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Contra-lateral hip fracture in the elderly: are decreased body
mass index and skin thickness predictive factors?

Jean-Charles Aurégan'?> - Aurélien Frison' - Thierry Bégué' -

Didier Hannouche* - Catherine Bosser? - Morad Bensidhoum? -

Thierry Hoc?

3

Received: 8 June 2016 / Accepted: 25 July 2016 /Published online: 9 August 2016

© SICOT aisbl 2016

Abstract

Purpose A correlation between soft tissue thickness and oste-
oporosis has been suggested. We aimed to estimate if a low
body mass index (BMI) and/or a decrease of skin thickness
could estimate the risk of contra-lateral hip fracture.

Methods First, we performed a retrospective analysis of 1268
patients treated for a hip fracture. The 146 patients who had a
contra-lateral hip fractures—study group—were compared
with the 1078 patients who did not—control group. Four
BMI categories were considered: obese, overweight, normal
weight and low weight. Second, we enrolled prospectively
1000 consecutive patients in the emergency department.
History of fractures, BMI, and skin aspect on the dorsum of
both hands—-classified as severe decrease thickness, moderate
decrease thickness or normal—were recorded.

Results pt?>In the first part, we found that patients with contra-
lateral fractures had a significantly lower BMI than those in the
control group (22.2 Vs 26.5 kg/m?, p=0.01). In the second
part, 48 on 1000 patients had a hip fracture. Among them, six

P4 Jean-Charles Aurégan
aureganjc @yahoo.fr

Department of Orthopedic, Trauma and Reconstructive Surgery,
Antoine Béclere Hospital, AP-HP, Paris Sud University, 157 rue de la
Porte de Trivaux, 92140 Clamart, France

2 Laboratory of Tribology and System Dynamics (LTDS - UMR
CNRS 5513), Ecole Centrale Lyon, 36 avenue Guy de Collongues,
69134 Ecully, France

Laboratory of Bioengineering and Bioimaging for Bone and
Articulation (B20OA - UMR CNRS 7052), Paris-Diderot University,
10 avenue de Verdun, 75010 Paris, France

Department of Orthopedic Surgery and Traumatology, Lariboisiére
Hospital, AP-HP, Paris-Diderot University, 2 Rue Ambroise Paré,
75010 Paris, France

had a contra-lateral fracture. BMI was 23.4 kg/m? in bilateral
hip fractures, 33.68 kg/m? in the unilateral fracture group, and
28.04 kg/m? in the non-fracture group (p = 0.04). Finally, pa-
tients with contra-lateral hip fractures had a severe decrease
thickness of the skin.

Conclusion A low BMI and a decreased skin thickness in-
crease independently the risk of fractures by three times.
When associated, they increase the risk of fracture risk by five
times. This combination had a sensitivity at 71 % and a spec-
ificity at 90 % for predicting hip fracture.

Keywords Body mass index - Contra-lateral hip fracture -
Skin thickness - Soft tissue thickness

Introduction

A contra-lateral hip fracture occurs in a patient who had
previously sustained a hip fracture on the opposite side. It
is an emerging problem in industrialized countries be-
cause of the progressive aging of the population. In fact,
the incidence of contra-lateral hip fractures may be be-
tween 2 % at 18 months for the lowest estimation and
20 % at one year for the highest [1-6]. Given that the
annual incidence of hip fractures in Europe is estimated
around 250,000 per year, contra-lateral hip fractures could
represent 25,000 patients each year [3].

For a first hip fracture, several risk factors have been sug-
gested: gender, age, familial or personal history of fractures,
alcohol intake, tobacco use and medications such as glucocor-
ticoids for instance [7]. However, no risk factors that could
predict subsequent contra-lateral hip fracture have been iden-
tified so far. In fact, Michelotti et al. failed to find a correlation
between the anatomical aspect of proximal femur and a sub-
sequent contra-lateral hip fracture [8]. Finally, bone mineral
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density (BMD) has been used to select the patients who were
believed to have a higher risk of contra-lateral hip fracture [9].
However, the feasibility of a dual X-ray absorptiometry
(DXA) remains questionable when the patient has a hip frac-
ture that is not surgically fixed yet. Therefore, improving the
estimation of the risk of contra-lateral hip fracture is still need-
ed in order to select the patients at greater risk.

