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Abstract

Background: Studies exploring risk factors for ankle fractures in adults are scarce, and with diverging conclusions.
This study aims to investigate whether overweight, obesity and osteoporosis may be identified as risk factors for
ankle fractures and ankle fracture subgroups according to the Danis-Weber (D-W) classification.

Methods: 108 patients ≥40 years with fracture of the lateral malleolus were included. Controls were 199 persons
without a previous fracture history. Bone mineral density of the hips and spine was measured by dual-energy x-ray
absorptiometry, and history of previous fracture, comorbidities, medication, physical activity, smoking habits, body
mass index and nutritional factors were registered.

Results: Higher body mass index with increments of 5 gave an adjusted odds ratio (OR) of 1.30 (95% confidence
interval (CI) 1.03–1.64) for ankle fracture, and an adjusted OR of 1.96 (CI 0.99–4.41) for sustaining a D-W type B or C
fracture compared to type A. Compared to patients with normal bone mineral density, the odds of ankle fracture in
patients with osteoporosis was 1.53, but the 95% CI was wide (0.79–2.98). Patients with osteoporosis had reduced
odds of sustaining a D-W fracture type B or C compared to type A (OR 0.18, CI 0.03–0.83).

Conclusions: Overweight increased the odds of ankle fractures and the odds of sustaining an ankle fracture with
possible syndesmosis disruption and instability (D-W fracture type B or C) compared to the stable and more distal
fibula fracture (D-W type A). Osteoporosis did not significantly increase the odds of ankle fractures, thus suffering an
ankle fracture does not automatically warrant further osteoporosis assessment.
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Background
Ankle fractures constitute approximately every tenth
fracture in adults [1, 2], and two thirds are a result of a
low-energy trauma (equivalent to a fall from standing
height or lower) [1]. A Swedish study of patients hospi-
talized due to ankle fractures from 1987 through 2004,
found an average annual incidence rate of 71 per
100,000 person-years, and increasing fracture incidence

over time in elderly women [3]. Ankle fractures are not
considered to be typical osteoporotic fractures, although
results from some studies do suggest otherwise [4, 5].
Compared to patients with typical osteoporotic frac-
tures (distal radius, hip and spine), patients sustaining
an ankle fracture are usually younger [6] and have a
higher body mass index (BMI) [7]. Several studies
have concluded that there is no association between
ankle fractures and low bone mineral density (BMD)
[8–12], while others have reported a lower BMD in
ankle fracture patients compared to controls as well
as alterations in bone quality [13, 14].
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It is a mechanically plausible presumption that osteo-
porosis could predispose to specific types of ankle frac-
tures. King et al. [15], concluded that osteoporosis or
osteopenia was not significantly associated with a greater
risk of a more proximal distal fibula fracture (D-W types
B and C), which can be instable because of possible syn-
desmosis disruption, and in most cases such fractures
require surgical intervention.
Large epidemiological studies have reported that high

BMI is positively correlated with increased BMD and re-
duced risk of fragility fractures in both men and women
[16, 17]. The generally accepted explanation for this is
that a larger body weight induces greater mechanical
loading on bone, with a consequent increase in BMD to
accommodate the greater load [18]. However, when the
mechanical loading effect caused by total bodyweight is
removed, both fat mass and fat percentage are negatively
correlated with bone mass [19–21], and obesity is no
longer considered protective against fracture [22]. Frac-
ture algorithms, such as FRAX®, may underestimate frac-
ture probability in individuals with obesity because of
their high BMI and subsequently higher relative BMD
compared to the reference population [23]. Knowing
that at least 50% of fractures occur in people with nor-
mal BMD or osteopenia [24], it is also important to
focus on BMD-independent clinical risk factors in order
to optimize fracture prevention. Especially fractures at
bone sites with a large proportion of cortical bone, such
as the ankle, are positively associated with obesity [25].
A plausible biomechanical explanation is that increased
weight generates greater force during a fall, twist, or
turn. The same forces may also contribute to increased
risk of a more complex injury.
Data have been conflicting regarding the role of sex.

Some studies report that men have increased risk of ankle
fracture compared to women [26, 27], while more recent
studies show a higher incidence among women [1, 3, 28,
29]. Smoking, alcohol consumption, degree of physical ac-
tivity and polypharmacy are other patient related risk fac-
tors for ankle fractures which have been investigated, with
variable conclusions [7–9, 13, 27, 30–33].
In this study we compared patients with acute ankle

fracture to controls without previous fractures, aiming
to investigate if overweight and/or osteoporosis in-
creased the odds of ankle fractures, and in particular of
instable distal fibula fracture, in adults.

Methods
Subjects
From March 1, 2012 until January 13, 2017, 108 con-
secutive patients over the age of 40 living in Sogn og
Fjordane County with acute ankle fracture and treated at
the Department of Orthopedic Surgery at Helse Førde
Hospital Trust were included in a case control study.

The study was primarily designed to explore the preva-
lence of celiac disease and positive transglutaminase 2 in
patients with peripheral fractures compared to
community-based controls never having sustained a
fracture. Fracture patients willing to participate were re-
ferred to the Department of Rheumatology. For the con-
trols, we were provided with lists of randomly selected
individuals from Sogn & Fjordane county in the follow-
ing age cathegories: 40–49 years, 50–59 years, 60–69
years, 70–79 years and 80 years or older by the Norwe-
gian Population Registry. In case of any fracture in their
past medical history (except fingers or toes), they were
not included as control subjects in the study. The ori-
ginal case control study has been described in detail pre-
viously [34]. The participation rate was 40.9% among
ankle fracture patients and 42.6% in the control group.
For the control group, the only exclusion criterion was
any previous fractures (except fingers and toes). The in-
cluded ankle fractures were uni- or bimalleolar, but all
had to involve the lateral malleolus. Trimalleolar ankle
fractures were not included because of an assumed like-
lihood of difference in trauma mechanism. We included
both patients with low energy fractures (equivalent to
fall from standing height or lower) and fractures due to
traumas with higher energy. All participants signed a
written informed consent form, and the study protocol
was approved by the Regional Committee for Medical
and Health Research Ethics (REC West).

