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Background: Few studies have investigated the association between vertebral fragility fractures and lower
limb muscle strength and physical performance in women with low bone mass.

Objectives: To explore whether the presence of vertebral fracture is independently associated with poor
physical performance and decreased lower limb muscle strength. To understand whether lower limb muscle
strength is associated with physical performance in women with vertebral fracture.

Ié‘;{’l_ V};’grpdgizoss Methods: Older women with low bone mass were divided into 2 groups: no vertebral fracture (NF) and
SARCOPENIA presence of vertebral fragility fracture (VFF). Physical performance was evaluated using the Five Times Sit to
OLDER ADULTS Stand (5TSS) test, the Timed Up and Go (TUG) test and a 5m walk test (SMWT). Lower limb muscle strength
PHYSICAL PERFORMANCE was assessed using an isokinetic dynamometer.
FRAILTY Results: We included 94 women with low bone mass (mean age 71.6 [SD 5.7] years, time since menopause
REHABILITATION 24.4 [7.1] years, mean BMI 27.5 [5.1] kgm~2). VFF was only associated with low peak hip abductor torque
(p = 0.001) after adjustments. In the VFF group (n= 47), each 1 Nmkg ™! increase: in knee extensor torque was
associated with improved 5SMWT (p = 0.005), TUG (p = 0.002) and 5TSS (p = 0.005) performances; in knee
flexor torque was associated with improved 5SMWT speed (p = 0.003) and TUG time (p = 0.006); in hip abduc-
tor torque was associated with improved 5SMWT speed (p = 0.003); and in hip extensor torque with improved
TUG time (p = 0.046).
Conclusion: VFF was associated with reduced hip abductor strength in older women. However, the number of
vertebral fractures influenced the association. Additionally, lower limb muscle strength was associated with
physical performance, regardless of the clinical characteristics of the fractures. Therefore, strength and power
training programs for the lower limbs could improve physical performance.
© 2022 Elsevier Masson SAS. All rights reserved.
Introduction living [3], back pain [4], balance impairments [5], impaired gait [6],

Vertebral fragility fracture (VFF) is the most common fragility
fracture in women with low bone mass, and is usually the first osteo-
porotic fracture to occur [1]. Most VFF occur during everyday activi-
ties such as climbing stairs, carrying weight or leaning forward [2]
and are associated with decreased participation in activities of daily
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postural changes [7], reduced quality of life [8] and mortality [9]. The
risk of future fractures doubles in the year after the initial vertebral
fracture [10]; therefore, early intervention and adequate rehabilita-
tion are essential to improve the quality of life of these women and
reduce the risk of morbidity and mortality.

Current studies have shown a strong association between osteo-
porosis and sarcopenia [11, 12]. Muscle strength is commonly
reduced in women with reduced bone mass because of muscle-bone
interaction: the bone response is strongly dependent on the load
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applied by the muscle [13]. Moreover, lower limb muscle mass is fur-
ther reduced in women with VFF [14] and measurements of muscle
mass suggest the prevalence of sarcopenia is higher than in women
without VFF [15]. Considering that strength loss occurs more rapidly
than loss of muscle mass during the aging process, it is expected that
the decline in muscle strength is more rapid in women with VFF;
however, this hypothesis has not yet been tested. Reduced lower
limb muscle strength may explain poorer performance in clinical
tests in women with VFF [16, 17]. Reduced lower limb muscle
strength can be a trigger for postural changes such as increased trunk
flexion during certain tasks that require more muscle strength (sit to
stand from a chair). Previous studies have shown an association
between lower limb muscle strength and functional tests in older
adults in the community [18, 19].

In clinical practice, different functional tests are used to assess
physical performance in older adults, such as the Five Times Sit to
Stand (5TSS) test [20], the Timed Up and Go (TUG) test [21], and
timed walk tests [22]. These tests assess simple tasks, such as walk-
ing, to more challenging tasks that include getting up from a chair
and performing a 180° turn. The assessment of physical performance
is essential in clinical practice since poor physical performance is
associated with impaired function or disability in ADLs [17], as well
as an increased risk of falls [23].

However, few studies have explored the association between the
presence of VFF and lower limb muscle strength, or the association
between muscle strength and physical performance in women with
low bone mass. Understanding whether the presence of a VFF is asso-
ciated with a decrease in lower limb strength and how much this
strength contributes to physical performance would help clinicians
1) to choose appropriate exercise interventions to reduce the risk of a
new fracture and improve the individual’'s quality of life and 2) to
choose appropriate clinical tests for the evaluation and follow-up of
these women.