For some authors, obesity could provide a protection
against fractures. However, the mechanisms for such an ob-
servation remain poorly understood. The different hypotheses
include the role of adipose tissue in producing oestrogen, the
role of the weight in increasing the mechanical stimulation of
the bones and the bone remodeling, and the role of the thick-
ness of the soft tissues around the hip that could cushion the
hip in case of a fall. On the another hand, a low weight may be
an indicator of debilitated health, which is a risk factor for falls
and fractures. In fact, the decreased protection for hip fracture
due to the decrease of soft tissue thickness may be related to a
chronological alteration of several tissues that may overlap
[10]. For all these reasons, measurement of skin and soft tissue
thicknesses have been proposed as a method of predicting low
bone BMD and the subsequent risk of osteoporotic fracture in
post-menopausal women [11-17].

Therefore, we hypothesized that low BMI, soft tissue thick-
ness and skin thickness could be correlated with a higher risk
of contra-lateral hip fracture. To test that hypothesis, we de-
signed a sequential study 1) first, we analyzed retrospectively
all the patients hospitalized in our department between
January 2008 and December 2013 for an osteoporotic hip
fracture and compared those with a unilateral hip fracture to
those with a contra-lateral one; 2) then, we enrolled prospec-
tively 1000 consecutive patients from the emergency depart-
ment and compared their history of fracture to BMI, the soft
tissue thickness and skin thickness.

Material and methods
General setting

We conducted a sequential study. The first part of the study
was a retrospective analysis of all the patients treated in our
department for a unilateral hip fracture between January 2008
and December 2013. The second part of the study was a pro-
spective study on consecutive 1000 patients who attended the
emergency department since January 2014.

Retrospective analysis (contra-lateral hip fracture
and BMI)

The first part of the study was a retrospective analysis of all the

patients treated in our department for a unilateral hip fracture
between January 2008 and December 2013. Inclusion criteria
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were every patient older than 50 years who sustained a hip
fracture from a simple fall from his height. Exclusion criteria
were a patient with a suspicion of pathologic fracture (history
of neoplasia or radiographic aspect compatible with a neoplas-
tic fracture) or with medical history and/or medications and/or
habits competing with bone metabolism (theumatoid arthritis,
long-term corticotherapy, tobacco use, alcohol intake >3
units/day) [18].

With these criteria, 1268 patients were included in the
study. Among them, 146 patients (11.5 %) presented bilateral
hip fractures: 54 patients had already had a previous contra-
lateral hip fracture before the actual fracture occurring be-
tween January 2008 and December 2013, and 88 patients
had both fractures during the inclusion dates. The mean age
of these patients was 81.1 years (range, 65-96 years) and
74.7 % of them were female while 25.3 % were male. The
mean time elapsed between the two fractures was 3.8 years
(range, 1-203 months). Approximately 14 % of the contra-
lateral fractures occurred in the first year after the first fracture
and 35 % in the two years following the first fracture.

Finally, the 146 patients who had bilateral fractures—study
group—were compared with the 1078 patients who did not
have bilateral fractures—control group. Weight and height
were obtained from the medical charts and BMI was obtained
by dividing weight (in kilograms) by squared height (in me-
ters®). All the patients were classified in four categories of
BMI: obese (BMI> 30 kg/m?); overweight (BMI between
25-30 kg/m?); normal weight (BMI between 18.5-25 kg/m’);
and low weight (BMI <18.5 kg/m?).

Prospective analysis (BMI, soft tissue, skin, and fractures)

The second part of the study was a prospective study on every
patient admitted in the emergency department for a trauma
related to a fall from a height since January 2014. The inclu-
sion and exclusion criteria were the same as that for the retro-
spective study.

We decided to include the first 1000 patients who met the
inclusion/exclusion criteria. Then, the patients were matched
with the patients of the first part of the study for age—within a
five years range—and gender. Then, we recorded the medical
history of each patient based on the patients’ declarations and/
or from patients’ medical charts concerning all the fractures
they sustained.

Then, the BMI of these patients was evaluated and we
recorded whether these patients were hospitalized for hip frac-
tures or had a previous hip fracture. Concomitantly, skin thick-
ness of the included patients was assessed. A picture of the
skin on the dorsum of the hand was taken for every patient.
From this picture, the skin aspect was classified as severe
decrease thickness, moderate decrease thickness, or normal.
For the 30 first patients, the skin thickness was also assessed
using a pachymeter as previously described [11]. From these
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first 30 patients, we correlated the classification derived from
the picture to the actual measure of skin thickness. Then, we
determined the inter-observer variability—accuracy—and the
intra-observer variability—reliability—done by ten different
examiners during three different sessions. We found that the
skin thickness score was as reliable as the pachymeter tech-
nique. The assessment of skin thickness from the picture of the
skin of the dorsum of the hand was therefore considered as
sufficiently reproducible to be included as a measure (Fig 1, 2
and 3).

