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Abstract. Hip axis length (HAL) has been proposed as
an independent predictor of hip fracture risk in
Caucasian females. Femoral neck axis length (FNAL)
is a similar measure of femoral geometry but does not
include acetabular structures. The aim of this study was
to examine the association between hip geometry, using
FNAL, and hip fractures in elderly males and females in
relation to other anthropometric data. The study group
comprised 123 females (23 hip fracture patients and 100
age-matched controls) and 137 males (13 hip fracture
patients, 65 age-matched controls and 59 current-height-
matched controls). All subjects had femoral neck bone
mineral density measured by dual-energy X-ray absorp-
tiometry. From these scans, FNAL was measured as the
linear distance from the base of the greater trochanter to
the apex of the femoral head. FNAL was correlated
significantly with current height (r = 0.47 andr = 0.56
for females and males respectively;p50.0001) and peak
height (r = 0.45 andr = 0.57 for females and males
respectively; p50.0001) in both sexes. In females,
FNAL in the fracture patients (91.5+ 5.4 mm, mean+
SD) was not significantly different from FNAL in
controls (89.7+ 5.4 mm; p = 0.2). Fracture patients
had the same current height as controls and a trend
towards a greater peak height (163+ 6 cm vs 160+
cm; p = 0.09). After adjusting FNAL for current or peak
height there was no difference in FNAL between fracture
patients and controls. In males, FNAL in the fracture
patients (103.9+ 3.9 mm) was not significantly

different from that of age-matched controls (103.4+
6.3 mm;p = 0.79). Fracture patients had a significantly
lower current height (168+ 6 cm) than the age-matched
controls (174+ 6 cm; p = 0 .0008) but had the same
peak height. When adjusted for peak height there were
no significant differences between height of hip fracture
patients (102.0+ 4.9 cm), age-matched controls (102.1
+ 5.1 cm) and current-height-matched controls (102.6
+ 5.3 cm). Fracture patients had a significantly greater
height loss (peak height minus current height) than either
control group. In logistic regression analyses peak height
in females and height loss in males but not FNAL were
independent predictors of hip fracture. The greater
height, FNAL and presumably HAL in males versus
females is not associated with increased hip fracture risk.
However, in this study of elderly males and females,
peak height (females) and height loss (males) were
independent risk factors for hip fracture. Moreover,
FNAL appears to have limited utility in the prediction of
hip fracture risk and any role of HAL in the prediction of
hip fracture does not relate to its major component of
femoral neck length.
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Introduction

Hip fracture has increasingly become a major public
health concern. The lifetime risk of hip fracture is
comparable to that of breast cancer [1], and there is
evidence suggesting hip fracture incidence will increase
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exponentially [1,2] as the world population ages. A
number of prospective studies have demonstrated that
bone mineral density (BMD), particularly at the femoral
neck, is one of the best predictors of hip fracture [3–7].
However, even when femoral neck BMD is used in
conjunction with all the known lifestyle risk factors,
including the risk of falling, the risk of hip fracture still
cannot be reliably predicted.

Recent studies have suggested that factors other than
BMD may also be important in hip fracture prediction.
These factors include the structural geometry of the
proximal femur and the direction of the mechanical
stresses applied to it [8–13]. One measure of structural
geometry is hip axis length (HAL), measured as the
linear distance from the base of the greater trochanter to
the inner pelvic brim. HAL was found to be an
independent risk factor for hip fracture in one
prospective study of elderly white females in the USA
[13]. This study reported a 1.8-fold increase in hip
fracture risk for each standard deviation increase in
HAL. A recent retrospective study examining the
difference between type I and type II osteoporosis
found that while there was no difference in BMD
between the two groups, those women with hip fractures
had a longer HAL than those with vertebral fractures
[14]. It has also been suggested that the lower incidence
of hip fracture in Asian women than Caucasian women
relates to a shorter HAL [15–17]. However, the
mechanism by which a longer HAL could be associated
with an increase in hip fracture risk is yet to be verified.

