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Abstract

Introduction The association between body mass index (BMI) and functional outcomes is unknown in elderly individuals
with distal radius fracture (DRF).

Objective The aim of this study is to evaluate if there is association between BMI and functional outcomes in patients older
than 60 years with DRF treated conservatively.

Materials and Methods A prospective observational study was performed. A total of 228 patients with extra-articular DRF
were prospectively recruited. All patients were categorized by their BMI as normal, overweight, or obese. Functional out-
comes were assessed after cast removal and at 1-year follow-up. The Disabilities of the Arm, Shoulder and Hand Outcome
Measure (DASH), and Patient-Rated Wrist Evaluation (PRWE) questionnaires were used to assess upper limb and wrist/
hand function, respectively, while the Jamar Dynamometer was used to assess grip strength.

Results Of the total number of patients, 184 were female (80.7%), 87 were overweight (38.2%), and 111 were obese (48.7%).
After cast removal, the correlations between BMI and functional outcomes were DASH 0.06 (p=0.578), PRWE 0.04
(»=0.692), and grip strength — 0.02 (p=0.763). At 1-year follow-up, the correlations were DASH 0.55 (p=0.036), PRWE
0.32 (p=0.041), and grip strength — 0.21 (p =0.043).

Conclusion This study suggests that at 1-year follow-up, there was a low-to-moderate association between BMI and poor
functional outcomes in elderly patients with extra-articular DRF treated conservatively.

Level of Evidence Level IV, observational prospective study.
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Introduction Materials and Methods
Distal radius fracture (DRF) is one of the most common  Study Design

musculoskeletal injuries, representing 15-20% of all frac-
tures treated by the emergency services [1]. DRFs have a
bimodal distribution; the first peak is observed in pediat-
ric patients, and the second peak is seen in patients aged
60 years and older [2]. In the latter age group, it is the sec-
ond most common type of fracture, after hip fractures[3],
and these fractures frequently result from low-energy
trauma [4].

To select optimal therapeutic and preventive interven-
tions, orthopaedic surgeons and physiotherapists should
know the risk factors and prognostic factors of functional
outcomes in patients with DRF. Older age, female gender,
poor bone healing or an associated fracture of the ulnar
styloid, a compensated workplace injury, lower socioeco-
nomic status and level of education all contribute to poor
clinical outcomes [2].

However, few studies have investigated the relation-
ship between obesity and DRF severity following low-
energy trauma [5, 6], even though obese patients have a
48% increased risk of trauma (including minor injuries
and fractures). Obesity is associated with an increase in
injuries to the upper limbs resulting from falls [7]. Addi-
tionally, up to 28% of women under 75 years of age with
fractures resulting from a low energy mechanism are obese
[8], and obesity is associated with an increase in the rate
of falls from 24 to 92% [9].

The American Academy of Orthopedic Surgeons has
provided some recommendations but they do not identify
body composition or obesity in their algorithm for the
treatment of DRFs [10]. Despite addressing many issues
surrounding the treatment of DRF, the guidelines make
no mention of the role that obesity might play in the ini-
tial evaluation of functional outcomes. To our knowledge,
there are no studies that have evaluated functional out-
comes in relation to BMI in elderly patients with DRF
treated conservatively. We hypothesized that there is an
association between BMI and functional outcomes in
elderly patients with DRF treated conservatively.

Therefore, the aim of this study is to evaluate if there
is an association between BMI and functional out-
comes in patients older than 60 years with DRF treated
conservatively.

@ Springer

This research is a prospective observational study based
on a quantitative approach and was approved by the IRB
of the authors’ affiliated institutions. The Ethics Commit-
tee of the Central Metropolitan Health Service of Chile
approved the study protocol on 10 January 2011, with reg-
istration number 0187. All patients’ respondents received
an anonymous written informed consent included and
this report does not contain any personal information that
could lead to their identification.

Setting

Between January 2012 and March 2019, 228 patients over
60 years of age with an extra-articular DRF were recruited
prospectively at the Clinical Hospital San Borja Arriaran.
An orthopaedic surgeon, based on the clinical presentation
and radiologic studies performed the diagnosis.

Participants

All patients were treated with closed reduction and plaster
cast immobilization for 67 weeks, and a three-point index
was used to assess the displacement of the DRF [11]. After
cast removal, all patients were prescribed acetaminophen
(500 mg, every 8 h, for 7 days). Conversely, patients were
excluded if they (1) presented immediate complications
after cast removal, such as complex regional pain syndrome
type I, or carpal tunnel syndrome; (2) treated with surgical
interventions such as reduction with percutaneous Kirschner
wires fixation, or open reduction and internal fixation with
volar or dorsal plates; or (3) uncontrolled nutritional and
metabolic diseases.

Interventions

All patients were treated with a supervised physiotherapy
program, consisting of hydrotherapy, manual therapy and an
exercise program based on motor skill training. The program
consisted of 12 sessions, 2-3 times per week and approxi-
mately 1-h long session [12].

