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Introduction: Spinal range of motion (ROM) is a potential and modifiable variable that
Available Online: 01 Apr 2022

may contribute to the maintenance of upright sagittal alignment. The present study aimed
to compare spinal ROM in older females with and without hyperkyphosis and investigate
associations between thoracic kyphosis and spinal ROM, back extensor strength (BES), and
back extensor endurance (BEE).

Materials and Methods: Sagittal spinal curvature and ROM were measured with the Spinal
Mouse. Also, BES and BEE were assessed with a load cell. Variables were compared between
older females with and without hyperkyphosis with the independent sample t test. We used
the Pearson correlation coefficient to calculate associations between variables. Multiple linear
regression was used to find which variable is best associated with kyphosis.

Results: Lumbar and total spinal ROM were lower in the hyperkyphosis compared to the
normal group (P<0.05). Thoracic kyphosis was associated with total lumbar ROM (r=-0.30,
P=0.03), total spinal ROM (r=-0.35, P=0.01), BES (r=-0.73, P< 0.001), and BEE (=-0.60, P<
0.001). Multiple linear regression analysis after adjusting for age, weight, and BMI showed
that BES (P<0.001) and BEE (P=0.01) but not spinal ROM (P=0.16) were significantly
associated with thoracic kyphosis.

Conclusion: Females with hyperkyphosis had lower spinal ROM than those with normal

Keywords: : kyphosis. While thoracic kyphosis was significantly associated with total lumbar ROM, total
Spinal range of motion; :  spinal ROM, BES, and BEE, multivariate regression showed that ROM was not a significant
Hyperkyphosis; Muscle . contributor to thoracic kyphosis. BES and BEE were significant contributors to thoracic
function; Aging : kyphosis and should be targeted in the rehabilitation of hyperkyphosis.
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1. Introduction

fter the fourth decade of life, thoracic

curvature worsens and increases above

40 degrees, known as ,age-related hy-

perkyphosis.“ Hyperkyphosis affects up

to 40% of older adults and impacts both

sexes [1]. The condition is more common
in females than males [2]. Age-related hyperkyphosis
has been associated with poor pulmonary function, im-
paired physical function, reduced quality of life (QOL),
and increased risk for early mortality [3]. Thus, health
care providers should attend to this condition as a major
health concern. Normal bone and muscle interaction, the
foundation for postural alignment, can be altered by age-
related decreased bone and muscle mass and strength.
Several musculoskeletal impairments have been associ-
ated with age-related hyperkyphosis in cross-sectional
and longitudinal ways and characterize the ability to de-
velop and maintain upright sagittal alignment. Low bone
mineral density, vertebral compression fractures, and
decreased back extensor strength are well-established
causes of hyperkyphosis [4] but do not fully explain con-
tributing modifiable variables.