Procedures and measurements
The BMD measurements were performed by DXA tech-
nology (Lunar Prodigy Rtg 5603, manufacture year 2000,
GE Healthcare), with a daily quality assurance of +/− 2%.
BMD was reported as g/cm2 and T-scores by standard
definition [35]. Osteoporosis is defined as T-score ≤ − 2.5
in the femoral neck, total hip or lumbar spine. Osteope-
nia (low bone mineral density) is defined as T-score be-
tween − 1.0 and − 2.5 [36]. The radiographic ankle series
comprised an anteroposterior, mortise (with the foot in
10 degrees internal rotation), and lateral radiographs.
One experienced radiologist (AL) classified the ankle
fractures as type A, B or C according to the Danis-
Weber classification (D-W) (Fig. 1). D-W type A frac-
tures occur below the level of the tibiofibular syndes-
mosis, leaving the syndesmosis and deltoid ligament
intact. Type B fractures occur at the level of the syndes-
mosis, and may include injury of the syndesmosis, mak-
ing the ankle joint unstable. Type C fractures occur
above the level of the syndesmosis, result in disruption
of the syndesmosis, and are defined as unstable. History
of previous fractures, comorbidities, medication, and
lifestyle factors were registered. Physical activity was
assessed using the short form of the International Phys-
ical Activity Questionnaire (IPAQ) [37], categorizing the
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level of physical activity into high, moderate or low. The
original documents from the orthopedic surgeons and
examining rheumatologist were reviewed to classify the
injury as due to a low energy trauma or not. Height and
weight were measured as part of the DXA procedure.
BMI was calculated and categorized into underweight
(BMI < 18.5), normal weight (BMI 18.5–24.99), over-
weight (BMI 25–29.99), and obesity (BMI ≥ 30), [38].
Blood tests were analyzed to detect common causes of
secondary osteoporosis [34]. Information about the
BMD measurement was given to the patient during a
consultation with one of the two rheumatologists in
charge of the study on the day of examination, and ap-
propriate treatment was either initiated or recommended
to the patient and the patient’s general practitioner.

Statistical analyses
We performed descriptive statistics for age, sex, height,
weight, BMI, osteoporosis, osteopenia, smoking, physical
activity quantified by the IPAQ score categories (HIGH:
physical activity level equate to approximately 1 h or

more of activity level of at least moderate intensity,
MODERATE: activity more than likely equivalent to half
an hour of at least moderate intensity on most days, and
LOW: not meeting the criteria for moderate or high
levels of physical activity), low energy trauma mech-
anism of injury (yes/no), 25-(OH) vitamin D levels
and polypharmacy (defined as using three or more
prescribed medications on a daily basis). Data for
fracture patients were compared with controls using
chi square or Fisher’s exact test for categorical data
and two-sample t-test or Mann-Whitney U test for
continuous data, as appropriate. To assess factors as-
sociated with fracture and Danis-Weber category, we
estimated odds ratios (ORs) with 95% confidence in-
tervals (CIs) using unconditional logistic regression
models. All p values were two-sided, and values <
0.05 were considered statistically significant. All calcu-
lations were performed using IBM® SPSS Statistics
Version 24, 2016 and R version 3.6.2 [39].

Results
Ankle fractures compared to controls
Overweight and BMI
In the ankle fracture group, 27.1% had a normal body
weight, 39.3% had overweight, and 33.6% had obesity as
compared to 38.8, 34.5 and 25.8% in the control group,
respectively. The fracture patients had a higher mean
body weight compared to controls (Table 1). Median
BMI was 28.1, compared to 26.2 in the control group
(p = 0.013) (Fig. 2). Higher body mass index with an in-
crement of 5 units was a significant risk factor for sus-
taining an ankle fracture (OR adjusted for age and sex
1.30 (95% CI 1.03–1.64)).

Bone mineral density
The prevalence of osteoporosis and osteopenia were
similar in the ankle fracture group and the controls
(22.4% vs 22.3 and 47.7% vs 51.7%, respectively) (Table
1). Median left hip total BMD was 0.931 g/cm2 in the
subjects with ankle fracture, compared to 0.957 g/cm2 in
the controls (Fig. 2A). Osteoporosis increased the odds
of ankle fracture (adjusted OR 1.53 (95% CI 0.79–2.98),
but the confidence interval was large (Table 3). We also
compared the ankle fracture patients with osteoporosis
to the fracture patients with normal BMD or osteopenia.
Patients with ankle fracture and osteoporosis had lower
BMI compared to patients with normal BMD/osteopenia
(BMI 25.8 (SD 4.03) vs. 29.5 (SD 4.94), p < 0.001)),
whereas there were no significant differences in gender,
smoking habits or high vs. low energy trauma mechan-
ism. In the ankle fracture patients with osteoporosis,
76.0% of the fractures were the result of a low energy
trauma, compared to 69.9% in the non-osteoporotic pa-
tients (p = 0.63).

Fig. 1 Illustration of the Danis-Weber classification of lateral
malleolus fractures. Graphic design by Eir Pétursdóttir. Type A:
fracture of the lateral malleolus distal to the syndesmosis (usually
stable). Type B: fracture of the fibula at the level of the syndesmosis
(variable stability). Type C: fracture of the fibula proximal to the
syndesmosis (unstable)
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Other characteristics
The ankle fractures were in 71.3% of the cases
caused by a low energy trauma (Table 1). The pa-
tients with ankle fractures were somewhat younger
than the controls, and a higher percentage were
men (p = 0.01). The 25- (OH) vitamin D levels were
similar in the ankle fracture group and the control
group, and the mean level were adequate. The pro-
portions using three or more daily prescribed medi-
cations and the level of physical activity as assessed
by the IPAQ were also similar between the two
groups. The prevalence of current smokers in the
ankle fracture group was somewhat higher com-
pared to the controls (Table 1).

