the first and second hip fractures was 
65.2%,  with a lower prevalence of a cam deformity of 
the contralateral hip among the patients who sustained 
femoral neck fractures,  suggesting that a cam deformity 
may offer some protection against femoral neck frac­
tures.  The verification of our findings in a larger study 
is warranted to clarify the relationship between the 
presence of a cam deformity and the types of hip frac­
ture.
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