The primary aim of this study was to compare physical function
and lower limb muscle strength in women with low bone mass, with
and without VFF. The second aim was to explore whether the pres-
ence of VFF in women with low bone mass is independently associ-
ated with poor physical performance and decreased lower limb
muscle strength. The third aim was to understand whether lower
limb muscle strength is associated with physical performance regard-
less of vertebral fracture characteristics and other covariates in
women with VFF. We tested 3 hypotheses:1) physical performance
and muscle strength are lower in women with than women without
VFF, 2) that the presence of vertebral fracture is associated with
poorer physical performance and lower lower limb muscle strength
and 3) that lower limb muscle strength explains poor physical perfor-
mance in women with VFF.

Methods
Study design

We conducted a cross-sectional study of older women followed at
the Metabolic Bone Disease Outpatient Clinic of the Ribeirao Preto
Medical School of University of Sao Paulo (HC-FMRP/USP) from
January 2018 to November 2019. The study was approved by the
Ethics and Research Committee of the HC-FMRP-USP (CAAE:
72799917.7.0000.5440). All participants signed an informed consent
form for participation, which was also approved by the local ethics
committee. The study is reported according to the Strengthening
Reporting of Observational Studies in Epidemiology (STROBE) guide-
lines [24].

Participants took part in 2 assessment days. On Day 1, we col-
lected data through interviews to characterize the sample, and took
weight and height measurements to calculate the body mass index
(BMI). Assessment of bone mineral density and vertebral fracture
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was then conducted at the radiology department of HC-FMRP | USP.
On Day 2, participants underwent physical performance and muscle
strength tests. All clinical assessments were performed by 4 research-
ers who were blinded to vertebral fracture diagnosis.

Participants

Inclusion criteria were women, aged between 60 and 80 years,
with low bone mass diagnosed by dual-energy X-ray absorptiometry
(DEXA), functionally independent, at least 12 months post meno-
pause, able to understand test instructions and with a bone mineral
density (BMD) T-score in the lumbar spine and/or neck of femur <
-1.0 standard deviation (SD) . Exclusion criteria were memory
impairment that interfered with the performance of daily activities
(self-report), use of assistive devices for walking, presence of uncon-
trolled serious illnesses, continuous use of psychotropic drugs,
decompensated type-2 diabetes, loss of bone mass secondary to other
diseases, presence of vertebral stenosis or previous spinal surgery.
After inclusion, participants could be excluded if they did not under-
stand the test instructions or if they did not perform all the clinical
and muscle strength tests.

We divided the sample into 2 groups based on the panoramic
radiographic images of the thoracic and lumbar spine: low bone
mass and no vertebral fracture (NF) and low bone mass and vertebral
fragility fracture (VFF).

Subjective data

We collected the following information through interview to
characterise the sample: age, time since menopause, history of falls
within the last 6 months, level of physical activity, presence of
back pain, history of chronic diseases and history of non-vertebral
fractures.

We used the short version of the International Physical Activity
Questionnaire (IPAQ) to assess the level of physical activity; this
questionnaire has been translated and validated for use in Brazil [25].
Participants were classified as inactive, moderately active and high
level of physical activity according the their score.

Bone mass assessment

Participants underwent a lumbar and neck of femur DEXA test to
evaluate their BMD. A Hologic brand device (Discovery Wi, QDR
Series, Waltham, MA, USA) was used and the same protocol and
routine were used for all participants. This device has an error level
of 1.84%. Those with BMD T-scores < -1.0 SD were included in the
analysis. We used a T-score < -2.5 SD to diagnose osteoporosis and a
T-score between -1.0 and -2.5 SD to diagnose osteopenia.

Anthropometric assessment

We assessed body weight with a digital anthropometric scale and
participants wearing light clothes. Height was measured by a wall sta-
diometer, with participants barefoot, standing with feet together and
heels, hips and head in contact with the wall. They were instructed to
keep the eyes fixed in the horizontal axis. BMI was calculated as the
ratio between body weight (kg) and height (m) squared.

Vertebral fracture assessment

To assess the presence of a vertebral fracture, a panoramic radio-
graph of the thoracic and lumbar spine acquired using the CR Long
Length Vertical Imaging System (Kodak Direct View, Carestream
Health, Rochester, NY, USA) was performed. Lateral images were
acquired at a distance of 2 m from the radiographic device. As previ-
ously reported [26], participants stood with their arms resting on a
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support, the shoulders flexed at 30° and elbows slightly bent. The
method developed by Genant et al. [27] was used to define and clas-
sify the vertebral fracture.