Variables

After cast removal, each patient underwent a radiological
evaluation to assess the results of the orthopedic reduction.
According to Kreder’s standardized technique [13], the
orthopedic surgeon measured the following radiological
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parameters: radial inclination (normal: 21-25°), radial
height (normal: 10—13 mm), volar tilt (normal: 7-15°), and
ulnar variance (normal: 0.7—-1.5 mm).

Body composition: weight was measured with the patient
barefoot and in light clothing, while height was measured
using a wall stadiometer, with the patient barefoot and
upright and with the sagittal midline touching the backboard.
BMI was calculated as weight in kg divided by the square of
the height in meters (kg/m?). BMI was stratified into normal
weight (18.5 <BMI 24.9), overweight (25 <BMI<29.9),
and obesity (BMI>30) [14].

Functional assessments were performed after cast
removal and at the 1-year follow-up. The primary outcome
measured was the Disabilities of the Arm, Shoulder and
Hand Outcome (DASH), this questionnaire was used to
assess the upper limb function, scores range from 0 to 100
points, with higher scores indicating a worse condition [15].
The secondary outcome measures were the Patient-Rated
Wrist Evaluation (PRWE), this questionnaire was used to
assess the wrist/hand function, scores range from 0 to 100
points, with higher scores indicating a worse condition [16].
A Jamar Dynamometer was used to assess the grip strength.
The participants were evaluated while seated, with their arm
placed to the side of the body; they had their shoulders in
neutral position, the elbow flexed to 90°, and the forearm in
neutral rotation. Then patients were verbally instructed to
make tight fists with all their strength to hold that position
for 4 s with their hands and then rest for 30 s on each set.
First, the unaffected side was evaluated and after that, the
affected side was evaluated. In both cases, the highest value
obtained from three attempts was recorded. An adjustment
of 6% between the force of the dominant and nondominant
sides was made. The final result was expressed as a per-
centage relative to the unaffected side [17]. These patients
reported outcome measures have shown good validity, reli-
ability, and responsiveness in the assessment of patients with
DREF [18]. Physiotherapists not associated with the research
team to blind the results performed the assessments.

Statistical Analysis

The sample size was calculated with the correlation point bi-
serial model and ““a priori” method was used with an effect
size of 0.2 with a value of =0.05, and a statistical power
of 90%, a minimum of 207 patients is needed. This mini-
mal sample size estimate was increased by 10%, taking into
consideration the potential dropouts, giving a total of 227
patients. The sample size was determined using the G-Power
software, version 3.1.

Statistical analysis was performed using Stata 13.0
software. Continuous variables are presented as mean and
standard deviation, and the categorical variables as num-
ber and percentage. The Spearman’s coefficient was used

Table 1 Baseline characteristics of patients older than 60 years of age
with extra-articular DRF

Characteristics Patients
with DRF
(n=228)
Gender female, number (%) 184 (80.7)
Age (years), mean (SD) 68.8 (5.2)
Immobilization time (weeks), mean (SD) 6.4 (0.8)
Fracture dominant hand, number (%) 159 (70)
Height (m), mean (SD) 1.5 (0.8)
Weight (kg), mean (SD) 72.6 (5.3)
BMI (kg/m?), mean (SD) 30.1(5.4)
Type of DRF according to AO classification, number
(%)
Al 24 (10.5)
A2 44 (19.3)
A3 160 (70.2)
Radial inclination angle (°), mean (SD) 8.9 (3.9
Radial height (mm), mean (SD) 1.8 (1.2)
Volar tilt (degrees), mean (SD) 1.2(4.2)
Ulnar variance (mm), mean (SD) 1.3 (0.5)

DRF distal radius fracture, SD standard deviation, BMI body mass
index

Table2 Association between BMI and functional outcomes in
patients older than 60 years of age with extra-articular DRF

Outcomes Correlation coef-  p value
ficient
DASH initial (0100 points) 0.06 0.578
DASH at 1 year (0-100 points) 0.55 0.036
PRWE initial (0-100 points) 0.04 0.692
PRWE at 1 year (0—100 points) 0.32 0.041
Grip strength initial (%) -0.02 0.763
Grip strength at 1 year (%) -0.21 0.043

DASH disabilities of the arm, shoulder and hand, PRWE patient-rated
wrist evaluation

to determine the correlation between BMI and functional
outcomes evaluated using the DASH and PRWE question-
naires, and grip strength with a Jamar dynamometer. Finally,
the level of correlation was considered as follows: negligible
(0-0.2), low (0.2-0.5), moderate (0.5-0.7), high (0.7-0.9),
and very high (0.9-1) [19].

