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Distribution of vertebral fractures varies among patients
according to hip fracture type
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Abstract
Summary This study explored the distribution of vertebral
fractures in hip fracture patients. Unlike patients with
intertrochanteric fractures, those with subcapital fractures
were less likely to have vertebral fractures in the T4-T10
region of the spine. The dissimilar distribution of vertebral
fractures among patients with intertrochanteric and subcapital
fractures may indicate different underlying etiologies.
Introduction There are two main types of hip fractures:
intertrochanteric and subcapital. Both types can have associat-
ed vertebral fractures. In this study, we explored the distribu-
tion of vertebral fractures in the two hip fracture populations.
Methods This was a retrospective analysis of a convenience
sample of 120 patients: 40 with subcapital fractures and
vertebral fractures, 40 with intertrochanteric fractures and
vertebral fractures, and 40 with vertebral fractures only. Based
on Genant’s semiquantitative assessment method of radio-
graphic images, the distribution and severity of each patient’s
vertebral fractures were explored [1].
Results Patients with subcapital fractures had significantly
fewer total vertebral fractures (93 vs. 144, p=0.005; 93 vs.
127, p=0.019), vertebral fractures from T4 to T10 (41 vs. 81,
p=0.005; 41 vs. 64, p=0.042), and vertebral fractures at the
T7-T8 peak (11 vs. 31, p=0.002; 11 vs. 30, p=0.003) than

patients with intertrochanteric fractures and those with ver-
tebral fractures alone, respectively, and they were more likely
to have only one vertebral fracture (15 vs. 3, p<0.001; 15 vs.
2, p<0.001). The number of vertebral fractures from T11 to
L4 and at the T12-L1 peak did not differ among the groups.
The numbers of fractures at each vertebral level was signif-
icantly correlated only between those with intertrochanteric
fractures and those with vertebral fractures alone (r=0.65,
p=0.009).
Conclusion The distribution of vertebral fractures among
patients with subcapital fractures differed from the other
fracture groups, which may indicate that subcapital frac-
tures and some lumbar fractures have a different under-
lying etiology than intertrochanteric fractures and tho-
racic (T4-T10) fractures.
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Introduction

The vertebral fracture is to a large extent the predominant
fracture seen in patients with osteoporosis; however, such
fractures can be caused by trauma (i.e., falling), and many
people with vertebral fractures do not have low bone density
[2]. The occurrence of a fracture is the result of an interaction
between bone strength and the degree of trauma. For example,
in younger men, there are more vertebral fractures than in
younger women, likely reflecting their greater exposure to
more traumatic sports and occupations [3]. Any vertebral
damage sustained in earlier life will still be present in later
life and so such fractures may not reflect the presence of
osteoporosis. It is probable that the site of the fracture is a

J. Watt : R. G. Crilly
Department of Medicine, Western University, 801 Commissioner’s
Road E., London, ON N6C5J1, Canada

L. Cox
McMaster University, Hamilton, ON, Canada

R. G. Crilly (*)
Department of Medicine, Division of Geriatric Medicine, St.
Joseph’s Health Care, 801 Commissioner’s Road E., London,
ON N6C5J1, Canada
e-mail: richard.crilly@sjhc.london.on.ca

Osteoporos Int (2015) 26:885–890
DOI 10.1007/s00198-014-2887-y



result of the nature of the trauma and the place in the spine
where the force is highest.

The distribution of vertebral fractures in osteoporosis is
bimodal: mid-thoracic fractures occur most frequently at T7-
8 and thoracolumbar fractures occur most frequently at T12-
L1 [1, 3–5]. Interestingly, this distribution was found irrespec-
tive of whether or not there was a previous history of trauma
[3]. Analysis of data from the Fracture Intervention Trial
(FIT), to address the issue of whether or not alendronate
would preferentially prevent vertebral fractures in different
areas of the spine, showed that new fractures in the upper
spine (T4-T10) were more strongly associated with a low
bone mineral density (BMD) than were new fractures in the
lower spine (T11-L4) raising the possibility that thoracic
fractures are more reflective of osteoporosis than those in the
lower spine [4].