The degree of thoracic kyphosis was determined with the Cobb
angle, assessed on the radiographic image of the thoracic spine, con-
sidered as the gold standard to assess the degree of kyphosis. The
beginning of the thoracic curve was marked by drawing a line from
the upper edge of the vertebral body from T4 to the lower edge of
T12. The Cobb angle was determined by the angle formed by the
crossing point of perpendicular lines drawn from these lines. An angle
greater than 50° was considered as thoracic hyperkyphosis [28].

Physical performance tests

The 5TSS was performed with a standard chair without arms: par-
ticipants sat with their feet flat on the floor, back against the back
rest and arms crossed in front of their chest. They were instructed to
get up and sit down from the chair 5 times in a row, as quickly as pos-
sible, and the time taken to complete the task was recorded [20]. The
test was repeated twice with an interval of at least 1 minute between
repetitions, the mean value was used in the analysis.

For the TUG test, participants started in a sitting position on a
chair with their feet on the floor and back against the back support.
They were instructed to get up from the chair, walk 3 meters at their
usual speed, turn, return to the chair and sit [21]. The test was per-
formed 3 times, and the mean value was used for the analysis.

For the 5SMWT, participants were asked to walk a distance of 8
meters at their usual speed. The time taken to perform the task was
recorded in the central 5 meters of the walk (using a stopwatch) to
avoid the acceleration and deceleration phases [22]. The test was per-
formed 3 times and gait speed was calculated, the mean value of the
3 trials was used in the analysis.

These tests have been shown to be reliable in older adults [20, 21,
22].

Muscle strength assessment

Peak torque measurements of the hip and knee flexor/extensor
muscles and hip abductor/adductor muscles were performed using
an isokinetic dynamometer (Biodex System 4 Pro, New York, USA)
that was calibrated weekly according to the manufacturer’s recom-
mendations. The muscles of the dominant lower limb (self-reported
preferred limb to kick a ball) were evaluated [29].

Participants performed a 5-minute warm up on an exercise bike
(Athletic Extreme). The evaluation protocol consisted of 3 maximum,
voluntary, isometric contractions (MVICs) lasting 5 s with an 30 s
interval between each. The data were processed by the device soft-
ware: we collected the maximum peak torque of the 3 MVICs, which
were later normalized to each participant’s body weight (Nm.kg ™).
Peak torque was normalized by body weight to more accurately rep-
resent muscle performance in relation to the participant’s mass [30].
Verbal encouragement was given throughout the test, and the partic-
ipants were instructed to perform the contractions as strongly and as
quickly as possible [31]. Isometric contractions were performed
because they are considered as safe and more reproducible in older
people who may have limited range of motion and pain and may use
compensations during concentric contractions [32]. Since the evalua-
tion was blinded and randomized, the order of test execution was
trunk-hip-knee for one participant and knee-hip-trunk for the next
participant, and so on. For the hip and knee tests, participants were
positioned according to the description by Porto et al. [33].

Statistical analysis

Statistical analysis was performed using SPSS (version 17.0 —
SPSS Inc.; IBM, Chicago, IL, USA) and p<0.05 was considered
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significant. To characterize the sample, data were described by
means, standard deviations (SD) and percentages. An unpaired t
test was used to compare VFF and NF groups. The association
between the presence of a vertebral fracture (independent vari-
able) and performance in clinical tests (dependent variables) was
assessed with a multiple linear regression model adjusted for pos-
sible confounding factors. The association between muscle strength
(independent variable) and performance in clinical tests (depen-
dent variables) in women with VFF was assessed with a multiple
linear regression model adjusted for possible confounding factors.
To determine which covariates should be included in the statistical
models, Pearson correlation was performed. Accordingly, age,
height, number of fractures, number of falls and presence of back
pain were considered as confounding factors for the association
between the presence of vertebral fracture, physical performance
in the clinical tests and muscle strength in the whole sample
(n=94). Additionally, age, height, number of fractures and number
of falls were considered as confounding factors for the association
between muscle strength and performance in clinical tests in the
VFF group (n=47). Associations were determined by the non-stan-
dardized regression coefficient (f), and the performance of the
final model was evaluated by Nagelkerke’s R?, which estimates the
variance of the results explained by the model. The sample power
(n=94) of 99% was calculated considering R?>= 0.24 and an effect
size (0.49) obtained in the analysis between the presence of VFF
and the 5SMWT, using G*Power software, version 3.1.92 (Universitat
Kiel; Kiel, Germany).

