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A prospective case-control study of
ankle fracture in postmenopausal women
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Objectives. To compare bone mineral density of women with postmenopausal
ankle fractures with controls and review patient characteristics, injury
mechanisms, and outcomes.
Design. Prospective case-control study.
Setting. University teaching hospital, Hong Kong.
Participants. Women older than 60 years, admitted with ankle fractures
between 2002 and 2003 and controls (age-matched women with femoral neck
fractures).
Main outcome measures. Demographic data, bone mineral density, mechanism
of injury, fracture pattern, treatment, and the functional outcome.
Results. The mean age of the study group (18 ankle fracture patients) was 74
years. The fractures usually resulted from a low-energy trauma; isolated lateral
malleolar fracture was the most common (8/18), whilst six had bimalleolar
fractures. Their mean T-score bone mineral density values at the spine and
hip were -1.67 and -1.70, respectively; corresponding Z-scores were +0.73 and
+0.99. The bone mineral density of the study group was significantly higher
than in patients with fractured neck of femur (controls) and the general popula-
tion (P<0.05). Nine of the study group had diabetes and one had impaired
glucose tolerance. Treatment comprised casting in 10 patients and operative
fixation in seven. Good functional recovery was achieved; most patients were
able to resume their premorbid level of independent daily activities with a good
motor functional independence score (85.18/91) 1 year post-injury.
Conclusion. In this case-control study, postmenopausal ankle fractures were not
associated with osteoporosis. Diabetic neuropathy may have been a risk factor
for such injury. The functional outcome of such patients was generally satisfactory,
provided appropriate treatment was given.
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Introduction

Ankle fracture is one of the most commonly encountered non-spinal fractures



Hong Kong Med J Vol 12 No 3 June 2006      209

Ankle fracture in postmenopausal women

in the elderly population and its incidence has increased
over the last few decades.1 The age-adjusted incidence of
ankle fractures in elderly Finns increased from 66 per
100 000 in 1970 to 162 per 100 000 in 1994.2 These
fractures may require surgical treatment. In addition, the
injury can carry significant morbidity and mortality. While
hip fractures, distal radius fracture, and vertebral collapse
have been well studied in the elderly population and estab-
lished as a consequence of osteoporosis with a high female-
to-male ratio,1,3,4 very little is known about ankle fractures.

Traditionally, ankle fracture in the elderly was thought
to be related to osteoporosis.5 However, there is little
evidence to support or refute this view. Although low bone
mineral density (BMD) was observed in the distal radius
and neck of femur in a large study of women aged over
65 years,6 a more recent study revealed that the BMD of
elderly women with a fractured ankle was no different to
that of women with no fracture.7 Jensen et al8 reported that
ankle fractures were mainly caused by substantial trauma
sustained during physical activity and the presence of
osteoporosis seemed to be of little relevance.

As the population of the aged continues to grow in
number, the incidence of geriatric fractures will very likely
continue to increase. It is therefore important to understand
the characteristics of ankle fracture and the corresponding
behaviour of affected persons so as to provide the best
preventive and therapeutic advice.

Methods

In this prospective case-control study, postmenopausal
female patients older than 60 years with an ankle fracture
admitted to the Prince of Wales Hospital between 2002 and
2003 were identified. During the admission of each index
patient, corresponding demographic data, concomitant
medical problems, mechanism of injury, fracture pattern,
treatment given, and complications were recorded.
Measurement of BMD at the lumbar vertebrae and neck of
femur was performed within 3 months of the initial injury,
using the Norland XR 36 model (Norland Medical System
Incorporation, Wisconsin, US) and the standard protocol.

Patients were discharged upon completion of treatment
and commenced an individualised rehabilitation programme
based on their premorbid ambulatory status. This took
the form of partial weight bearing with crutches, followed
by a gradual increase in weight bearing. Patients were
reassessed 26 weeks and 52 weeks after the injury; residual
pain was assessed using a visual analogue scale (VAS) and
by recording analgesic requirement. Ambulatory capacity
was noted and functional recovery assessed using a
functional independence measure (FIM).

During the same period, an age-matched group of
patients admitted with femoral neck fracture was identified
as the control group and their BMD at the neck of femur

was measured according to the same protocol. Bone
mineral density findings from the two groups were
compared by Student’s t test. The T-score of BMD in the
range of -1.5 to -2.5 was considered osteopenic and a score
of less than -2.5 was considered osteoporotic.

Results

During the study period, 22 patients fulfilled the study
criteria, of whom 18 (mean age, 74; range, 60-86 years)
were successfully analysed. Among the four patients who
were not recruited, two preferred treatment from ‘bone-
setters’, one defaulted, and one did not complete BMD
measurements.

Seventeen of the ankle fractures followed low-energy
trauma (falling on stairs or twisting the ankle) and one was
an isolated fibular fracture sustained during a traffic accident.

There were eight isolated lateral malleolar fractures and
only one isolated medial malleolar fracture. Six and three
patients sustained bimalleolar and trimalleolar fractures,
respectively. Weber type B fracture pattern occurred in 12
patients, and types A and C in 5 and 1, respectively. No
patient in this study sustained a pylon fracture.

Casting formed the primary treatment in 10 patients,
seven underwent open reduction and internal fixation and
one had an open reduction and internal fixation augmented
by postoperative casting for 6 weeks.