Another measure of femoral neck geometry, femoral
neck axis length (FNAL), defined as the linear distance
from the base of the greater trochanter to the apex of the
femoral head (and thus not including the acetabular
portion of HAL), has been found to correlate well with
HAL in a cross-sectional study using both X-rays and
densitometric techniques [18]. Peacock et al. [19] in a
retrospective study of elderly females found that unlike
HAL, there was no significant association between either
FNAL or acetabular width and fracture risk in univariate
analysis, although after adjusting for BMD, both HAL
and FNAL were associated with an increase in fracture
risk. However, another recent retrospective study of
females and males showed no significant association
between FNAL and hip fracture risk in either sex [20].

The aim of the present study was to examine the
relationship between FNAL and hip fracture in a
population-based study of males and females in relation
to other anthropometric data.

Materials and Methods

A nested case–control study was performed within the
Dubbo Osteoporosis Epidemiology Study [3]. From
1989 to 1993, a total of 1902 males and females from
an initial target population of 1960 males and 2161
females were recruited into the study. Baseline data
including age, current height and weight were recorded.
Peak height (lifetime maximum height) of the subjects

was also recorded on entry. To obtain this latter piece of
information, subjects were asked to recall their height at
about age 21 years. In some males, this was at army
recruitment. BMD of the femoral neck (g/cm2) was
measured using a Lunar DPX-L densitometer (Lunar,
Madison, WI). The right hip was scanned in all cases
unless there had been a hip fracture or a hip replacement,
in which case the left hip was scanned. The coefficient of
variation for the measurement at our institution in
normal subjects is 1.5% for the lumbar spine and 1.3%
for the femoral neck.

The standard bone windows on the Lunar DPX-L
densitometer do not generally allow for the inner pelvic
rim portion of HAL to be measured. Thus FNAL, a
similar measured but excluding structures proximal to
the apex of the femoral head, was measured in this study.
In a separate group of 21 subjects these windows
allowed HAL and FNAL measurements to be made on
the same scans. FNAL was measured as the linear
distance from the base of the greater trochanter to the
apex of the femoral head by aligning the software ruler
in the analysis procedure visually with the software-
derived femoral neck axis (Fig. 1). All measurements
were made by one operator masked to the fracture status
of the subjects.

The reproducibility of FNAL was assessed on a
separate group of 20 subjects who had had their right hip
scanned twice on separate occasions. Within-operator
reproducibility, including repositioning error, was
determined by one operator who analyzed each scan,
masked to the result of the paired scan. The intraclass
correlation coefficient (R) was 0.98 and the root mean
square error (RMSE) was 1.1 mm (coefficient of
variation (CV) of 1.0). Inter-operator reproducibility,

Fig. 1. Diagram of the hip showing the geometric measurements used
and discussed in the text. AB, femoral neck axis length (FNAL), the
measurement used in the study; AC, hip axis length (HAL); BC,
acetabular width.
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R= 0.99 and RMSE = 0.92 mm (CV = 0.9), was
determined by comparing the findings of two investiga-
tors who independently analyzed the first scan of the 20
patients. The intraclass correlation coefficient between
left and right FNAL was 0.95 and RMSE was 1.3 mm
(CV = 1.4) in a separate group of 23 patients who had
had both right and left hips scanned. Where more than
one scan was performed on either side, the mean length
was used for analysis. FNAL was noted to be stable over
time in 103 subjects who had had two scans performed
over a mean of 2.3+ 0.9 years. The difference between
the two lengths was within the limits of measurement
error, 0.16+ 0.16 mm (mean+ SE). The correlation
between the two measures was accordingly very high
(r = 0.98). This stability and the high correlation between
right and left sides allowed the inclusion of those
subjects (9 females and 5 males) whose densitometry
was performed after a hip fracture (contralateral hip
measured).

The correlation between FNAL and HAL in 21 scans
where both FNAL and HAL were able to be measured
was 0.94 (p50.0001). The contribution of acetabular
width was 12 mm of the 102 mm of HAL (i.e. 12%).