Statistical analysis

Data were analyzed with tables, graphs, and descriptive statis-
tics. Chi-square test was used to research any significant as-
sociation among the qualitative variables between the study
group and the control group. Student’s t test was used to com-
pare quantitative variables as mean age, height, weight, and
BMI between the study group and the control group. The
significance level taken was 5 %. Finally, we analyzed these
variables as risks factors for a subsequent contra-lateral hip
fracture with multivariate and logistic regression analyses.

Ethical statement

This study has been approved by our ethics committee and has
therefore been performed in accordance with the ethical stan-
dards laid down in the 1964 Declaration of Helsinki and its
later amendments.

Results

Retrospective analysis (contra-lateral hip fracture
and BMI)

We found that patients in the contra-lateral hip fracture group
had a significantly lower BMI than those in the control group

Fig. 1 Picture of a normal skin of the dorsum of the hand. Measurement
of thickness by a pachymeter = 1.8 mm

Fig. 2 Picture of a moderate decrease of thickness of the skin of the
dorsum of the hand. Measurement of thickness by a pachymeter =
1.3 mm

(22.2 Vs 26.5 kg/m?*, p=0.01). In fact, 15 % of the patients in
the contra-lateral hip fracture group had a low weight, 62 %
had a normal weight, 22 % were overweight, and 1 % were
obese. On the contrary, only 3 % of the patients in the control
group had a low weight, 54 % had a normal weight, 34 % were

Fig.3 Picture of a severe decrease of thickness of the skin of the dorsum
of the hand. Measurement of thickness by a pachymeter = 0.9 mm
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overweight, and 9 % were obese. Furthermore, we found that
the difference was greater for weight than for height between
the two groups. In fact, we found that the patients in the
contra-lateral hip fracture group had a significantly lighter
weight than those in the control group (respectively 65 kg,
range 54-92 Vs 79 kg, range 64—128, p=0.02). However,
the difference was less important for height (mean 1.72 m,
range 1.58-1.86, versus 1.73 m, range 1.61-1.85, p=0.21).
Finally, we found no significant differences in terms of age
and gender between the two groups.

Prospective analysis (BMI, soft tissue, skin, and fractures)

Among the 1000 patients included in the prospective part of the
study, mean age was 80,2 (64-95) years, 73.2 % of them were
female while 26.8 % were male, and mean BMI was 30 (23—
41) kg/m”. One hundred and thirty two patients had a previous
fracture: 48 patients had a previous hip fracture and 84 patients
had another type of fractures (radius, proximal humerus, pubic
pelvic bone, etc.). Among the 48 patients who had a hip frac-
tures, six had had a contra-lateral hip fracture.

Among the 1000 patients included in the study, 39 % were
obese (BMI >30 kg/m?2). The fracture prevalence among the
obese patients was 1.12 % versus 2.07 % in the non-obese
patients. The prevalence of obesity among the patients with
fractures was 20.3 % versus 40.73 % among the patients with-
out any fracture. Among the patients that presented at least one
hip fracture, the BMI was 33.68 kg/m? among the patients with
only one hip fracture and 23.4 kg/m? among the patients with
contra-lateral hip fractures. For instance, BMI was 28.04 kg/m’
among the patients who did not have any fracture (p =0.04).
Among the patients who did not have any fracture, 4 % had a
low weight, 72 % a normal weight, 15 % were overweight, and
9 % were obese. Among the 48 patients who had a hip fracture,
14 (29 %) had a low weight, 24 (50 %) a normal weight, eight
(17 %) were overweight, and two (4 %) were obese. Among
the six patients who had a contra-lateral hip fractures, four had
low weight and two had a normal weight.

Among the patients without any fracture, 3 % had a severe
decrease thickness on the dorsum of the hand, 12 % a moder-
ate decrease thickness, and 85 % a normal thickness. Among
the 48 patients who had a hip fracture, 16 (33 %) had a severe
decrease thickness on the dorsum of the hand, 18 (29 %) a
moderate decrease thickness, and 14 (28 %) a normal thick-
ness. All six patients with a contra-lateral hip fracture had a
severe decrease thickness of the skin.

Finally, we found a significant correlation between low
skin thickness and low BMI (p <0.01). Both low BMI and
decrease of skin thickness were found to increase the risk of
hip fracture by three times. Moreover, when a low BMI and a
severe decrease of skin thickness were associated, the risk of
hip fracture was increased by five times. This combination of
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risk factors showed sensitivity of 71 % and specificity of 90 %
for hip fracture.