Results

We interviewed 245 women who attended the Metabolic Bone
Disease Outpatient Clinic of the Ribeirao Preto Medical School. Of
these, 136 were excluded: 31 refused to participate; 34 had severe
locomotor deficits or required a wheelchair for mobility; 32 had
secondary bone loss (7 with rheumatoid arthritis 7 and 21 with oste-
ogenesis imperfecta); 10 had severe cardiovascular disease; 12 had
neurological disorders (5 with Parkinson’s and 7 with Alzheimer’s
disease); 8 had impaired understanding or memory; and 9 had a
lumbar spine BMD T-Score > -1.0 SD. Of the 109 women included, 15
participants were subsequently excluded: 7 refused to continue the
evaluations; 2 died; 2 were diagnosed with cancer and 4 had hip
surgery due to a fall. Therefore, 94 women were included in the final
analysis. Of these, 47 had no fracture (NF) and 47 had a vertebral
fragility fracture (VFF).

General features

Participant characteristics are shown in Table 1. Mean age of the
94 women was 71.6 (SD 5.6) years, time since menopause was 24.4
(7.0) years and mean BMI was 27.5 (5.1) kgm 2. None of the women
had a high level of physical activity, 56% had a low level of physical
activity, and 44% a moderate level. A total of 71% had back pain and
the mean degree of kyphosis was 49.1 (16.3) degrees. Mean lumbar
BMD T-score was -2.15 SD, 65% of women had osteoporosis and 35%
had osteopenia. A total of 44% reported a fall in the last year.

Women in the VFF group were significantly older (p = 0.005), with
a longer time since menopause (p = 0.023), shorter height (p = 0.001)
and more complaints of back pain (p = 0.041) than the NF group. In
addition, the VFF group had lower lumbar spine BMD (p = 0.010),
more women with osteoporosis (47%) and more reported falls in the
last year compared to the NF group (p = 0.001).

Analysis of the clinical characteristics of the vertebral fractures in
the VFF group (Table 2) found a mean number of fractures of 2.3 (SD
1.6), with a higher prevalence of women with 1 to 2 fractures (68%):
38% of the fractures were located in the thoracic region and 34% in
the lumbar region, and 28% were in several spinal regions.
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Table 1
Sample Characteristics
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Variables Total sample (n=94) NF (n=47) VFF (n=47) eta’ p value
Age (years) 71.6 (5.7) 69.98 (4.9) 73.2 (5.9) 0.08 0.005*
Time of menopause (years) 244(7.1) 22.8(7.6) 26.0(5.9) 0.05 0.02*
Weight (kg) 63.5(12.2) 64.2 (11.6) 62.7 (12.9) 0.004 0.55
Height (m) 1.5(0.1) 1.5(0.1) 1.5(0.1) 0.11 0.001*
BMI (kgm~2) 27.5(5.1) 27.1(4.6) 27.9(5.5) 0.006 047
Physical Activity Level 0.004 0.54
Low n (%) 53(56) 28 (51) 25(53)

Moderate n (%) 41 (44) 19 (40) 22 (47)

Presence of back pain 0.05 0.04*
Yes n (%) 67 (71) 29(62) 38(81)

No n (%) 27 (30) 18(39) 9(19)

Degree of thoracic kyphosis (°) 49.12 (16.28) 46.87 (14.38) 51.38(17.84) 0.02 0.18
Lumbar BMD (T-score) -2.15(1.03) -1.88(0.85) -2.42(1.13) 0.06 0.01*
Osteoporosis n (%) Osteopenia n (%) 61 (65) 33 (35) 9(19)38(81) 22(47)25(53)

Fall during the past 12 months n (%) 41 (44) 15(32) 26 (62) 0.06 0.001*

* p <0.05, NF vs VFF

Values expressed as means (SD) and frequencies. BMD: bone mineral density; BMI: body mass index; NF: no fracture; VFF:

vertebral fragility fracture

Physical performance and muscle strength

Table 3 shows the mean values of the clinical tests and the peak
torque of the muscles evaluated for the total sample and the NF and
VFF groups.

The physical performance of the VFF group was poorer than the
NF group, with longer TUG (p < 0.001) and 5TSS (p = 0.03) perfor-
mance times and slower 5SMWT speed (p < 0.001).

In addition, the VFF group had a lower peak torque for all lower
limb muscles evaluated, except for the hip adductors.

Association between VFF, physical performance and muscle strength

The results of the multiple linear regression are presented in
Table 4.

The unadjusted model was statistically significant and indi-
cated that the presence of VFF was associated with slower 5SMWT
(p < 0.001), TUG (p < 0.001) and 5TSS performances (p = 0.030).
Regarding muscle strength, the presence of VFF was associated
with lower peak torque of the hip flexors (p = 0.02), extensors
(p = 0.02) and abductors (p < 0.001) and the knee flexors
(p = 0.02) and extensors (p = 0.001).