Defining osteoporosis in patients with a hip fracture pre-
sents further problems. Previous studies have described dif-
ferences between subcapital and intertrochanteric hip frac-
tures, the two main types, in terms of bone density, bone
quality, and other clinical risk factors [6–10]. The Study of
Osteoporotic Fractures concluded that subcapital and
intertrochanteric fractures did have different risk factors. Poor
functional status and BMD predicted femoral neck fractures,
while aging and poor health predicted intertrochanteric frac-
tures [6]. There have been conflicting reports about the fre-
quency of vertebral fractures among these two fracture groups
although, more recently, the BREAK study found that patients
with intertrochanteric fractures had significantly more verte-
bral fractures than those with subcapital fractures [6, 8,
11–13]. Researchers have hypothesized that further under-
standing of these two fracture groups might represent an area
for improvement in our current assessment of fracture risk
[14]. It has been suggested that the intertrochanteric fracture
may be the osteoporotic hip fracture, while the subcapital
fracture may be more trauma-related and occur in those with
better bones [15]. A different response to prevention might
therefore be expected but, unfortunately, previous studies of
osteoporosis treatments were not analyzed to show if one type
of hip fracture was preferentially prevented by pharmacolog-
ical treatment.

The purpose of this study was to describe the distribution
and spinal deformity index (SDI) of vertebral fractures among
patients with vertebral fractures drawn from three fracture
groups: those with subcapital fractures, those with
intertrochanteric fractures, and those with only vertebral frac-
tures. We hypothesized that if the etiology of the subcapital
fracture is different from that of the intertrochanteric fracture,
this might be reflected in a different distribution of vertebral
fractures in the two groups and the distribution of vertebral
fractures in the intertrochanteric fracture patients might be
closer to that seen in the osteoporotic vertebral fracture
patients.

Methods

Patient selection

This was a retrospective data review of a sample of patients
with vertebral fractures, but no hip fracture, presenting to the
St. Joseph’s Health Care Outpatient Osteoporosis Clinic, and
patients with subcapital or intertrochanteric hip fractures and
concomitant vertebral fractures admitted to the Parkwood
Hospital Geriatric Rehabilitation Unit (GRU) in London, On-
tario, between 2007 and 2013. Patients were included in the
study if they had lateral and anteroposterior (AP) radiographs
of the thoracic and lumbar spine. An AP view of the pelvis
was also needed if they were being considered for one of the
patient groups with concurrent hip and vertebral fractures.
Working in reverse order from 2013, patient charts were
sequentially selected from a list of patients who had been seen
in either the osteoporosis clinic or the GRU. Enrolment in
each group was completed when 40 patients were found that
met the aforementioned inclusion criteria. Some of the radio-
graphs and vertebral fracture height measurements analyzed
in this study were previously used in a study by Crilly et al.,
where a comparison was made between groups of patients
with hip fractures, vertebral fractures, or both, to show that
those with vertebral fractures have the worst and those with
hip fractures, but no vertebral fractures, the best bone mineral
density [16]. All patients from the osteoporosis clinic were
referred for the management of osteoporosis, defined as the
presence of spinal compression fractures and reduced spinal
bone mineral density.

There were 120 patients included in this study: 80 patients
from the GRU and 40 patients from the Osteoporosis Clinic.
Of the patients from the GRU, 40 patients had a trochanteric
fracture and at least one associated vertebral fracture and 40
patients had a subcapital fracture and at least one associated
vertebral fracture. All 40 patients from the Osteoporosis Clinic
had previously sustained vertebral fractures, but none had a
history of hip fracture. Each patient’s age at the time of hip
fracture was taken from the patient’s chart. The age of each
patient with only vertebral fractures was calculated from in-
formation on their electronic health record and the date on
their initial outpatient radiographs. For patients admitted to the
GRU, the height and weight were recorded upon admission to
rehabilitation, while this information was taken from BMD
data for patients at the Osteoporosis Clinic.

Measurements

Lateral radiographs of the thoracic and lumbar spine were
used to assess each vertebra from T4 to L5 for the presence
and severity of vertebral fractures based on the methodology
of Genant et al. [1]. Each vertebral fracture was then assigned
a grade (0, 1, 2, or 3). A grade of 0 means that there is no
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fracture. A grade 1 fracture represents a mild deformity and it
has a 20–25 % reduction in height at either the anterior,
middle, or posterior location of the vertebral body. Grade 2
fractures represent a more moderate deformity as evidenced
by a 25–40 % reduction in height at the anterior, middle, or
posterior locations. A grade 3 fracture is the most severe form
of vertebral fracture with evidence of >40 % height loss at the
anterior, middle, or posterior locations. The SDI was calculat-
ed by taking the sum of the grades assigned to each vertebral
fracture. The total number of vertebral fractures and their
distribution throughout the spine was recorded.