Spinal range of motion (ROM) is an essential prereq-
uisite for preserving functional independence and a firm
base for limb movements [5]. Decreased spinal ROM
may lead to weakness of back extensors and decreased
spinal stability [6], although the specific effect of spinal
ROM on thoracic kyphosis is unknown. In a cross-sec-
tional study, Saimon et al. examined 26 older adults with
spinal deformity and low back pain, measured spinal mo-
bility by occiput-wall distance, and found a significant
association with thoracolumbar kyphosis [7]. Miyakoshi
et al. investigated the spinal range of motion (ROM)
in osteoporotic females. They reported significant cor-
relations between age, kyphosis angle of lumbar area
(decreased lordosis), back extensor strength, the thick-
nesses of paravertebral lumbar muscle, and the number
of vertebral fractures with total spinal ROM (P<0.05).
They showed that back extensor strength was the most
significant contributor to the total spinal ROM [6]. This
result was confirmed by Hirano et al., who reported a
significant association between back extensor strength
and lumbar kyphosis angle and lumbar ROM in older
females with the locomotive syndrome [8]. Also, sagittal
balance (thoracic/lumbar angle ratio), lumbar lordosis,
and spinal ROM are reported as essential predictors of
QOL in middle-aged to elderly adults [9, 10], suggesting
these variables should be investigated in the context of
other modifiable factors for age-related hyperkyphosis.
While studies have investigated the effect of spinal ROM
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on thoracic kyphosis in females with age-related hyper-
kyphosis [9], none has explored the specific contribution
of spinal ROM, back extensor strength, and endurance
on thoracic hyperkyphosis outcome and determined
which variable is best associated with kyphosis. Accord-
ing to the previous studies on the musculoskeletal origin
of age-related hyperkyphosis, physical therapy is the
first-line approach to treatment [4]. Physical therapists
strive to apply evidence-based approaches to treat hyper-
kyphosis, and there is growing evidence of the benefits
of treating these musculoskeletal impairments of aging.
Hyperkyphosis can be affected with exercise interven-
tions targeting spinal extensor strength, although effect
sizes are small [11]. Identifying additional modifiable
variables and quantifying their contribution could help
prioritize prevention strategies and enhance current in-
terventions that target only back extensor strength.

The present study compared spinal ROM, including
total spinal, thoracic, and lumbar ROM, in older females
with and without hyperkyphosis. Also, we investigated
the association between thoracic kyphosis and spinal
ROM, back extensor strength, and endurance in older
females independent of other contributors.

2. Materials and Methods
Study Design

This research is an analytic cross-sectional study car-
ried out in the biomechanics laboratory of Shahid Be-
heshti University in 2018. Prior study data were used
to compare back extensor strength and endurance in
females with hyperkyphosis and those with normal tho-
racic kyphosis [12]. Forty-eight community-dwelling
ambulatory older females aged 60-80 years with the
ability to stand and walk independently were recruited
for participation in this study. Detailed inclusion and ex-
clusion criteria and classification of participants were re-
ported previously [12]. According to measured thoracic
kyphosis using the Spinal Mouse, the eligible females
were categorized at enrollment into two groups: hyper-
kyphosis group with kyphosis > 50 degrees [13] (n=24)
and normal group with kyphosis < 50 degrees (n=24).
All enrolled participants completed the testing. The
study was approved by the Ethics Committee of Sha-
hid Beheshti University of Medical Sciences (Number:
SBMU.REC.1393.617). Each participant signed written
informed consent.
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Measurement of Spinal Curvature and ROM:
Study Instrument:

We used Spinal Mouse (Idiag, Voletswil, Switzerland)
to measure thoracic kyphosis and lumbar lordosis cur-
vatures, and spinal ROM. We recorded thoracic flexion,
extension, and total thoracic ROM; lumbar flexion, ex-
tension and total lumbar ROM; and total spinal ROM
in degrees. Available validity studies for Spinal Mouse
showed a high correlation with radiographically mea-
sured lordosis (r=0.73) and kyphosis (r=0.76) angles
[14]. Also, Spinal Mouse has excellent intrarater reli-
ability for measuring sagittal spinal curvature and mo-
bility in older females [15].

Procedure

Measurements were taken in 3 test positions: neutral
standing, maximal flexion, and maximal extension.
Thoracic kyphosis and lumbar lordosis were measured
in neutral standing. Maximal flexion, maximal exten-
sion, and total ROM were calculated based on mobility
in the sequence of full flexion minus the full extension.
The total spinal range of motion was calculated based
upon the total range of motion of the thoracic and lum-
bar. The spinous process of C7 and top of the anal crease
(approximately S3) were marked, and the Spinal Mouse
was placed at C7 and manually guided along the midline
of the spine to the top of the anal crease at a slow and
constant speed, with both wheels of the Spinal Mouse
in contact with the skin (Figure 1 a and b). Three sets of
measures in each position were carried out 1-2 minutes
apart. The average value was recorded in degrees.