Hip fracture patients included in this study were
identified by review of radiologists’ reports from the two
radiology services supplying the Dubbo area. Fractures
due to major trauma were not included in the study.
Forty-three proximal femur fractures with BMD data
were identified. These were age- and sex-matched with
1:4 controls who had not suffered a hip fracture using the
Caliper algorithm of matching [21]. This method
matches the controls as a group. Thus the mean age of
the control group is the same as that of the fracture
subjects. After it was noted that there was a significant
difference in current height between the male hip
fracture and age-matched control groups a second 1:4
current-height- and sex-matched control group for the
male hip fracture subjects was also studied. These
height-matched male controls were also obtained using
the Caliper algorithm of matching. Of the hip fractures,
one was in fact a traumatic fracture and 6 were not
analyzable due to insufficient femoral head being
included in the scan window. This left 23 female and
13 male hip fractures.

Statistical Analyzis

Comparability between groups with respect to baseline
demographic and clinical characteristics was assessed
using an unpairedt-test. Analysis of covariance was used
to assess differences in FNAL between hip fracture
patients and controls, adjusted for current height or peak
height. Logistic regression models were used to examine
the association between FNAL and hip fracture risk. In
addition, results were analyzed for one-to-one matching
with a pairedt-test and conditional logistic models. As
several potential variables could have served as
determinants of fracture in the logistic regression
model, forwards and backwards elimination algorithms

were used to search for a set of variables with maximum
discriminatory power. The final model was based on the
goodness-of-fit of the model and observed data, which
was evaluated based on the likelihood chi-square
statistic. Males and females were analyzed separately.
All statistical tests were performed using the SAS
statistical analysis system [22].

Results

There was no correlation between FNAL and age or
BMD. By contrast, FNAL was correlated with current
height in both females (r = 0.47,p50.0001) and males
(r = 0.56, p50.0001). FNAL was also correlated with
peak height (r = 0.45 andr = 0.57 for females and males,
respectively;p50.0001). As expected, current height
and peak height were highly correlated for both females
(r = 0.87,p50.0001) and males (r = 0.88,p50.0001).
The deviation from a perfect correlation is also expected,
primarily due to differences in individual height loss
(peak height minus current height) as well as recall
variation. Height loss was associated both with age
(r = 0.33,p = 0.0004 for females andr = 0.40,p50.0001
for males) and with BMD (r = 70.23, p = 0.01 for
females andr = 70.32,p = 0.0002 for males). However,
there was no significant association between height loss
and FNAL (r = 70.09, p = 0.35 for females andr =
70.03,p = 0.68 for males).

FNAL and Hip Fracture in Females

In the females, there were 23 hip fracture patients and
100 age-matched controls, aged 76+ 5 years (mean+
SD). Fracture patients had significantly lower femoral
neck BMD (p = 0.0006) and body weight (p = 0.0004)
and a trend towards a greater peak height (p = 0.09)
(Table 1). However, there was no significant difference
in current height (p = 0.53) between the fracture patients
and controls. FNAL was slightly longer (1.8 mm;
p= 0.16) in hip fracture patients compared with controls
(Table 1) but this was not significant. Analysis for one-
to-one matching using pairedt-test yielded similar
results. Adjustment for current height or peak height in
the analysis of covariance model did not alter the results
(Table 2).

There was no significant difference in FNAL between
cervical or trochanteric fractures either unadjusted or
adjusted for peak or current height.

FNAL and Hip Fracture in Males

In male controls, FNAL was 15% (14 mm) longer on
average than that of female controls. There was no
significant difference in peak height (p = 0.59) between
hip fracture patients and age-matched controls but
fracture patients had significantly lower current height
(p= 0.0008), femoral neck BMD (p50.0001) and body
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weight (p= 0.01). FNAL in fracture patients was
virtually identical to that of age-matched controls
(Table 1). Interestingly, FNAL adjusted forcurrent
height, was significantly longer in fracture patients
(105.3 + 4.8 mm vs 101.6+ 5.1 mm; p = 0.02).
However, when FNAL was adjusted for peak height,
there were no significant differences between hip
fracture patients (102.0+ 4.9 mm) and age-matched
controls (102.1+ 5.1 mm;p = 0.82) (Table 2).