When the statistical model was adjusted for age, height, number
of falls and presence of pain (adjustment model 3), the presence of
VFF was associated with slower gait speed, longer TUG performance
time and weaker hip abductors and knee extensors. However, when
the number of fractures was included in the adjustment model
(adjustment 4), VFF was associated with weaker hip abductors
(p=0.001) and the presence of VFF accounted for 38% of the variance
in peak hip abductor strength.

Table 2
Characteristics of vertebral fractures in the VFF group
(n=47)
Variables
Number of fractures, mean (SD) 2.3 (1.6)
Presence of 1-2 VF, n (%) 32(68)
Presence of 3-4 VF, n (%) 10(21)
> 5VF, n (%) 5(11)
VF location
Thoracic, n (%) 18(38)
Lumbar, n (%)Multiple, n (%) 16(34)13(28)

VFF= vertebral fragility fracture

Association between muscle strength and physical performance in
women with VFF

Multiple linear regression was used to verify the association
between lower limb muscle strength and physical performance in
women with VFF (Table 5). We present results of the unadjusted sta-
tistical model and the model adjusted for age, height, number of falls
and number of fractures.

S5MWT

The unadjusted model was statistically significant and showed a
positive association between the 5SMWT and peak torque of the hip
extensors and abductors, and knee flexors and extensors. For each 1
Nmkg~! increase in peak torque of the hip extensors and abductors,
knee flexors and knee extensors, mean 5MWT speed increased
respectively by 0.4 m/s, 0.5 m/s, 0.5 m/s and 0.3 m/s.

Adjustment for age, height, number of falls and number of frac-
tures in the regression model showed that 5SMWT explained 43% of
the variance in peak force of the hip abductors (p = 0.003), 42% of the
variance at peak strength of the knee flexors (p = 0.003) and knee
extensors (p < 0.001). For each 1 Nmkg~' increase in peak torque of
the hip abductors, knee flexors and extensors, mean 5SMWT speed
increased respectively by 0.4 m/s, 0.5 m/s and 0.3 m/s.

TUG

The unadjusted model was statistically significant and showed a
negative association between TUG performance time and peak torque
of the hip extensors and abductors, knee flexors and knee extensors.
For each 1 Nmkg ™! increase in peak torque of the hip extensors and
abductors, knee flexors and knee extensors, TUG time reduced
respectively by 6.2s,6.2s,7.9 sand 5.3 s.

Adjustment for age, height, number of falls and number of frac-
tures in the regression model showed that the result of the TUG test
explained 32% of the variance in peak strength of the hip extensors
(p =0.46), 38% for knee flexors (p = 0.006) and 41% for knee extensors
(p = 0.002). For each 1 Nmkg~! increase in peak torque of the hip
extensors, knee flexors and extensors, TUG time decreased respec-
tively by 4.5s,7.71 sand 4.81 s.

5TSS

The unadjusted model was statistically significant and showed a
negative association between the 5TSS and peak torque of hip
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Table 3

Results of the physical performance and muscle strength tests
Clinical Tests Total sample (n=94)  NF(n=47) VFF(n=47) etd® p value
5TSS (s) 144 (4.3) 13.4(3.8) 15.3 (4.6) 0.05 0.03"
TUG (s) 114(4.1) 9.4(2.0) 13.4(4.6) 0.2 <0.001*
5MWT (m.s~") 1.0(0.3) 1.1(0.3) 0.9(0.3) 0.14  <0.001*
Peak torque (Nmkg ")
Hip flexors 0.40(0.20) 0.45(0.2) 035(0.22) 0.06 0.02°
Hip extensors 0.92(0.36) 1.00 (0.4) 0.83(0.28) 0.06  0.02°
Hip abductors 0.54(0.29) 0.71(0.2) 0.38(0.28) 03 <0.001*
Hip adductors 0.70(0.29) 0.65(0.3) 0.75(0.30) 0.02 0.14
Knee flexors 0.62 (0.25) 0.68 (0.3) 0.56(0.22) 0.05 0.02°
Knee extensors 1.23(0.46) 1.39(0.5) 1.08 (0.39) 0.1 0.001*

* p<0.05, NFvs VF
Values expressed as means (SD). 5TSS: five times sit to stand; 5SMWT: five metre walk test; NF: no
fracture; TUG: Timed up and go; VF: vertebral fracture