Danis- weber type B and C compared to type a
Overweight and BMI
When examining the patients with ankle fractures D-W
type A, 47.0% had normal body weight, 35.3% were over-
weight, and 17.7% had obesity. The corresponding num-
bers for D-W type B were 25.4, 36.6 and 38.0%, and for
D-W type C 15.0, 45.0 and 40.0%, respectively. The pa-
tients with D-W type B and C had a higher mean body
weight compared to the group with D-W type A, and
overweight was more prevalent (p = 0.02) (Table 2). Me-
dian BMI in the D-W type A group was 25.3, compared
to 28.4 in the D-W type B and C group (p = 0.02) (Fig.
2). Higher body mass index with an increment of 5 units
associated with increased odds for ankle fracture (crude

Table 1 Ankle fractures compared to controls

Characteristics Ankle fractures compared to controls

Cases (n = 108) Controls
(n = 199)

P-value

Age

Age, mean (SDa) 57.1 (9.9) 60.4 (10.5) 0.02

≥ 65, n (%) 25 (23.1) 69 (34.7) 0.06

Sex

Male, n (%) 33 (30.8) 34 (17.3) 0.01

Female, n (%) 75 (69.2) 165 (82.7)

Bone Mineral Densityb (DXAc)

Osteoporosisd, n (%) 24 (22.4) 44 (22.3) 0.68

Osteopeniae, n (%) 52 (47.7) 103 (51.7)

Normal BMDf, n (%) 32 (29.9) 52 (26.0)

Height, weight, BMIg

Weight, kg, mean (SD) 81.9 (17.2) 75.7 (15.1) 0.00

Height, cm, mean (SD) 168.8 (8.3) 166.6 (8.9) 0.04

BMI≥ 25, n (%) 79 (73.2) 119 (60.1) 0.05

Smoking

Smoking, current n (%) 21 (18.7) 22 (11.2) 0.11

Smoking, previous, n (%) 39 (36.4) 81 (40.6)

Smoking, never, n (%) 48 (44.9) 96 (48.2)

IPAQ-scoreh

Highi, n (%) 16 (14.8) 18 (9.0) 0.18

Moderatej, n (%) 69 (63.9) 148 (74.4)

Lowk, n (%) 23 (21.3) 37 (18.6)

Low energy traumal, n (%) 77 (71.3)

25-(OH) Vitamin Dm, mean (SD) 69.3 (23.0) 68.3 (21.6) 0.67

Polypharmacy (> 3)n, n (%) 25 (23.1) 43 (21.6) 0.80
aStandard deviation, bBone Mineral Density, cDual energy X-ray absorptiometry of the hips and spine, lowest measured T-score used, d T-score ≤ −2,5 eT-score − 1.0
- -2.5, fT-score ≥ −1.0, gBody mass index, kg/m2, 13Defined as daily use of ≥3 prescribed medications, hThe International Physical Activity Questionnaire, iphysical
activity equal to approximately one hour of moderate intensity activity per day or more, jphysical activity equal to approximately half an hour of moderate
intensity activity on most days, kphysical activity lower than moderate IPAQ-score, lequivalent to fall from standing height or lower, m25-(OH) vitamin D as
measured in nmol/L, ndaily use of three or more prescribed medications
P-values by chi square or Fisher’s exact test for categorical data and two-sample t-test or Mann-Whitney U test for continuous data, as appropriate
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Fig. 2 Box plot of BMI (A) and left hip BMD (B) in ankle fractures, controls and Danis-Weber subgroups. A Median BMI with IQR: Ankle fractures
28.1 (24.9–31.5), controls 26.2 (23.5–30.1), D-W type A 25.3 (23.8–29.8), D-W type B + C 28.4 (25.5–32.1). B Median BMD with IQR: Ankle fractures
0.931(0.824–1.028), controls 0.957(0.849–1.047), D-W type A 0.877(0.825–1.032), D-W type B + C 0.932(0.825–1.032). Centre horizontal line of the
boxes represents the median. The boxes contain Q1 (25th Percentile) to Q3 (75th Percentile). IQR (Interquartile range) is the distance between Q1
and Q3. The bottom whiskers: less than Q1–1.5*IQR. The upper whiskers: greater than Q3 + 1.5*IQR
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OR 2.11 (95% CI 1.15–4.33), OR adjusted for age and
sex 1.96 (CI 0.99–4.41)).

Bone mineral density
There was a higher prevalence of osteoporosis in the D-
W A fracture group (47.1%) compared to the subjects
with D-W type B and C (18.7%) (p = 0.03) (Table 2). Me-
dian left hip total BMD was 0.877 g/cm2 in the D-W
type A cases, compared to 0.932 g/cm2 in D-W type B
and C subjects (p = 0.24) (Fig. 2). Ankle fracture patients
with osteoporosis had reduced odds of sustaining a D-W
fracture type B or C compared to type A (OR 0.18,
(0.03–0.83). A similar tendency, although less pro-
nounced, was seen in the case of osteopenia (adjusted
OR 0.39, (CI 0.07–1.71) (Table 3).

Other characteristics
Comparing D-W type A fractures with D-W type B and
C fractures, there was no difference in the proportion of
fractures caused by a low energy trauma. The mean age,
sex distribution, smoking status, physical activity level,
25-(OH) vitamin D and the proportion of patients using
three or more daily prescribed medications were similar
between the two groups (Table 2).