Discussion

A contra-lateral hip fracture occurs in a patient who had pre-
viously sustained a hip fracture on the opposite side. It is an
emerging problem in industrialized countries because of the
progressive aging of the population. For some authors, low
BMLI, soft tissue thickness and skin thickness could be corre-
lated with a higher risk of contra-lateral hip fracture. Our study
confirmed the importance of contra-lateral hip fractures be-
cause we found that its overall incidence was 11.5 %.
Furthermore, a multivariate analysis of several clinical factors
found that a BMI <22 kg/m2 was a statistically significant
risk factor for contra-lateral hip fractures. To the best of our
knowledge, only one other study analyzed BMI as a risk factor
for the contra-lateral hip fracture but in a Korean population.
In fact, Haeng Lee et al. studied the incidence of contra-lateral
hip fractures in Korea and found that 233 of 2546 patients
(9.2 %) had a contra-lateral hip fracture. Furthermore, they
found that the risk factor of the subsequent contra-lateral hip
fracture was a low BML

It is well known that body weight is influenced by many
factors such as nutritional, hormonal, and environmental for in-
stance. However, BMI has been related only recently to bone
mineral density: an increased body weight and/or BMI could
be correlated with an increased BMD [19]. On the other hand,
low body weight and/or BMI may be correlated with a higher risk
of hip fracture. The exact explanation of this association is un-
known and some suggested a mechanical effect of the soft tissues
during a traumatic impact. In fact, Tang and al. suggested that
individuals with a greater fat mass may benefit from cushioning
of their hip by adipose tissue, which could reduce the impact
forces when they fall [20]. Furthermore, a decrease of trochanter-
ic soft tissue thickness may be correlated to an increased risk of
hip fracture. In fact, Bouxsein et al. assessed 63 postmenopausal
women from the OFELY cohort (21 hip fractures and 42 con-
trols) and they found that the patients with a decrease of trochan-
teric soft tissue thickness had more hip fractures [21].

Because both skin and bone are mainly comprised of type 1
collagen, some authors suggested that a decrease thickness of
the skin—both the dermal and subcutis parts—could be cor-
related with osteoporosis. In fact, Patel et al. reported that
patients with osteoporotic fractures had a reduced skin thick-
ness when measured by ultrasound. Hence, they suggested
that skin thickness could help in discriminating patients at
higher risk for osteoporotic hip fracture [13]. In another study
Yoneda et al. found that osteoporosis is inversely related to the
thickness of the skin on the back of the hands [11]. Our study
confirms this phenomenon, even if the evaluation, based on a
visual scale analysis of the thickness of the skin, was simple.
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On the other hand, Black et al. assessed the effect of
stretching of the skin on its collagen content and its thickness
in a group of patients with chronic obesity [22]. They found
that despite an increase of skin surface in obesity, the thickness
of the skin and the content of collagen were maintained. They
concluded that skin stretching secondary to a prolonged obe-
sity leads to a collagen hypertrophy that maintains skin thick-
ness [22]. Finally, BMI and skin thickness measurements
might be considered as a non-invasive method of evaluating
risk of a contra-lateral fracture in osteoporotic patients, and
may help to identify cases requiring preventive treatment on
the contra-lateral side [11].

We acknowledge several limitations to our study. First, the
clinical assessment of skin thickness was performed with a
visual scale analysis. Other methods have been used such as
the Rodnan score obtained by clinical palpation, a pachymeter
or an echography. Second, despite a large number of patients
included in the retrospective or prospective parts of our study,
only a few contra-lateral hip fractures occurred during the
period of observation. Third, we assessed only two risk factors
of hip fractures in our study, which reduces the influence of
random variation but does not take into consideration other
risk factors such as gender, age, etc. Fourth, we identified BMI
as arisk factor of contra-lateral hip factor but we were not able
to precisely determine if it was the BMI or the weight loss
secondary to the first fracture that was a risk factor of the
contra-lateral fracture. In fact, the relationship between the
loss of weight and the risk of hip fracture remains unknown.
However, according to the association between decrease of
skin thickness and decrease of BMI in patients with fractures,
the loss of weight may be the main risk factor for contra-lateral
hip fracture. In fact, a low BMI without decrease of skin
thickness is not a real risk of fracture and an increase of weight
could lower the risk of contra-lateral hip fracture. However,
we did not have enough data to conclude on these points, even
if we found a trend that skin thickness could be a better pre-
dictive tool than BMI for contra-lateral hip fracture.

In conclusion, this study assessed both BMI and skin thick-
ness as risk factors for hip fractures in general, and contra-
lateral hip fracture in particular. We confirmed their hip frac-
ture predictive ability. These findings support the use of BMI
and skin thickness as screening tools in a population with a
first hip fracture in order to identify the patients with a higher
risk of contra-lateral hip fracture. When combined, these two
risk factors seem to identify even more precisely women at
risk for contra-lateral hip fracture. This screening process
could concentrate prevention on patients with a higher risk.
This could lower prevention treatment costs and side effects of
unnecessary prevention.
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