To further examine the relationships between height,
FNAL and hip fracture in males, a group of 59 males
was selected withthe same current heightas the hip
fracture patients. These height-matched controls were
significantly younger, heavier, and had a higher BMD
than the fracture patients. The controls also had a
significantly lower peak height than the fracture patients
(170+ 7 cm vs 176+ 5 cm;p = 0.002). FNAL in these
controls was, on average, 3.4 mm (p = 0.32) shorter than
in fracture patients (Table 1). However, when FNAL was
adjusted for peak height, there were no significant

differences in FNAL between fracture patients and the
current-height-matched controls (102.0+ 4.9 mm vs
102.6+ 5.3 mm;p= 0.74) (Table 2).

These differences in FNAL according to whether it
was adjusted for either current height or peak height
were due to differences in estimated height loss (peak
height minus current height) between the fracture and
control groups. Men with hip fracture had experienced
greater height loss (8.0+ 4.3 cm, mean+ SD) than
either age-matched controls (2.0+ 2.8 cm) or height-
matched controls (2.1+ 2.6 cm).

There was no significant difference in FNAL between
cervical or trochanteric fractures either unadjusted or
adjusted for peak or current height.

Model-Fitting Analyzes

In univariate logistic regression analysis, femoral neck
BMD was consistently the strongest or equivalently

Table 2. Femoral neck axis length (FNAL) in fracture patients and controls

FNAL Hip Age-matched Height-matched
fracture controls controls
patients

Females
Unadjusted 91.5+5.4 89.7+5.4
Current-height-adjusted 91.2+4.8 89.8+4.8
Peak-height-adjusted 90.9+4.9 89.8+4.8

Males
Unadjusted 103.9+3.9 103.4+6.3 100.5+5.3a

Current-height-adjusted 105.3+4.8 101.6+5.1c 102.0+5.0b

Peak-height-adjusted 102.0+4.9 102.1+5.1 102.6+5.3

Table 1. Characteristics of the study sample

Hip Age-matched Height-matched
fracture controls controls
patients

Females
Number 23 100
Age (years) 77 + 6 76 + 5
Weight (kg) 54 + 10 65 + 13c

Current height (cm) 159 + 8 158 + 6
Peak height (cm)* 163 + 6 (19) 160 + 6 (97)
FNAL (mm) 91.5 + 5.4 89.7+ 5.4
BMD (g/cm2) 0.65+ 0.09 0.74+ 0.11c

Males
Number 13 65 59
Age (years) 77 + 9 75 + 4 70 + 7a

Weight (kg) 67 + 14 77 + 12b 72 + 12
Current height (cm) 168 + 6 174 + 6c 167 + 7
Peak height (cm)* 176 + 5 (12) 176 + 6 (62) 170 + 7b (56)
FNAL (mm) 103.9+ 3.9 103.4+ 6.3 100.5+ 5.3a

BMD (g/cm2) 0.67+ 0.15 0.89+ 0.13d 0.88+ 0.13d

Values are mean+ SD.
FNAL, femoral neck axis length.
p values for comparison with hip fracture group are:ap50.05,bp50.01,cp50.001,dp50.0001.
*Numbers of subjects for whom peak height was available are shown in parentheses.
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strong discriminant of fracture risk across all groups
(Table 3). FNAL was not a significant predictor of hip
fracture when compared with either the female (odds
ratio (OR) = 1.2; 95% confidence interval (CI) = 0.9–
1.6) or male age-matched control groups (OR = 1.1; 95%
CI = 0.8–1.6). These results were essentially the same
when analyzed according to prediction of either cervical
or trochanteric fracture risk. OR and 95% CI for female
cervical and trochanteric fracture risk were 1.4 (0.9–1.9)
and 1.3 (0.95–1.9), respectively. For the males the
corresponding risks were 1.1 (0.6–1.8) and 1.1 (0.7–1.7).
Analysis for one-to-one matching using conditional
logistic models confirmed no relationship between
FNAL and hip fracture risk. FNAL was only a significant
predictor of hip fracture (OR = 2.1; 95% CI = 1.2–3.6) in
the current-height-matched male controls, although the
association between fracture risk and height loss or peak
height was stronger than that between fracture risk and
FNAL.