For achieving accurate recordings, both wheels of
the Spinal Mouse remain in contact with the skin at
all times.

Measurement of Back Extensor Strength and En-
durance

Instrumentation

A set-up, an “S” shape load cell (H3-C3-100 kg-3B-
D55, Zemic, China) attached on a vertical bar, was used
to quantify force as a measure of isometric strength and
endurance (Figure 2 A and B). Reliability of this set-up
was previously reported for females with and without
hyperkyphosis as ICC=0.96 to 0.97 and SEM=0.99 to
1.41 kg for back extensor muscle force, ICC=0.82 to
0.89, and SEM=24.97 to 27.05 s for back extensor mus-
cle endurance [16].
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Procedure

The protocol was described previously [12]. Briefly,
participants sat in a neutral, upright posture facing the
load cell, with hips and knees flexed 90 degrees, thighs
parallel to seat, and arms crossed on the abdomen. Re-
straints over the abdomen, pelvis, and thighs prevented
vertical or forward movement. The load cell was adjust-
ed with the superior border of the manubrium in midline
according to the participant’s height and connected to
the front of a vest worn over the trunk (Figure 2¢). For
spinal extensor strength, the participants performed one
warm-up trial followed by three successive maximum ef-
forts for 5 s after 60 s rests, and the mean peak force was
recorded as a measure of spinal extensor strength (kg).
For back extensor endurance, the participants performed
one warm-up trial of a sustained contraction at 50% of
maximum force followed by 3 endurance efforts at 50%
of maximum force after 30 s rests. The maximum time
in seconds was recorded as a measure of spinal extensor
endurance (s).

Additional Measurements

Height (cm) and weight (kg) values were collected
with standard stadiometer and scale devices, then body
mass index (BMI) was computed (kg/m?).

Statistical Analysis

Analyses were performed with SPSS v. 16.0 (SPSS,
Inc., Chicago, IL, USA). The Shapiro-Wilk test was
used to determine the normality of distribution for all
variables in both groups (P>0.05). An independent sam-
ple t test compared differences between the two groups
regarding the spinal curvature and ROM, back exten-
sor strength, and endurance. The associations between
variables for all participants were analyzed using the
Pearson correlation. Correlations ranging from 0.00 to
0.25 indicate little or no relationship; those from 0.25
to 0.50 suggest a fair relationship; values from 0.50 to
0.75 are moderate to good, and values above 0.75 are
considered good to excellent [17]. A multiple linear re-
gression model was used to estimate and quantify which
variables are associated with kyphosis. The significance
level was set at 0.05.

A sample size formula for comparing the mean of two
groups was used to extract statistical parameters (mean,
standard deviation) of dependent variables from simi-
lar studies [13, 18]. According to a=0.05, 3=0.01, and
power=90%, a sample size of 24 for each group was



https://jmr.tums.ac.ir/index.php/jmr

Journal of

Modern Rehabilitation

Figure 1. Example of a typical measurement with the spinal mouse

JMR

a: Full Flexion, b: Full Extension

Figure 2. Pulling apparatus set-up

a: An ,S” shape load cell attached on vertical bar for isometric force and endurance measurements; b: An apparatus to assess maxi-
mum static extensor force in sitting; C: The load cell aligning with the midline, superior border of manubrium and subject pulling
trunk maximally.
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Figure 3. Body composition measurements
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a) A Stadiometer Used for Height Measurement, B) A Scale Used for Weight Recording

estimated. The sample size was calculated using Pass11
software (PASS 11. NCSS, LLC, Kaysville, UT, USA).

3. Results

The study sample consisted of two groups of commu-
nity-dwelling older females: 24 hyperkyphosis (mean
kyphosis 54.16+ 2.27 degrees, mean age 65.00 + 4.40
years) and 24 normal (mean kyphosis: 40.00 + 2.43 de-
grees, mean age 63.00 = 4.30 years) (P<0.001). BMI
was greater in the hyperkyphosis group compared to the
normal group, 27.57 £2.94 kg/m? versus 24.94 £1.75 kg/
m2, P=0.001 (Table 1).