Discussion
In this study, we found that people with overweight or
obesity had increased odds of ankle fractures, compared
with normal weight people. The role of osteoporosis in
ankle fractures is less clear. Overweight increased the
odds of sustaining an ankle fracture with possible syn-
desmosis disruption and instability (D-W fracture type B

Table 2 Ankle fracture Danis-Weber Type A compared to Type B or C

Characteristics Danis-Weber classification (D-W)

D-W A (n = 17) D-W B or C (n = 91) P-value

Age

Age, mean (SD1) 57.0 (9.1) 57.5 (10.2)

≥ 65, n (%) 8 (47.1) 70 (76.9) 0.79

Sex

Male, n (%) 7 (41.2) 26 (28.6) 0.45

Female, n (%) 10 (58.8) 65 (71.4)

Bone Mineral Densityb (DXAc)

Osteoporosisd, n (%) 8 (47.1) 17 (18.7) 0.03

Osteopeniae, n (%) 6 (35.3) 35 (38.5)

Normal BMDf, n (%) 3 (17.6) 39 (42.8)

Height, weight, BMIg

Weight, kg, mean (SD) 75.7 (14.1) 83.1 (17.5) 0.13

Height, cm, mean (SD) 170.0 (7.6) 168.5 (8.5) 0.42

BMI≥ 25, n (%) 9 (52.9) 70 (76.9) 0.02

Smoking

Smoking, current n (%) 4 (23.5) 17 (18.7) 0.65

Smoking, previous, n (%) 7 (41.2) 32 (35.2)

Smoking, never, n (%) 6 (35.3) 42 (46.1)

IPAQ-scoreh

Highi, n (%) 4 (23.5) 12 (13.2) 0.39

Moderatej, n (%) 9 (52.9) 60 (66.0)

Lowk, n (%) 4 (23.5) 19 (20.1)

Low energy traumal, n (%) 12 (70.6) 65 (71.4) 1.0

25-(OH) vitamin Dm, mean (SD) 69.7 (22.2) 69.2 (23.3) 0.56

Polypharmacy (≥3)n, n (%) 3 (17.6) 22 (24.2) 0.76
aStandard deviation, bBone Mineral Density, cDual energy X-ray absorptiometry of the hips and spine, lowest measured T-score used, d T-score ≤ −2,5 eT-score − 1.0
- -2.5, fT-score ≥ −1.0, gBody mass index, kg/m2, 13Defined as daily use of ≥3 prescribed medications, hThe International Physical Activity Questionnaire, iphysical
activity equal to approximately one hour of moderate intensity activity per day or more, jphysical activity equal to approximately half an hour of moderate
intensity activity on most days, kphysical activity lower than moderate IPAQ-score, lequivalent to fall from standing height or lower, m25-(OH) vitamin D as
measured in nmol/L, ndaily use of three or more prescribed medications
P-values by chi square or Fisher’s exact test for categorical data and two-sample t-test or Mann-Whitney U test for continuous data, as appropriate
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or C) compared to the stable and more distal fibula frac-
ture (D-W type A), while osteoporosis seemed to have a
protective effect on D-W type B and C.
Obese individuals have an increased risk of falls. Intra-

muscular fat content is associated with poorer muscle
function and postural instability [40]. There may also be
impairment in the normal protective responses during a
fall, and a predisposition to fall sideways or backwards
[41]. Increased weight generates a greater force during a
fall or another sudden body movement, and subse-
quently, a greater probability of ankle fracture. And, al-
though BMD measured by DXA is higher in obesity, it
may not be sufficiently high to resist the greater forces
acting during the fall [40]. Furthermore, it may be specu-
lated that other factors promoting a falling tendency,
such as the use of alcohol or physical inactivity, may ac-
centuate the BMI effect. Lacombe et al., however, did
not find evidence for interactions between BMI and
physical activity for fracture risk [42]. How fat distribu-
tion and obesity impact bone health and fracture risk is
complex, and not fully understood.
Our study could not demonstrate a clear correlation

between osteoporosis or osteopenia and the odds of sus-
taining an ankle fracture. None of the classical risk fac-
tors of fractures strongly associated with osteoporosis,
such as increasing age, female sex, vitamin D deficiency,
and low BMI, could be identified as risk factors for ankle
fracture. This supports previous studies concluding that
ankle fractures cannot be considered classical osteopor-
otic fractures. Roux et al. [43] found that personal his-
tory of osteoporosis was less frequent (p < 0.001) for
ankle fragility fractures vs fragility fractures of the wrist
and at other sites.
We found that men had increased odds of ankle frac-

ture compared to women, and individuals under the age
of 65 seem to be at greater risk of sustaining an ankle
fracture compared to those ≥65 years of age. Our results
are in line with Roux et al. [43], who found that patients
with ankle fracture were significantly younger, more
likely to be male, and had higher BMI. Liu et al. [30]
found that alcohol consumption, living alone and sleep
time < 7 h a day were risk factors for ankle fracture, and

these factors did not differ between genders. We could
speculate that a higher alcohol consumption, especially
in younger age groups, as well as more outdoor activ-
ities, both sports [27, 31] and work related, are factors
that might contribute to a higher ankle fracture inci-
dence in men. Smoking is also related to other behav-
ioral factors (like alcohol and drug use) that may
increase the risk of injury. In our study, smoking was
not significantly associated with ankle fractures. Valtola
et al. looked at ankle fractures in perimenopausal
women (mean age 52.3), and found the use of ≥3 pre-
scribed drugs to be an independent predictor for malleo-
lar fracture (in addition to smoking, overweight and
previous fracture) [7]. In our study, the proportion of in-
dividuals with daily use of ≥3 prescribed drugs did not
differ between the ankle fracture patients and the
controls.
We found no association between the level of physical

activity, as assessed by the IPAQ, and risk of ankle frac-
tures. However, the relationship between physical activ-
ity and risk of fracture is complex and multifaceted,
especially when considering the individual fracture sites.
Physical activity may protect against falls through im-
proved balance, muscle strength and coordination. On
the other hand, participating in regular physical activity,
people are at an increased risk of falls that may lead to
injury [42].