Analysis

Patients’ baseline characteristics were compared using stan-
dard descriptive statistics (mean and standard deviation). The
one-way analysis of variance (ANOVA) was used to detect
differences between means of samples of numerical data.
Fisher’s LSD test was used to do follow-up analyses for
between-group differences. A chi-square test was used to
calculate p values when groups of categorical variables were
compared. The Pearson’s r correlation was used to indicate if
there was a correlation between the number of vertebral frac-
tures measured at each spinal vertebrae (T4-L4) between the
three fracture groups. Results were considered to be statisti-
cally significant at p<0.05. Statistical analysis was performed
using GraphPad Prism Software, version 6.02.

For analysis, we considered the thoracic spine to be com-
posed of the vertebrae from T4 to T10 and the lumbar spine to
be composed of vertebrae from T11 to L4. The point of
division represents the nadir of the bimodal distribution and
it was previously used in an analysis by Nevitt et al. [4].

Ethics approval was obtained through the Western Univer-
sity Health Sciences Research Ethics Board.

Results

The baseline characteristics of the 40 patients in each of the
three fracture groups are outlined in Table 1. Apart from the
patients in the vertebral fracture group being younger than
their counterparts with subcapital fractures (p<0.001) and
trochanteric fractures (p=0.02), the three fracture groups were
not significantly different in terms of height, weight, or num-
ber of women in each group at baseline. Age, although sig-
nificantly lower in the vertebral fracture group, did not corre-
late with the number of fractures either within or between
groups. The distribution by region (T4-T10 and T11-L4) and
type of vertebral fracture in the three groups is shown in Fig. 1.
The vertebral fractures in the group of patients with only
vertebral fractures were of the expected bimodal form and
they were mirrored by the distribution in the intertrochanteric

fracture patients; however, the subcapital fracture patients
lacked a clear thoracic peak.

There were significantly fewer vertebral fractures among
those patients in the subcapital fracture group than in the
intertrochanteric fracture group (93 vs. 144, p<0.001) or the
vertebral fracture group (93 vs. 127, p=0.019). The number of
vertebral fractures did not differ among the group of patients
with only vertebral fractures and those in the intertrochanteric
fracture group (127 vs. 144, p=0.23). Patients with subcapital
fractures had fewer vertebral fractures from T4 to T10 than
either the patients in the intertrochanteric fracture group (41 vs.
81, p<0.001) or the group with vertebral fractures alone (41 vs.
64 p=0.042), but there was no significant difference in the
number of vertebral fractures from T4 to T10 between those
patients with intertrochanteric fractures and those with vertebral
fractures alone (81 vs. 64, p=0.13). When the number of verte-
bral fractures from T11 to L4 was compared between those with
subcapital fractures and intertrochanteric fractures (52 vs. 63, p=
0.31), those with subcapital fractures and vertebral fractures
alone (52 vs. 63, p=0.31), and those with intertrochanteric
fractures and vertebral fractures alone (63 vs. 63, p=1.0), there
were no significant differences found. Patients in the subcapital
fracture group had significantly fewer vertebral fractures at the
T7-8 peak than either the intertrochanteric group (11 vs. 31, p=
0.002) or the vertebral fracture group (11 vs. 30, p=0.003),
while the intertrochanteric and vertebral groups did not differ
(31 vs. 30, p=0.87). In contrast, there was no difference seen in
the number of vertebral fractures at the T12-L1 peak between
those with subcapital fractures and intertrochanteric fractures
(29 vs. 28, p=0.86), those with subcapital fractures and vertebral
fractures (29 vs. 31, p=0.73), or those with intertrochanteric
fractures and vertebral fractures alone (28 vs. 31, p=0.60).

The mean SDI of the subcapital fracture group was signif-
icantly lower than that of the intertrochanteric fracture group
(4.03 vs. 5.50, p=0.02) and the vertebral fracture group (4.03
vs. 5.53, p=0.018). The mean SDI did not vary significantly
between the intertrochanteric fracture group and the vertebral
fracture group (5.50 vs. 5.53, p=0.97). When the severity of
each individual vertebral fracture was analyzed, there were no
significant differences seen among those with subcapital frac-
tures and intertrochanteric fractures (1.80 vs. 1.61, p=0.18),
those with subcapital fractures and vertebral fractures (1.80 vs.
1.76, p=0.79), or those with intertrochanteric fractures and
vertebral fractures alone (1.61 vs. 1.76, p=0.29).

The number of vertebral fractures from T4 to L4 was not
significantly correlated between the subcapital and
intertrochanteric groups (r=0.24, p=0.091) nor was there a
significant correlation between the subcapital and vertebral
fracture groups (r=0.29, p=0.055); whereas, there was a
significant correlation between the intertrochanteric and ver-
tebral fracture groups (r=0.65, p<0.001).