Table 4
Multiple Linear regression of the presence of vertebral fracture (independent variable), physical performance and muscle strength (dependent variables) (n=94)
Unadjusted model Adjustment 1 Adjustment 2 Adjustment 3 Adjustment 4

Clinical tests B R? p value B R? Pvalue B R? p value B R? Pvalue [ R? Pvalue
SMWT (m.s™') -021 014 <0.001" -0.12 028 0.03" -0.12 028 0.03 -0.13 030 0.02* -0.11 030 017
TUG (s) 4.01 025 <0.001° 3.25 030 <0.001° 3.09 0.31 <0.001*  3.12 0.31 <0.001* 175 034 0.11
5TSS(s) 1.90 0.05 0.03* 1.63 006  0.09 1.50 0.07 0.12 1.75 0.09 0.07 135 010 032
Peak torque (Nmkg 1)
Hip flexors -0.10 0.06 0.02° -0.08 0.07 0.06 -0.07 013 013 -0.07 013 0.11 -0.06 013 031
Hip extensors -0.18 006 0.02* -0.14 0.08 0.08 -0.13 009 0.11 -0.15  0.10 0.07 -020 011 007
Hip Abductors -033 032 <0001" -031 033 <0.001" -029 038 <0.001" -029 038 <0.001* -026 038 0.001*
Hip adductors 0.09 002 0.14 0.11 003  0.09 0.12 0.04 0.08 0.11 0.049 0.11 0.01 0.07 092
Knee flexors -0.11 005 0.02° -0.10 007 0.09 -0.10 0.07 0.10 -0.10  0.08 0.08 -0.15 0.09 0.06
Knee extensors -031 0.12 0.001" -024 0.16 0.012* -023  0.17  0.02" -025 018 0.01* -022 018 012

* p<0.05

Adjustment 1: age and height; Adjustment 2: adjustment 1 + number of falls; Adjustment 3: adjustment 2 + presence of back pain; Adjustment 4: adjustment 3 + number of verte-

bral fractures.

5TSS: five times sit to stand; 5SMWT: five metre walk test; TUG: Timed up and go.

Table 5

Multiple Linear regression between muscle strength (independent variable) and physical performance (dependent variables) in older
women with VFF (n=47)

Unadjusted model Adjustment 1 Adjustment 2 Adjustment 3
5MWT (m/s) B R? pvalue R R? pvalue R R? pvalue R R? p value
Hip flexors 0.26 0.04 0.14 0.17 0.29 0.28 0.15 0.30 0.36 0.14 0.30 0.39
Hip extensors 0.37 0.15 0.007* 0.24 0.34 0.05 0.23 0.34 0.06 0.24 0.35 0.06
Hip Abductors 0.45 0.22 0.001* 0.39 043 0.001* 0.39 043 0.002* 0.39 043 0.003*
Hip adductors -0.11 0.01 0.41 -0.18 0.32 0.12 -0.18 0.33 0.10 -0.18 0.33 0.13
Knee flexors 0.53 0.18 0.003* 0.46 0.41 0.004* 0.45 0.41 0.004* 0.47 0.42 0.003*
Knee extensors  0.26 0.14 0.01* 0.26 0.41 0.003* 0.25 041  0.004* 0.25 042  0.005*
TUG (s)

Hip flexors -5.21 0.06 0.08 -4.02 0.25 0.15 -3.46 0.26 0.23 -3.27 0.28 0.25
Hip extensors -622 014 0.008* -454 028 0.04° -431 030 005 -448 032  0.04"
Hip Abductors -6.15 0.13 0.01* -4.84 0.29 0.03* -4.49 0.30 0.05 -4.34 0.31 0.06
Hip adductors 2.95 0.03 0.20 4.00 0.28 0.54 421 0.31 0.04* 3.94 0.32 0.06
Knee flexors -792 013 0.01* -748 033 0.009* -739 035  0.009* -7.71 038  0.006*
Knee extensors -5.32 0.20 0.001* -5.09 0.39 0.001* -4.94 0.40 0.001* -4.81 0.41 0.002*
5TSS (s)

Hip flexors -5.06 0.06 0.09 -4.05 0.20 0.15 -4.00 0.20 0.18 -3.97 0.20 0.19
Hip extensors -5.21 0.10 0.02* -3.75 0.21 0.10 -3.68 0.21 0.11 -3,74 0.21 0.11
Hip Abductors -2.19 0.01 0.36 -0.91 0.16 0.69 -0.69 0.16 0.78 -0.65 0.17 0.79
Hip adductors 2.00 0.01 0.38 2.89 0.19 0.17 298 0.20 0.17 297 0.20 0.18
Knee flexors -1.86 0.008 0.55 -1.20 0.16 0.69 -1.17 0.17 0.70 -1.24 0.17 0.68
Knee extensors -4.84 0.17 0.004* -4.65 0.31 0.004* -4.64 0.31 0.004* -4.65 0.31 0.005"