Danis- weber types B and C compared to type a
To our knowledge, the only previous study addressing
the association between BMD measured by DXA and
the subgroups of ankle fractures according to the D-W
classification is by King and colleagues [15]. They inves-
tigated 280 patients ≥25 years with ankle fracture, and
concluded that osteoporosis/ osteopenia was not associ-
ated with increased complexity of the lateral malleolar
fracture, which is in concordance with our results. In
fact, we found that osteoporosis resulted in a higher
odds for Type A compared to Type B and C, patients
with osteoporosis had fewer instable lateral malleolar
fractures than those with osteopenia and normal BMD.
We are not aware of other clinical or biomechanical

Table 3 Odds of ankle fractures compared to controls, and of Danis- Weber types B and C compared to type A

Characteristics Ankle fractures (n = 108) compared to controls (n =
199)

Danis-Weber B and C (n = 91) compared to Danis-Weber A
(n = 17)

Crude OR (95% CI) Adjusteda OR (95% CI) Crude OR (95% CI) Adjusted1 OR (95% CI)

BMIb, per 5 unit change 1.29 (1.03–1.65) 1.30 (1.03–1.64) 2.11 (1.15–4.33) 1.96 (0.99–4.41)

Osteoporosisc 1.18 (0.64–2.16) 1.53 (0.79–2.98) 0.16 (0.03–0.64) 0.18 (0.03–0.83)

Osteopeniad 1.26 (0.74–2.15) 1.29 (0.74–2.27) 0.45 (0.09–1.83) 0.39 (0.07–1.71)
aAdjusted for age and sex, bBody mass index, kg/m2, cT-score ≤ − 2,5 dT-score − 1.0 - -2.5
ORs are estimated using multivariable logistic regression models. Whiskers represent 95% confidence intervals
Reference category for osteoporosis was no osteoporosis (osteopenia and normal bone mineral density). Reference category for osteopenia was normal bone
mineral density (T-score ≥ − 1.0)
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studies regarding ankle fractures describing similar re-
sults. This is an interesting finding. We might speculate,
that patients with osteoporosis, having reduced cortical
thickness in the metaphyseal area, could be more prone
to fracture closer to the metaphysis as opposed to more
proximally.
Patients with overweight in our study had greater odds

of having a type B or C fracture compared with type A,
as the study by King et al. also showed. This is mechan-
ically plausible, since high body weight adds to the force
in a fall or an ankle sprain, and therefore may lead to
more severe injury.

Strengths and limitations
The controls were from the same geographical area as
the patients, considered important since previous studies
from Norway have shown significant regional differences
in hip BMD [44]. The use of population based controls
instead of hospital-based, limits selection bias. All DXA
measurements were performed on the same machine by
the same experienced nurse in our osteoporosis clinic,
which decreases the risk of measurement variance. The
controls and the fracture patients were analyzed in the
same time period, minimizing the risk of measurement
drift and changes in laboratory methods. All patients
and controls had a consultation with one of two experi-
enced rheumatologists on the same day as the DXA ana-
lysis, where the extensive questionnaire was reviewed
and lacking information could be supplemented. Thus,
the information on known and potential confounding
factors is extensive.
The main study was not primarily designed to investi-

gate the aims of the current study, and power analysis
were not performed for these research questions. The
results primarily apply for our group of fracture patients
and controls, and precautions in generalizability should
be taken. Some of the patients and controls who chose
not to participate in the study may already have been di-
agnosed with osteoporosis, and therefore did not con-
sider the participation as meaningful. If this differed
between the fracture patients and the control group, this
may have been a source of selection bias. The prevalence
of osteoporosis in the study might, for the same reason,
be underestimated in both groups. However, this might
affect the inclusion rate of both fracture patients and
controls. Another possible selection bias is that fracture
patients were asked to participate face to face by a treat-
ing physician, whereas the controls were invited by letter
only. As in all case-control study designs, recall bias is a
concern in the collection of retrospective data, for ex-
ample life style factors and self-reported comorbidities.
We chose to combine the D-W B and C subgroups,

these fracture subtypes being at risk of instability be-
cause of syndesmosis disruption. However, these two

subgroups may differ in both the trauma mechanism re-
sponsible for the injury, and in patient characteristics.
There are few cases in the D-W type A fracture group,
and the study may consequently be underpowered re-
garding fracture subgroup comparison. We did not have
a sufficient number of fracture patients in order to in-
vestigate if the use of specific groups of prescribed medi-
cation were associated with increased fracture risk.

Conclusions
Having a BMI over 25 increased the odds of ankle frac-
tures in this case control study, while we cannot con-
clude with a similar association with osteoporosis and
ankle fractures. Overweight also increased the odds of a
D-W type B and C fracture compared to the stable and
less severe type A fracture of the distal fibula. Patients
with osteoporosis, however, had reduced odds of sus-
taining a D-W fracture type B or C compared to type A.
The association between overweight and ankle fracture
can most likely be explained by biomechanical factors,
but other factors increasing the fracture risk in this
population are also important to consider in a fracture
preventing approach. According to our results, ankle
fractures cannot be considered a classical osteoporotic
index fracture, and the occurrence of an ankle fracture
alone does not indicate a need for further osteoporosis
assessment.

Acknowledgements
Thank you to Eir Pétursdóttir for graphic design (Fig. 1).

Code availability
All calculations were performed using IBM® SPSS Statistics Version 24, 2016
and R version 3.6.2 [39].