None of the thoracic ROM variables differed between
groups (P>0.05). There was no difference in lumbar lor-
dosis (P=0.15), but lumbar extension ROM, total lumbar
ROM, and total spinal ROM were lower in the hyperky-
phosis compared to the normal group (P=0.04, P=0.02,
and P=0.01, respectively). Back extensor strength and
endurance were lower in the hyperkyphosis compared to
the normal group, P<0.001 (Table 1).

Significant correlations were found between thoracic
kyphosis with total lumbar ROM (=—0.30, P=0.03),
total spinal ROM (r=—0.35, P=0.01), back extensor
strength (r=-0.73, P<0.001), and endurance (r=-0.60,
P<0.001) (Table 2). There were no significant correla-
tions between back extensor strength and spinal ROM.
Significant correlations were found between back exten-
sor endurance with total lumbar ROM (r=0.37, P=0.009),
and total spinal ROM (r=0.27, P=0.04) (Table 2).

The results of multiple linear regression analysis indi-
cated that BES (P < 0.001) and BEE (P=0.01) but not
spinal ROM (P=0.16) remained significant contributors
to thoracic kyphosis after adjusting for age, weight, and
BMI (Table 3).

4. Discussion

This $tudy compared spinal ROM in older females
with and without hyperkyphosis and investigated the as-
sociations of spinal ROM, back extensor strength, and
endurance with thoracic kyphosis by multivariate analy-
sis. Older females with hyperkyphosis had significantly
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Table 1. Comparison of variables between groups

Journal of

Modern Rehabilitation

MeantSD
Variables p?
9 I (lower-
Hyperkyphosis (n=24) Normal Group (n=24) Mean Difference (SE) AQSuCp;:r) €
Age (y) 65.00+4.40 63.00£4.30 2.0£1.2 0.67-5.74 0.07
Height (cm) 156.00£4.54 154.08+5.30 1.92+1.42 0.54-5.77 0.07
Weight (kg) 67.87+7.47 59.08+3.82 8.79+1.71 5.34-12.24 <0.001*
BMI (kg/m2) 27.57+2.94 24.94+1.75 2.63£0.69 1.22-4.04 0.001*
Thoracic kyphosis 54.16£2.27 40.0042.43 14.16£0.68 12.80-15.53 <0.001*
(degree)
Lumbar lordosis -35.08+7.31 -31.6249.01 3.45+2.36 822131 0.15
(degree)
Flexion ROM tho- 3.5942.2 6.23%4.5 2.6442.7 -8.05-2.77 0.33
racic (degree)
iz e -12.4448.0 13.2248.12 0.77+2.37 -3.90-5.46 0.74
thoracic (degree)
Total ROM thoracic 16.35£9.00 19.58+10.00 -3.2343.20 9.70-3.24 0.32
(degree)
Flexion ROM lum- 42.51+12.22 47.13+10.41 4614327 11.21-1.98 0.16
bar (degree)
Extension ROM -2.10+1.00 -6.00£3.22 -3.901.65 -0.02-6.65 0.04*
lumbar (degree)
Total ROM lumbar 44.37+12.62 52.41+11.53 -8.0443.5 -15.06--1.01 0.02*
(degree)
Total spinal ROM 60.04+16.16 72.00£16.20 -11.96:4.67 21.27--2.5 0.01*
(degree)
Back extensor 27.11#6.71 41.23+4.88 -14.1241.7 17.53--10.71  <0.001*
strength (kilogram)
Back extensor 151.00£57.93 247.33466.63 -96.33+18.02 -132.100--60.43  <0.001*
endurance (s)

BMI: Body Mass Index; ROM: Range of Motion. *P-value of independent-t-test; *Significant difference between groups.

lower lumbar extension ROM, total lumbar ROM, and
total spinal ROM compared to older females with nor-
mal kyphosis. There were fair associations between
thoracic kyphosis with total lumbar ROM and total spi-
nal ROM, as well as good associations with static back
extensor strength and endurance. However, in multiple
linear regression, after controlling for age, weight, and
BMI, only strength and endurance were significant pre-
dictors of thoracic kyphosis.