Comparison of BMD in age-matched patients with
ankle fracture and fractured neck of femur revealed a
significantly higher mean T-score and Z-score in the former.
The scores were also higher than those of the age- and sex-
matched general population (Table 1).

There were four patients with a T-score of less than -2.5
in the spine and hip, and three with both T-score and Z-
score of less than -2.5 in both the spine and hip.

Mild residual pain was reported by seven patients (VAS:
1-3). No patient reported moderate-to-severe pain requiring
regular analgesia and 11 required no analgesia.

Table 1.  Bone mineral density of hip and lumbar vertebrae in
study patients and age- and sex-matched controls

Ankle-fracture Hip-fracture (control) General
group group population*

Hip
T-score -1.70 -2.57† -2.28†

Z-score +0.99 -0.08† +0.13†

Lumbar
vertebrae
T-score -1.67 N/A‡ N/A
Z-score +0.73 N/A‡ N/A

* Departmental data
† P<0.05 when compared with the ankle-fracture group
‡ N/A denotes not available
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One year later, a high proportion of patients had regained
an ambulatory level similar to their premorbid status; nine
could walk unaided, three walked with one-side aid, and
two were chair-bound (Table 2). The mean FIM score was
87 pre-injury and 85 a year post-injury. Sixteen patients had
a high FIM score and were independent whilst two had a
low score and one had a score of 48 both before and after
the initial injury. In another patient, the FIM score decreased
from 77 pre-injury to 53 post-injury.

No patient had a history of prior fracture; nine were
diabetic and nine were hypertensive. One other patient had
impaired glucose tolerance (Table 3). Two patients had
recovered from a stroke and two had received treatment for
a malignancy with no recurrence reported during the study
period.

Discussion

The mean BMD of the study population (Table 1) was within
the osteopenic range (T-score: -1.5 to -2.5), and only four
were classified as having osteoporosis (T-score: <-2.5).

Local epidemiological data reveals a prevalence of
osteoporosis at the spine of 45% in the 60-to-69–year
age-group.9 Though patients in this study were older, the
proportion with osteoporosis was much lower (22%). The
positive mean Z-score in this group of ankle fracture
patients suggests that they had better age-related BMD,
which was also consistent with them being more active, more
outgoing, and maintaining greater mobility.

When compared to age-matched patients with fractured
neck of femur and with age- and sex-matched subjects in
the general population, the T- and Z-scores of patients with
ankle fracture were higher. However, the controls had not
been matched for premorbid ambulatory status (which may
also affect BMD).

This study did not support osteoporosis as a cause of
ankle fracture in these postmenopausal women, except in
the patients with trimalleolar fractures. If the latter patients
were excluded, most of the remaining patients were
osteopenic rather than osteoporotic, consistent with their
positive Z-scores and higher BMDs than in age- and sex-
matched subjects in the general population.

Two patients who had trimalleolar fracture had

osteoporosis with T-score of the hip being -2.91 and -2.65.
One of these patients also sustained a simultaneous fracture
of the proximal humerus. The latter, an 85-year-old woman
was treated conservatively with casting, even though there
was malunion of the ankle fracture. Nonetheless, the
patient regained her premorbid mobility, could walk with a
cane and continued to be independent in her daily activities.
The other patient with trimalleolar fractures was treated
by open reduction and internal fixation, augmented by 6
weeks’ postoperative casting. Intra-operatively, the bone
was discovered to be too weak for the metallic implant;
her Z-scores in the spine and hip being -2.52 and -2.91
respectively.

During the study period, no patient with a pylon
fracture was encountered, possibly due to the small
number of patients in this study and the low incidence
of such fractures. Historically, pylon fracture were con-
sidered to result from: (a) high-energy trauma (eg motor
vehicle accidents or falling from height) or (b) low-energy
rotational injury, such as encountered in water and
whilst snow skiing. Postmenopausal Chinese women
are at a relatively low risk of being exposed to such
trauma.

Most patients had sustained their ankle fractures as a
result of low-energy trauma, as might be anticipated in
osteoporosis. However, it is evident that ankle fracture
resulting from low-energy trauma (such as level-ground
ankle inversion injury) can even occur in young active
males.

The life expectancy for women in Hong Kong is 83.9
years.10 Based on this figure, the patients in this study had
a remaining life expectancy of greater than 10 years.
Therefore, treatment for ankle fracture should be
aggressive with appropriate rehabilitation and avoidance of
long-term complications.

In our study there was a high proportion of patients with
diabetes and hypertension. In individuals over 65 years old,
the local prevalence of diabetes is approximately 25%.11

Although no relationship could be established from these
data, diabetic neuropathy and impaired proprioception
may have contributed to the falls on level ground. Similar
observations have been reported in the US.12 Further study
of a larger population is required with concomitant testing
of proprioception.

Table 2.  Ambulation levels in patients with ankle fractures
(n=18)

Patient numbers Patient numbers
pre-injury post-injury

Walk unaided 12 9
Walk with 1 cane 14 7
Walk with 2 canes 11 0
Chairbound 11 2

Table 3.  Prior co-morbidities in patients with ankle fractures

Co-morbidity No. of patients, n=18

Diabetes/impaired glucose tolerance 10
Hypertension 19
Stroke 12
Malignancy 12
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Conclusion

This study provided no evidence to support osteoporosis
as a cause of postmenopausal ankle fracture. Diabetic
neuropathy may be a risk factor. Patients made a satisfac-
tory functional recovery, provided appropriate treatment was
given.
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