Authors’ contributions
Concept and design: AMH and PM. Collection and assembly of data: AMH
and PM. Analysis: PM. Interpretation of data: AMH, EMA, JEG, EA, RMN, AL,
GST and PFM. Drafting of the manuscript: AMH. Critical revision and final
approval of the paper: all authors.

Funding
This research has received funding from the University of Bergen and the
Helse Førde Hospital Trust.

Availability of data and materials
Due to regulations from the Norwegian Data Inspectorate and according to
Norwegian personal protection laws, publication of the complete dataset is
not legal or appropriate. If authors/researchers wish to have access to the
dataset, this can still be achieved through direct contact with us.

Declarations

Ethics approval and consent to participate
All participants signed a written informed consent form, and the study
protocol was approved by the Regional Committee for Medical and Health
Research Ethics (REC West). All methods were carried out in accordance with
relevant guidelines and regulations.

Consent for publication
Not applicable.

Hjelle et al. BMC Musculoskeletal Disorders          (2021) 22:723 Page 8 of 10



Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Rheumatology, Division of Medicine, District General
Hospital of Førde, Førde, Norway. 2Department of Global Public Health and
Primary Care, University of Bergen, Bergen, Norway. 3Bergen group of
Epidemiology and Biomarkers in Rheumatic Disease (BeABird), Department of
Rheumatology, Haukeland University Hospital, Bergen, Norway. 4Department
of Orthopedic Surgery, Haukeland University Hospital, Bergen, Norway.
5Department of Clinical Medicine, University of Bergen, Bergen, Norway.
6Faculty of Health and Social Sciences, Western Norway University of Applied
Sciences, Bergen, Norway. 7Department of Radiology, District General
Hospital of Førde, Førde, Norway.

Received: 21 April 2021 Accepted: 5 August 2021

References
1. Juto H, Nilsson H, Morberg P. Epidemiology of adult ankle fractures: 1756

cases identified in Norrbotten County during 2009-2013 and classified
according to AO/OTA. BMC Musculoskelet Disord. 2018;19(1):441. https://doi.
org/10.1186/s12891-018-2326-x.

2. Court-Brown CM, Caesar B. Epidemiology of adult fractures: a review. Injury.
2006;37(8):691–7. https://doi.org/10.1016/j.injury.2006.04.130.

3. Thur CK, Edgren G, Jansson KÅ, Wretenberg P. Epidemiology of adult ankle
fractures in Sweden between 1987 and 2004: a population-based study of
91,410 Swedish inpatients. Acta Orthop. 2012;83(3):276–81. https://doi.org/1
0.3109/17453674.2012.672091.

4. Giannini S, et al. Ankle fractures in elderly patients. Aging Clin Exp Res. 2013;
25(Suppl 1):S77–9.

5. Lee KM, Chung CY, Kwon SS, Won SH, Lee SY, Chung MK, et al. Ankle
fractures have features of an osteoporotic fracture. Osteoporos Int. 2013;
24(11):2819–25. https://doi.org/10.1007/s00198-013-2394-6.

6. Hasselman CT, et al. Foot and ankle fractures in elderly white women.
Incidence and risk factors. J Bone Joint Surg Am. 2003;85-a(5):820–4.

7. Valtola A, Honkanen R, Kröger H, Tuppurainen M, Saarikoski S, Alhava E.
Lifestyle and other factors predict ankle fractures in perimenopausal
women: a population-based prospective cohort study. Bone. 2002;30(1):
238–42. https://doi.org/10.1016/S8756-3282(01)00649-4.

8. Seeley DG, Kelsey J, Jergas M, Nevitt MC. Predictors of ankle and foot
fractures in older women. The study of osteoporotic fractures research
group. J Bone Miner Res. 1996;11(9):1347–55. https://doi.org/10.1002/jbmr.
5650110920.

9. Greenfield DM, Eastell R. Risk factors for ankle fracture. Osteoporos Int. 2001;
12(2):97–103. https://doi.org/10.1007/s001980170140.

10. Seeley DG, Browner WS, Nevitt MC, Genant HK, Scott JC, Cummings SR.
Which fractures are associated with low appendicular bone mass in elderly
women? The study of osteoporotic fractures research group. Ann Intern
Med. 1991;115(11):837–42. https://doi.org/10.7326/0003-4819-115-11-837.

11. Stein EM, Liu XS, Nickolas TL, Cohen A, Thomas V, McMahon DJ, et al.
Abnormal microarchitecture and stiffness in postmenopausal women with
ankle fractures. J Clin Endocrinol Metab. 2011;96(7):2041–8. https://doi.org/1
0.1210/jc.2011-0309.

12. Lee DO, Kim JH, Yoo BC, Yoo JH. Is osteoporosis a risk factor for ankle
fracture?: comparison of bone mineral density between ankle fracture and
control groups. Osteoporos Sarcopenia. 2017;3(4):192–4. https://doi.org/10.1
016/j.afos.2017.11.005.

13. Biver E, Durosier C, Chevalley T, Herrmann FR, Ferrari S, Rizzoli R. Prior ankle
fractures in postmenopausal women are associated with low areal bone
mineral density and bone microstructure alterations. Osteoporos Int. 2015;
26(8):2147–55. https://doi.org/10.1007/s00198-015-3119-9.

14. Honkanen R, Kröger H, Tuppurainen M, Alhava E, Saarikoski S. Fractures and
low axial bone density in perimenopausal women. J Clin Epidemiol. 1995;
48(7):881–8. https://doi.org/10.1016/0895-4356(94)00220-K.

15. King CM, Hamilton GA, Cobb M, Carpenter D, Ford LA. Association between
ankle fractures and obesity. J Foot Ankle Surg. 2012;51(5):543–7. https://doi.
org/10.1053/j.jfas.2012.05.016.