Patients in the subcapital fracture group were significantly
more likely to have only one vertebral fracture than both the
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intertrochanteric group (15 vs. 3, odds ratio (OR) 5.94, 95 %
CI 1.5–22.9, p=0.010) and the vertebral fracture group (15 vs.
2, OR 9.15, 95 % CI 1.9–43.9, p=0.003). There was no
difference in the number of patients who had only one verte-
bral fracture when those in the intertrochanteric and vertebral
fracture groups were compared (3 vs. 2, OR 0.65, 95 % CI
0.10–4.11, p=0.64).

Discussion

This study has found that patients with intertrochanteric frac-
tures and concomitant vertebral fractures have a distribution
of vertebral fractures similar to the group of osteoporotic

patients with only vertebral fractures. On the other hand,
patients with a subcapital fracture differ from those patients
with only vertebral fractures in terms of both the number and
distribution of their vertebral fractures—these being fewer,
frequently single, and more often confined to the lower spine.
In keeping with previous studies, there was a greater preva-
lence of vertebral fractures among patients with
intertrochanteric fractures than their counterparts with
subcapital fractures [8, 11–13]. Although patients with
intertrochanteric fractures have more vertebral fractures, we
found that the individual severity of each fracture does not
differ between hip fracture types.

The novel finding in this study is that patients with
intertrochanteric fractures show the well-described bimodal

Table 1 Baseline characteristics
of study population

SD standard deviation
a The group of patients with only
vertebral fractures were signifi-
cantly younger
b The group of patients with
subcapital fractures had signifi-
cantly fewer total vertebral
fractures
c The group of patients with
subcapital fractures had signifi-
cantly fewer fractures from T4 to
T10
d The group of patients with
subcapital fractures had a signifi-
cantly lower SDI

Subcapital
fracture

Intertrochanteric
fracture

Vertebral
fractures

Number of patients 40 40 40

Age, mean (years) +/− SD 82.7 +/− 8.1 80.7 +/− 6.8 76.3 +/− 9.8a

Sex, female 27 31 26

Height, mean (cm) +/− SD 160.0 +/− 10.7 160.1 +/− 11.6 157.1 +/− 8.6

Weight, mean (kg) +/− SD 64.2 +/− 14.0 62.9 +/− 15.0 59 +/− 14.2

Total number of vertebral fractures 93b 144 127

Number of fractures from T4 to T10 41c 81 64

Number of fractures from T11 to L4 52 63 63

Number of patients with T4-T10 fractures (%) 23 (57.5) 33 (82.5) 33 (82.5)

Number of patients with T11-L4 fractures (%) 34 (85) 32 (80) 33 (82.5)

Range of number of T4-T10 fractures per patient 1–4 1–5 1–4

Range of number of T11-L4 Fractures Per Patient 1–4 1–5 1–6

Spinal deformity index, mean +/− SD 4.03 +/− 3.0d 5.50 +/− 2.8 5.53 +/− 2.6

Vertebral fracture severity, mean +/− SD 1.80 +/− 0.76 1.61 +/− 0.57 1.76 +/− 0.53
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Fig. 1 This graph illustrates the distribution of fractures among the spinal
vertebrae. The total number of vertebral fractures at each spinal vertebral
was significantly correlated between the group of patients with
intertrochanteric fractures and vertebral fractures only (r=0.65,

p<0.001), while there was no significant correlation found between the
groups of patients with subcapital fractures and intertrochanteric fractures
(r=0.24, p=0.091) or the groups of patients with subcapital fractures and
vertebral fractures only (r=0.29, p=0.055)
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vertebral fracture distribution, peaking at T7-8 and T12-L1,
while the subcapital fracture patients with vertebral fractures
lack the thoracic peak showing only a peak at the T12-L1
region. This could mean that the vertebral fractures observed
in patients with intertrochanteric fractures reflect a pathophys-
iology similar to that seen in those patients with only vertebral
fractures, while the vertebral fractures seen in the patients with
subcapital fractures may reflect a different etiology. This may
be explained by bone morphology and the mechanism of
fracture. In terms of morphology, the intertrochanteric region
is composed of a greater percentage of trabecular bone, much
like spinal vertebrae, while the femoral neck region has a
greater percentage of cortical bone [17, 18]. Various reports,
though not totally consistent, suggest that the subcapital frac-
ture patients have better bone mineral density than those with
intertrochanteric fractures pointing toward a greater degree of
osteoporosis in the latter [6, 13, 15]. With regard to the
mechanism of fracture, it is likely that almost all hip fractures
are traumatic in nature to a significant degree. The energy
produced in a fall from standing height has been shown to be
sufficient to fracture any hip if the patient lands on the greater
trochanter and biomechanics likely play an important role in
sustaining a hip fracture [19–21]. It has been suggested that
trabecular osteoporosis, if present, will make the
intertrochanteric region vulnerable, while if the
intertrochanteric region is strong, the force gets passed along
to shear off the head of the femur [22].