To account for the correlation between these factors in
assessing hip fracture risk, several model-fitting analyses
using BMD, FNAL, current height, peak height and
height loss were performed. The age-matched male and
female control groups were chosen as appropriate
controls. The best model was that which incorporated
BMD and peak height for the females and BMD and
height loss for the males. When FNAL was forced into
these models there was no significant improvement
(p= 0.40 for the females andp = 0.99 for the males).
Although FNAL did contribute marginally to the model
incorporating BMD and height loss in the females
(p= 0.06), this model did not fit the data as well as the
model including BMD and peak height alone (log
likelihood ratio 90.6 vs 89.1).

In stepwise logistic regression analysis (using age-
matched female and male control groups), once femoral
neck BMD was included in the model for fracture risk,
the only significant additional variables were peak height
for the females (p = 0.03) and height loss for the males
(p= 0.01). FNAL was not an independent predictor in
either females or males. These results were unchanged
whether FNAL was adjusted for peak height or for
current height.

Discussion

While the usefulness of femoral neck BMD in the
assessment of risk of hip fractures has been well
documented, geometrical structure of the femur has
only recently been explored. A 1 SD increase in HAL, a
measure derived from the Hologic QDR densitometer,
was associated with a 1.8-fold increase in risk of hip
fracture in elderly females [13]. There has been no
prospective study of the association between femoral
geometric structure and hip fracture risk in males.

The standard bone windows on the Lunar DPX-L
densitometer do not in general allow for the inner pelvic
rim portion of HAL to be measured. Thus FNAL, a
similar measure but excluding structures proximal to the
apex of the femoral head, has been used in several
retrospective and cross-sectional studies. For the same
reason, FNAL was measured in this study as HAL could
not be calculated. Although HAL has been shown to be
associated with hip fracture risk in females, the literature
concerning FNAL has been contradictory despite the fact
that FNAL has been shown to correlate well with HAL
[18], including in the present study.

In the present study, it was found that FNAL was not a
significant predictor of hip fracture risk in either males
or females. In contrast, peak height in females and height
loss in males were independent risk factors for hip
fracture.

Greater height loss had occurred in the male hip
fracture patients compared with that of the controls (8.0
+ 4.3 vs 2.0+ 2.8; p = 0.0006). This explained the
difference in FNAL according to whether it was adjusted
for current or peak height and is consistent with the
finding that estimated height loss in males was an
independent predictor of fracture risk. Greater height
loss was also reported in the first study of the association
between HAL and hip fractures in females but peak
height corrections for HAL were not reported [13].
These results suggest that the greater height loss in hip
fracture patients may reflect a more generalized state of
bone loss. Vertebral deformity has also been associated
with subsequent non-vertebral fractures (including hip
fracture) independent of bone mineral density [23]. In

Table 3. Hip fracture risk and anthropometric parameters: univariate logistic regression

Males Females

Matched for Matched for Matched for
age current height age

BMD 7 0.13 g/cm2 3.2 (1.6–6.4) 2.5 (1.4–4.5) 1.7 (1.2–2.3)
Current height 7 6 cm 1.9 (1.2–3.0) 1.1 (0.8–1.7) 1.1 (0.8–1.4)
Peak height + 6 cm 1.0 (0.7–1.4) 2.6 (1.3–5.2) 1.3 (1.0–1.7)
Height loss + 3.2 cm 2.5 (1.5–4.1) 2.4 (1.4–4.2) 1.1 (0.9–1.5)
Weight 712.5 kg 1.6 (1.1–2.4) 1.1 (0.8–1.7) 1.8 (1.3–2.6)
FNAL + 4.9 mm 1.1 (0.8–1.6) 2.1 (1.2–3.6) 1.2 (0.9–1.6)

Values are odds ratios per standard deviation (SD) changes with 95% confidence intervals in parentheses. All analyzes
are adjusted for age. Values in bold type are significantly different from 1.0.
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addition, preliminary analyzis of an elderly cohort of
women from the Framingham study found recent height
loss to be predictive of subsequent hip fracture [24].