16. Caffarelli C, Alessi C, Nuti R, Gonnelli S. Divergent effects of obesity on
fragility fractures. Clin Interv Aging. 2014;9:1629–36. https://doi.org/10.2147/
CIA.S64625.

17. Sogaard AJ, et al. Age and sex differences in body mass index as a
predictor of hip fracture: a NOREPOS study. Am J Epidemiol. 2016;184(7):
510–9. https://doi.org/10.1093/aje/kww011.

18. De Laet C, et al. Body mass index as a predictor of fracture risk: a meta-
analysis. Osteoporos Int. 2005;16(11):1330–8. https://doi.org/10.1007/s00198-
005-1863-y.

19. Zhao LJ, Jiang H, Papasian CJ, Maulik D, Drees B, Hamilton J, et al.
Correlation of obesity and osteoporosis: effect of fat mass on the
determination of osteoporosis. J Bone Miner Res. 2008;23(1):17–29. https://
doi.org/10.1359/jbmr.070813.

20. Hsu YH, Venners SA, Terwedow HA, Feng Y, Niu T, Li Z, et al. Relation of
body composition, fat mass, and serum lipids to osteoporotic fractures and
bone mineral density in Chinese men and women. Am J Clin Nutr. 2006;
83(1):146–54. https://doi.org/10.1093/ajcn/83.1.146.

21. Kim CJ, Oh KW, Rhee EJ, Kim KH, Jo SK, Jung CH, et al. Relationship
between body composition and bone mineral density (BMD) in
perimenopausal Korean women. Clin Endocrinol. 2009;71(1):18–26. https://
doi.org/10.1111/j.1365-2265.2008.03452.x.

22. Compston JE, Watts NB, Chapurlat R, Cooper C, Boonen S, Greenspan S,
et al. Obesity is not protective against fracture in postmenopausal women:
GLOW. Am J Med. 2011;124(11):1043–50. https://doi.org/10.1016/j.amjmed.2
011.06.013.

23. Premaor M, Parker RA, Cummings S, Ensrud K, Cauley JA, Lui LY, et al.
Predictive value of FRAX for fracture in obese older women. J Bone Miner
Res. 2013;28(1):188–95. https://doi.org/10.1002/jbmr.1729.

24. Iconaru L, Moreau M, Kinnard V, Baleanu F, Paesmans M, Karmali R, et al.
Does the prediction accuracy of osteoporotic fractures by BMD and clinical
risk factors vary with fracture site? JBMR Plus. 2019;3(12):e10238. https://doi.
org/10.1002/jbm4.10238.

25. Sundh D, Rudäng R, Zoulakis M, Nilsson AG, Darelid A, Lorentzon M. A high
amount of local adipose tissue is associated with high cortical porosity and
low bone material strength in older women. J Bone Miner Res. 2016;31(4):
749–57. https://doi.org/10.1002/jbmr.2747.

26. Court-Brown CM, McBirnie J, Wilson G. Adult ankle fractures--an increasing
problem? Acta Orthop Scand. 1998;69(1):43–7. https://doi.org/10.3109/17453
679809002355.

27. Daly PJ, Fitzgerald RH, Melton LJ, Llstrup DM. Epidemiology of ankle
fractures in Rochester, Minnesota. Acta Orthop Scand. 1987;58(5):539–44.
https://doi.org/10.3109/17453678709146395.

28. Elsoe R, Ostgaard SE, Larsen P. Population-based epidemiology of 9767 ankle
fractures. Foot Ankle Surg. 2018;24(1):34–9. https://doi.org/10.1016/j.fas.2016.11.002.

29. Koval KJ, Lurie J, Zhou W, Sparks MB, Cantu RV, Sporer SM, et al. Ankle
fractures in the elderly: what you get depends on where you live and who
you see. J Orthop Trauma. 2005;19(9):635–9. https://doi.org/10.1097/01.bot.
0000177105.53708.a9.

30. Liu S, Zhu Y, Chen W, Wang L, Zhang X, Zhang Y. Demographic and
socioeconomic factors influencing the incidence of ankle fractures, a
national population-based survey of 512187 individuals. Sci Rep. 2018;8(1):
10443. https://doi.org/10.1038/s41598-018-28722-1.

31. Jensen SL, Andresen BK, Mencke S, Nielsen PT. Epidemiology of ankle
fractures. A prospective population-based study of 212 cases in Aalborg,
Denmark. Acta Orthop Scand. 1998;69(1):48–50. https://doi.org/10.3109/174
53679809002356.

32. Jordan S, Lim L, Berecki-Gisolf J, Bain C, Seubsman SA, Sleigh A, et al. Body
mass index, physical activity, and fracture among young adults: longitudinal
results from the Thai cohort study. J Epidemiol. 2013;23(6):435–42. https://
doi.org/10.2188/jea.JE20120215.

33. Ivers RQ, Cumming RG, Mitchell P, Peduto AJ. Risk factors for fractures of
the wrist, shoulder and ankle: the Blue Mountains eye study. Osteoporos Int.
2002;13(6):513–8. https://doi.org/10.1007/s001980200063.

34. Hjelle AM, et al. Positive IgA against transglutaminase 2 in patients with
distal radius and ankle fractures compared to community-based controls.
Scand J Gastroenterol. 2018;53(10-11):1212–16.

35. Kanis JA, Melton LJ 3rd, Christiansen C, Johnston CC, Khaltaev N. The
diagnosis of osteoporosis. J Bone Miner Res. 1994;9(8):1137–41. https://doi.
org/10.1002/jbmr.5650090802.

36. Kanis JA. Diagnosis of osteoporosis and assessment of fracture risk. Lancet.
2002;359(9321):1929–36. https://doi.org/10.1016/S0140-6736(02)08761-5.