The pattern of falls among elderly people differs from that
of younger patients (hence the hip fracture). The type of fall
that breaks the hip might put the greatest force on the lumbar
spine and this may be sufficient to break a normal vertebra;
however, in the thoracic spine, where the force is less, frac-
tures would occur only if the bone density was compromised
with, perhaps, the greatest force acting at T7-8 where the
natural thoracic kyphosis is greatest [23]. This interpretation
would be consistent with the findings of a follow-up study
from the Fracture Intervention Trial (FIT), which found that
new fractures in the upper spine (T4-T10) were more likely to
be associated with a low bone mineral density (BMD) than
were new fractures in the lower spine (T11-L4) [4]. The
authors also found that while prevalent vertebral fractures
were associated with an increased risk of subsequent vertebral
fractures, this risk was greatest for new vertebral fractures in
the T4-T10 region. Additionally, the analysis of data from the
Fracture Intervention Trial found that there was a tendency
toward greater fracture reduction at the T7-8 peak than at the
T12-L1 peak with the use of alendronate, which again sug-
gests that those with thoracic fractures are more osteoporotic
[4].

The logical conclusion of this hypothesis is that not all
vertebral fractures reflect osteoporosis and may not auto-
matically indicate a need for treatment with osteoporosis
medications. The findings of our study lend further support

to the argument that not all vertebral fractures should be
treated as equal when being considered in fracture risk
assessment tools. Our results, combined with those of the
FIT, further suggest that the location of fractures may also
be an important factor to consider when assessing a pa-
tient’s fracture risk [4].

The study previously done by Crilly and Cox found that
patients with vertebral fractures alone had lower bone mineral
densities than those patients with both vertebral fractures and
hip fractures and that both of the aforementioned groups had
lower bone mineral densities than the group of patients with
only hip fractures [16]. Unfortunately, there are several limi-
tations to both studies that limit direct comparisons between
them. Our current study lacked bone mineral density data for
most of the patients with concurrent hip and vertebral frac-
tures, while the study by Crilly and Cox did not divide the
group of patients with hip fractures by hip fracture type.

There are several weaknesses in our study methodology.
First of all, this is a retrospective study based on a convenience
sample of patients with hip fractures who were admitted to the
Geriatric Rehabilitation Unit. Patients who were discharged
home from the orthopedic unit or directly to Long Term Care
establishments were excluded from our study sample. Hip
fracture patients whose physical condition was adequate to
return home without rehabilitation were also not represented
in this study. Second, the patients with vertebral fractures were
outpatients seen in an osteoporosis clinic so these patients may
have differences in baseline characteristics, such as level of
frailty, which were not accounted for in this study. Third,
clinical information regarding the circumstances under which
the vertebral and hip fractures occurred, including whether or
not they were the result of trauma, is also not known,
reflecting the retrospective nature of the study. Fourth, the
study population consisted of both men and women, which
may have influenced the nature of the vertebral and hip
fractures; however, each of the groups had a similar number
of men and women. The study populations also differed in that
the group of patients with only vertebral fractures was signif-
icantly younger than the other two groups. A prospective
study to describe the interrelationships between bone strength,
fall type, vertebral fracture location and hip fracture type is
needed.

Conclusion

In comparing those patients with vertebral fractures alone, or
in association with subcapital or intertrochanteric hip frac-
tures, we found that the patients with subcapital fractures have
a vertebral fracture distribution that differentiates them from
the patients with intertrochanteric fractures and those patients
with vertebral fractures alone. This may indicate that patients
with intertrochanteric fractures who have multiple fractures
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throughout the thoracolumbar spine, in particular those with
thoracic fractures, may be more osteoporotic than their coun-
terparts with subcapital fractures. Furthermore, additional re-
search into the vertebral fractures of the thoracic spine may
enhance our current understanding of the pathophysiology of
osteoporosis and help us to better target patients who can
benefit from osteoporosis treatments in the future.

Conflicts of interest None.
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