* p<0.05

Adjustment 1: age and height; Adjustment 2: adjustment 1 + number of falls; Adjustment 3: adjustment 2 + number of vertebral frac-

tures

Abbreviations: 5TSS = five times sit to stand; 5SMWT = five metre walk test; TUG = Timed up and go
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extensors (p = 0.03) and knee extensors (p = 0.004). For each 1
Nmkg~! increase in peak torque of hip extensors and knee extensors,
5TSS performance time reduced respectively by 5.2 s and 4.8 s.

Adjustment for age, height, number of falls and number of frac-
tures in the regression model showed that the result of the 5TSS test
explained 31% of the variance in peak strength of the knee extensors
(p = 0.005). For each 1 Nmkg~! increase in peak torque 5TSS perfor-
mance time decreased by 4.7 s.

Discussion

To the best of our knowledge, this is the first study to show that
women with low bone mass and VFF had lower physical performance
and reduced lower limb muscle strength (measured with a dyna-
mometer) than women without vertebral fracture, confirming our
initial hypotheses. Additionally, lower limb muscle strength was
associated with physical performance (evaluated with the 5SMWT,
TUG and 5TSS) in women with VFF, regardless of the characteristics
of the vertebral fracture and other confounding variables. However,
in contrast with our initial hypothesis, VFF was only associated with
reduced strength of the hip abductor muscles when adjusted for the
number of fractures and other confounding variables; it was not asso-
ciated with physical performance, or with the strength of other lower
limb muscles.

Tests of physical performance have been used in studies with
older people with vertebral fractures, despite the lack of reference
values and cutoff points for this population. A prospective cohort
study of community-dwelling older Brazilians [34] found that a cutoff
performance time of 12.5 s for the TUG test was predictive of falls in
older Brazilians. Another recent prospective study [35], which inves-
tigated the association between TUG performance time and fracture
risk in older women, showed that TUG time > 12 seconds was
strongly associated with hip fracture, fragility fractures (spine, hip,
forearm, and proximal humerus) and non-fragility fractures.
Although these prospective studies were conducted in older people,
none focused on older women with VFF. However, considering the
lowest cutoff point, the VFF group (13.4 s) is at risk of falls and new
fractures. Falls in older people can have serious consequences such as
hip fractures and loss of mobility and independence, and the
presence of VFF is a risk factor for new vertebral and non-vertebral
fractures in the following years [36]. We therefore suggest that
prevention and early rehabilitation of vertebral fractures should be a
high priority.

Gait speed is an appropriate measure to assess and monitor the
functional status and general health of the population: it is a predic-
tor of functional disability, mortality, institutionalization, and cogni-
tive problems [37]. A prospective study with a 15-year follow-up
showed that low pre-fracture gait speed was strongly associated
with the risk of mortality after fracture in older people [38]. There is
no consensus in the literature regarding a cutoff point, and no studies
have been conducted post-vertebral fracture. One study reported
that speeds above 1.0 m/s are associated with a lower risk of adverse
events and better survival in older people in the community [39]. In
our study, mean gait speed of the women in the VFF group was
0.9 m/s, which may indicate a risk for negative health outcomes.

In addition to representing dynamic balance [40], the 5TSS pro-
vides an indication of lower limb muscle function [20], particularly
strength and power. In a Brazilian study, a cutoff of > 13 s was found
to accurately identify 85% of women with sarcopenia [41]. Although
in our study performance time was > 13 s in both groups, it was lon-
ger in the VFF group (15.31 s vs. 13.42 s).

It is known that a vertebral fracture, even small, can alter spinal
biomechanics. Disc degeneration and bone loss increase the load on
the adjacent vertebra, increasing the risk of a new vertebral fracture
[42], which, in turn, increases the degree of thoracic kyphosis and
back pain, culminating in a loss of quality of life, morbidity, and
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mortality [43]. Balance [44] and gait instability [6] may be affected if
the fracture causes a forward-bent posture; the feeling of instability
can result in poorer performance in clinical trials. In addition, to
compensate for trunk flexion, individuals with hyperkyphosis flex
the knees and tilt the pelvis posteriorly to bring the head and
shoulders back [45]. However, our hypothesis that these posture
alterations could alter the length-tension relationship of the muscles
and culminate in a decrease in lower limb muscle strength was not
confirmed, since VFF was only associated with reduced hip abductor
strength.