Although peak height is a recalled measure, remote
recall of childhood anthropometric data is in close
agreement with measured values [25]. Although men
may overestimate peak height, it was not different
between the hip fracture and age-matched control group.
Thus recall bias seems unlikely to have contributed to
the apparent differences in height loss between male
fracture patients and controls.

There was a significant correlation between FNAL
and height in this study, consistent with previous
findings [13,15,20]. Height, in turn, has recently been
shown in several large prospective studies in women and
men to be related to hip fracture [26–28]. A fall from a
greater height may be expected to impact the surface at a
greater velocity [29]. The baseline heights reported in
these studies would have been likely to approximate the
peak height measure used in the current study. The
association between peak height and hip fracture in
females in the current study is consistent with these
larger studies and it seems logical to adjust FNAL for
peak rather than current height. In the women studied
here, there was a trend to greater height in the hip
fracture group as has been observed in other association
studies [26–29]. The lack of significance of this trend
may relate to the sample size, as may the apparent lack
of difference in peak heights in male hip fracture and
non-fracture subjects.

The lack of a significant association between FNAL
and hip fracture observed in the present study is
consistent with a recent case–control study of FNAL
and hip fractures [20]. In another case–control study [19]
where both FNAL and HAL were measured, HAL but
not FNAL was associated with fracture risk in univariate
analysis. After adjusting for BMD, both variables
became significant. The difference between FNAL and
HAL is the joint space and acetabular rim (often referred
to as the acetabular width), which is included in the
measurement of HAL but not of FNAL. In our study, this
accounted for 12% of HAL. Thus the association
between HAL and fracture risk may, in part, be mediated
through this acetabular width [30]. However, unlike
HAL, which has been associated with both trochanteric
and femoral neck fractures, acetabular width was only
shown to be associated with femoral neck fractures in
one study [12] and was not found to be associated with
either fracture type in another study [19]. Osteoarthritis,
which is associated with a decrease in the hip joint space
and hip fracture [31] may confound the association
between HAL and hip fracture. Thus if there is a
relationship between HAL but not FNAL and hip
fracture, this might relate in part to the inclusion of
this joint space and any changes in it.

A previous study has suggested that femoral geometry
may be more critical in females than males [11] and a
recent study reported no difference in HAL between
black males and white males, despite a lower reported
risk of hip fracture in black males [32]. In the present

study, it was found that FNAL in males was significantly
longer (by about 14 mm, or more than 2 SD) than in
females. These differences in FNAL are in the opposite
direction to the differences in the relative fracture rates
between males and females, which would predict a
shorter FNAL in males [33]. This discrepancy may
reflect the multifactorial nature of hip fracture risk and
possible different risk profiles between the sexes.

A type II sampling error could account for the non-
significant difference in FNAL between hip fracture
patients and controls in our sample, but this appears
unlikely. Using a standardized difference (a ratio of the
difference to SD) of 0.55–0.6 (as observed in the Study
of Osteoporotic Fractures [13]) between hip fracture
patients and controls, it can be estimated that our sample
had a480% chance of detecting a 3 mm difference in
FNAL between fracture patients and controls in females.
In the males, our sample had a480% chance of
detecting a standardized difference of 0.7, i.e. a 4 mm
difference in FNAL between fracture patients and
controls. The difference in FNAL between fracture
patient and controls found in the females in this study
was 0.33 SD, which was not significant although the
power to detect a difference of this size was only 31%. In
the males the difference in FNAL between fracture
patients and controls was 0.1 SD.

In this study, FNAL and height were highly
correlated; however, peak height in females and
estimated height loss in males rather than FNAL
appeared to be independent risk factors for hip fracture.
Moreover the longer FNAL in males than in females is
not associated with increased hip fracture risk. We
conclude that there is limited utility of FNAL in the
assessment of hip fracture risk in elderly males and
females and the reported association of HAL with hip
fracture seems not to be related to stresses or strains in
femoral neck length. The relationship between para-
meters of femoral neck geometry, height, height loss and
hip fracture needs further examination in prospective
studies of hip fracture risk.
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