Results
The baseline information characteristics of the study group
are shown in Table 1. A total of 228 patients were included,

of which 184 were female (80.7%), with a mean age of
68.8 years and standard deviation (SD) of 5.2. The mean
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height of the included patients was 1.5 m (SD=0.8), and
the mean weight was 68.6 kg (SD =5.3), corresponding to
a BMI of 30.1 kg/m? (SD =5.4). When stratified by BMI,
30 patients (13.1%) were classified as normal weight, 87
(38.2%) were overweight, and 111 (48.7%) were obese.
The results of the functional evaluations are shown in
Table 2. Immediately after cast removal, we did not observe
a direct correlation between BMI and the functional out-
come measures (p > 0.05). At the 1-year follow-up, BMI
was positively correlated with DASH 0.55 and PRWE 0.32.
Furthermore, higher BMI was correlated with lower grip
strength — 0.21; these Spearman’s correlation coefficient
values indicate low-to-moderate correlation between BMI
and functional outcomes, and the p values were below 0.05,
indicating that the relationships were statistically significant.

Discussion
Main Findings of the Present Study

The present observational prospective study evaluates if
there is an association between BMI and functional out-
comes in patients older than 60 years with DRF treated con-
servatively with closed reduction and cast immobilization.
In the present study, a bivariate analysis of patients stratified
into normal weight, overweight, and obese demonstrated that
there was a low-to-moderate association between obesity
and poor functional outcomes in these patients at 1-year
follow-up.

Comparison with Other Studies

Obesity is increasing worldwide, with various subsequent
health problems, but it is not only reflected by metabolic
diseases, but also by orthopedic problems such as fractures
[6, 20]. Despite this, the relationship between overweight
and risk of fracture is unclear. Some studies showed that
an increase in body weight and bone mass reduces the risk
of fracture [21, 22]. Conversely, other studies showed that
obesity may increase the rate of musculoskeletal injuries
and long-bone fractures, particularly among postmenopausal
women [23, 24]. Additionally, the evidence is also unclear
on whether obesity is associated with the severity of DRFs
[5, 6, 25].

Regarding the association between BMI and functional
outcomes after DRF, the following retrospective stud-
ies have provided findings in patients with DRF that are
treated surgically. One study showed that both obese and
non-obese patients have excellent functional outcomes after
surgical treatment with volar plate fixation, without differ-
ences between groups at the 3-month and 1-year follow-up
[26]. Another study showed that overweight patients may
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experience less function and disability after DRF, but this
difference is not statistically significant [25]. The last study
showed that normal and obese patients with DRF treated
with volar plate fixation have no significant differences in
functional outcomes at 7 years of follow-up [27]. However,
there is no evidence of prospective studies that have assessed
the relationship between BMI and functional outcomes in
elderly patients with DRF treated conservatively.

Implication and Explanation of Findings

Regarding our findings, we hypothesized that the positive
association between BMI and DASH questionnaire could
be explained; as obese women use their upper extremi-
ties more extensively to facilitate standing from a seated
position, we think that upper limb function could be more
affected than in women with normal weight. Another expla-
nation may be attributable to differences in baseline activ-
ity that may influence the perception of disability. Some
studies in arthroplasty patients showed that obese do not
reach the same functional outcomes as their non-obese [28,
29]. These patients may have a greater fall risk due to their
decreased mobility and muscle strength [11]. Studies in geri-
atric patients further support these findings, showing that
obese patients report worse functional outcomes and greater
disability [30, 31]. Overall, obese patients may have a lower
functional baseline that could bias their self-reported dis-
ability and could explain the observed differences in the cor-
relation coefficient value of the DASH questionnaire at the
1-year follow-up. These findings reinforce the need for phy-
sicians and physiotherapists to identify subjects with high
BMI and promote behaviors to minimize the adverse health
consequences, just as they could be the functional limita-
tions related to DRF. Regarding the relationship between
BMI and handgrip strength, according to our findings, some
studies [32-34] have reported a negative association between
increased BMI and decrease handgrip strength. This could
be explained based that the BMI is an indicator or index
and it is unable to differentiate between the weight changes
which are due to an increase or decrease in the muscularity
and the body fat percentage.

Strengths and Limitations

One strength of our study to our knowledge is that this is
the only prospective study that evaluates the association
between BMI and functional outcomes in patient with extra-
articular DRF treated conservatively. Second, in our study,
we performed a sample size calculation to be able to make
a higher statistical inference to improve the applicability of
the results. Finally, it is the only study that evaluates the
association with a 1-year follow-up prospectively.
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One of the main limitations of our study was the use of
simple correlation. We only addressed the influence of BMI
status on functional outcomes and did not consider other
variables or comorbidities that could act as confounding
factors for the outcomes obtained. Another limitation is a
lack of information on changes to BMI during the follow-
up period, as the BMI was measured only once. Finally,
using BMI as a measure of weight does not provide a direct
measure of body fat amount and distribution, which may
affect the risk of comorbidities independent of BMI; thus,
our results should be taken with caution.

Conclusion, Recommendations, and Future
Directions

At 1-year follow-up, there was a low-to-moderate associa-
tion between BMI and poor functional outcomes in patients
older than 60 years with extra-articular DRF that was treated
conservatively. Future studies are needed with higher quality
that consider controlling lifestyle factors that could influence
functional limitations in patients with DRF.
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