Women with vertebral fractures have lower muscle mass and
strength (assessed by handgrip strength) compared to women with-
out fractures [14]. Therefore, as we expected, strength of the hip
abductors, hip and knee flexors and extensors was lower in the VFF
than the NF group. However, the multiple linear regression showed
that regardless of the number of fractures and other covariates, VFFs
were associated only with a reduction in peak hip abductor torque.
Although we did not find a significant association between peak tor-
que of the other muscle groups and vertebral fracture, perhaps due
to the type of assessment, i.e., isometric contraction or the body posi-
tioning, this finding is still relevant: the hip abductors are important
for postural control and function in older women, and mediolateral
instability has been described as an important risk factor for falls in
this population [18]. This may explain why many studies show that
vertebral fracture is associated with an increased risk of hip fracture,
regardless of bone mineral status [46].

Our results showed that the number of vertebral fractures is an
important factor in the relationship between VF and physical func-
tion, since the correlations were no longer significant when the num-
ber of vertebral fractures was added as a confounding variable in the
statistical model. The number and severity of vertebral fractures has
been found to be independently associated with slower TUG perfor-
mance and reduced gait speed in older women [16]. Corroborating
these data, another study showed that severe vertebral fractures in
older women were associated with lower gait speed and slower 5TSS
performance time, whereas there was no association for only 1 frac-
ture [17]. As 68% of the VFF group had 1 or 2 fractures, this may
explain the lack of association between VFF and physical perfor-
mance.

Finally, to explore the association between VFF, physical function
and muscle strength, it is clinically relevant to determine whether
muscle strength contributes to physical performance in women with
vertebral fractures because such information would help the elabora-
tion of physical exercise programs that are appropriate to the peo-
ple’s needs.

The multiple linear regression showed that for each 1 Nmkg~!
increase in knee extensor strength, 5SMWT increased by 0.3 m/s, TUG
performance increased by 4.8 s, and the 5TSS by 4.65 seconds in the
VFF group, even after adjusting for confounding variables. Therefore
we suggest that increasing the strength of the knee extensors could
improve performance on clinical tests, in addition to reducing the
risk of falls, since weakness of the quadriceps is a risk factor for falls
[47]. We also suggest that knee flexor strength should be evaluated
in clinical practice, since a 1 Nmkg~! increase in peak flexor torque
was strongly associated with performance on the physical tests,
explaining a decrease of 7.71 seconds for TUG and an increase in
mean velocity of 0.47 m/s in the SMWT test.

Studies previously published by our group showed an association
between hip abductor strength and physical function in community-
dwelling older adults: peak hip abductor torque contributed to static
and dynamic balance, which was assessed by means of the single-leg
stance and tandem gait test [18, 19]. Considering the fact that walk-
ing involves periods of single-leg support, it is understandable that
hip abductor strength was associated with 5SMWT in this study: a 1
Nmkg~! increase in hip abductor torque explained 0.39 m/s improve-
ment in gait speed.
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This study has several limitations. The measurement of strength
only involved isometric contractions performed on an isokinetic
dynamometer, however we chose this method because such contrac-
tions are safe in the older population. The study was a cross-sec-
tional; therefore, we cannot make inferences about causality.
Longitudinal studies are needed to investigate the cause-and-effect
relationship. Finally, the convenience sample was composed of
women with low bone mass, with no group of women with normal
bone mass and without fractures.

The apparently small amount of variance explained (between 30
and 50%) may be due to the fact that physical function is multifacto-
rial and does not only depend on muscle strength. In addition, older
women have multisystem physiological changes that can influence
the clinical outcome. Thus, future studies should evaluate different
populations, and include more biomechanical factors to inform the
rehabilitation of individuals with vertebral fractures.

The results of this study are clinically relevant since the variables
measured can be modified through interventions that aim to main-
tain the independence of women with vertebral fractures for as long
as possible. High-intensity muscle strength training stimulates the
osteogenic response and preserves the quality of bone tissue [48].
According to the updated Cochrane review, there is only moderate
evidence to support the use of physical exercise to improve physical
function after vertebral fracture [49]: only 9 studies were included
with small sample sizes, resulting in inaccurate estimates. Further-
more, only 1 trial included resistance exercise for lower limbs. We
suggest that the results of the present study indicate that lower limb
strength and power training programs could improve physical
performance in older women with VFF. Therefore, randomized
controlled trials evaluating interventions to improve physical perfor-
mance should consider adding strength and power training programs
for the lower limbs.
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