37. Craig CL, et al. International physical activity questionnaire: 12-country
reliability and validity. Med Sci Sports Exerc. 2003;35(8):1381–95. https://doi.
org/10.1249/01.MSS.0000078924.61453.FB.

Hjelle et al. BMC Musculoskeletal Disorders          (2021) 22:723 Page 9 of 10

https://doi.org/10.1186/s12891-018-2326-x
https://doi.org/10.1186/s12891-018-2326-x
https://doi.org/10.1016/j.injury.2006.04.130
https://doi.org/10.3109/17453674.2012.672091
https://doi.org/10.3109/17453674.2012.672091
https://doi.org/10.1007/s00198-013-2394-6
https://doi.org/10.1016/S8756-3282(01)00649-4
https://doi.org/10.1002/jbmr.5650110920
https://doi.org/10.1002/jbmr.5650110920
https://doi.org/10.1007/s001980170140
https://doi.org/10.7326/0003-4819-115-11-837
https://doi.org/10.1210/jc.2011-0309
https://doi.org/10.1210/jc.2011-0309
https://doi.org/10.1016/j.afos.2017.11.005
https://doi.org/10.1016/j.afos.2017.11.005
https://doi.org/10.1007/s00198-015-3119-9
https://doi.org/10.1016/0895-4356(94)00220-K
https://doi.org/10.1053/j.jfas.2012.05.016
https://doi.org/10.1053/j.jfas.2012.05.016
https://doi.org/10.2147/CIA.S64625
https://doi.org/10.2147/CIA.S64625
https://doi.org/10.1093/aje/kww011
https://doi.org/10.1007/s00198-005-1863-y
https://doi.org/10.1007/s00198-005-1863-y
https://doi.org/10.1359/jbmr.070813
https://doi.org/10.1359/jbmr.070813
https://doi.org/10.1093/ajcn/83.1.146
https://doi.org/10.1111/j.1365-2265.2008.03452.x
https://doi.org/10.1111/j.1365-2265.2008.03452.x
https://doi.org/10.1016/j.amjmed.2011.06.013
https://doi.org/10.1016/j.amjmed.2011.06.013
https://doi.org/10.1002/jbmr.1729
https://doi.org/10.1002/jbm4.10238
https://doi.org/10.1002/jbm4.10238
https://doi.org/10.1002/jbmr.2747
https://doi.org/10.3109/17453679809002355
https://doi.org/10.3109/17453679809002355
https://doi.org/10.3109/17453678709146395
https://doi.org/10.1016/j.fas.2016.11.002
https://doi.org/10.1097/01.bot.0000177105.53708.a9
https://doi.org/10.1097/01.bot.0000177105.53708.a9
https://doi.org/10.1038/s41598-018-28722-1
https://doi.org/10.3109/17453679809002356
https://doi.org/10.3109/17453679809002356
https://doi.org/10.2188/jea.JE20120215
https://doi.org/10.2188/jea.JE20120215
https://doi.org/10.1007/s001980200063
https://doi.org/10.1002/jbmr.5650090802
https://doi.org/10.1002/jbmr.5650090802
https://doi.org/10.1016/S0140-6736(02)08761-5
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB


38. WHO Consultation on Obesity. Obesity: preventing and managing the
global epidemic : report of a WHO consultation. Geneva: World Health
Organization; 1999, 2000. https://apps.who.int/iris/handle/10665/42330.

39. R Core Team. R: A language and environment for statistical computing. Vienna:
R Foundation for Statistical Computing; 2020. https://www.R-project.org/.

40. Walsh JS, Vilaca T. Obesity, type 2 diabetes and bone in adults. Calcif Tissue
Int. 2017;100(5):528–35. https://doi.org/10.1007/s00223-016-0229-0.

41. Ong T, Sahota O, Tan W, Marshall L. A United Kingdom perspective on the
relationship between body mass index (BMI) and bone health: a cross
sectional analysis of data from the Nottingham fracture liaison service. Bone.
2014;59:207–10. https://doi.org/10.1016/j.bone.2013.11.024.

42. Lacombe J, Cairns BJ, Green J, Reeves GK, Beral V, Armstrong MEG, et al. The
effects of age, adiposity, and physical activity on the risk of seven site-
specific fractures in postmenopausal women. J Bone Miner Res. 2016;31(8):
1559–68. https://doi.org/10.1002/jbmr.2826.

43. Roux S, Cabana F, Carrier N, Beaulieu MC, Boire G. Risk of subsequent
fragility fractures observed after low-trauma ankle fractures. Calcif Tissue Int.
2018;103(1):62–70. https://doi.org/10.1007/s00223-018-0393-5.

44. Omsland TK, Gjesdal CG, Emaus N, Tell GS, Meyer HE. Regional differences in
hip bone mineral density levels in Norway: the NOREPOS study. Osteoporos
Int. 2009;20(4):631–8. https://doi.org/10.1007/s00198-008-0699-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hjelle et al. BMC Musculoskeletal Disorders          (2021) 22:723 Page 10 of 10

https://www.apps.who.int/iris/handle/10665/42330
https://www.R-project.org/
https://doi.org/10.1007/s00223-016-0229-0
https://doi.org/10.1016/j.bone.2013.11.024
https://doi.org/10.1002/jbmr.2826
https://doi.org/10.1007/s00223-018-0393-5
https://doi.org/10.1007/s00198-008-0699-7

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Procedures and measurements
	Statistical analyses

	Results
	Ankle fractures compared to controls
	Overweight and BMI
	Bone mineral density
	Other characteristics

	Danis- weber type B and C compared to type a
	Overweight and BMI
	Bone mineral density
	Other characteristics


	Discussion
	Danis- weber types B and C compared to type a
	Strengths and limitations

	Conclusions
	Acknowledgements
	Code availability
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