Spinal ROM in older females with hyperkyphosis
was lower compared to those with normal kyphosis,
consistent with previous studies reporting lower ROM
of the spine in older females with postural deformities
[7, 9]. Miyakoshi et al. measured spinal ROM (from T4
to LS5) during maximum flexion and extension with ra-
diographs in 157 postmenopausal females ( mean age

69.5 £ 6.6 years). They found lower total spinal ROM
in those with sagittal spine deformities compared with
normal postural alignment [9]. However, only lumbar
kyphosis was associated with spinal ROM. Kasukawa
et al. also found lower lumbar ROM and higher lum-
bar kyphosis (decreased lordosis) in a cross-sectional
study of older adults with a history of falls compared to
non-fallers when comparing spinal kyphotic angles and
spinal ROM in both groups. The findings suggest that
decreased lumbar kyphosis and sagittal spinal inclina-
tion may be important in postural control [19]. Previous
investigators also found that spinal ROM is associated
with health-related QOL (HRQOL) [7] and physical per-
formance [5] in the middle-aged and elderly population.
These findings support the importance of spinal ROM in
the maintenance of HRQOL and physical performance
but may not specifically affect thoracic kyphosis.
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Table 2. The Pearson correlation coefficients for sagittal spinal rom, sagittal spinal alignment, and muscle function

Vari- Thoracic Lumbar Thoracic Thoracic Thoracic Lumbar Lumbar Lumbar Spinal BES BEE
ables Kyphosis Lordosis FROM EROM  TROM FROM EROM  TROM ROM
Thoracic -0.24 -0.18 -0.02 -0.13 -0.19 025  -030%  -0.35% -0.73%** -0.60%**
kyphosis
BES -0.73*** 0.28* 0.10 0.13 0.17 0.20 0.11 0.24 0.24 0.54***
BEE -0.60*** 0.13 0.14 0.08 0.05 0.27* 0.25 0.37** 0.27* 0.54***
JMR

FROM, flexion range of motion; EROM: extension range of motion; TROM: total range of motion; BES: back extensor strength; BEE:

back extensor endurance. * P<0.05, ** P<0.01, ***P<0.001.

The significant association between thoracic kyphosis
and spinal ROM was fair (r=-0.30 to -0.35), whereas the
associations with BES and BEE were good and mod-
erate (r=-0.73, r=-.60, respectively). These results are
consistent with previous studies that report BES as an
underlying cause of age-related hyperkyphosis [20, 21],
and numerous exercise interventions targeting BES and
reported improved thoracic kyphosis [22-24].

Interestingly, in this study, when examining the effect
of spinal ROM, BES, and BEE in a multivariate model,
after adjusting for age, BMI and weight, only BES and
BEE remained significant predictors. Recently, it was
found that thoracic kyphosis is associated with back
extensor muscle strength and endurance [12], and the
current results confirmed these associations in a broader
model, including spinal ROM. The current results dem-
onstrate that both back extensor strength and endurance
have strong positive associations with thoracic kypho-
sis, and only BES had a small but significant associa-
tion with lumbar lordosis. Back extensor endurance was

also associated with measures of lumbar flexion ROM,
total lumbar, and spinal ROM. Therefore although BES
in older females may significantly affect spinal align-
ment by maintaining lumbar lordosis, BEE is associ-
ated with lumbar ROM and total spinal ROM, which
may contribute to the spine’s ability to compensate for
the loss of lumbar lordosis with aging and maintenance
of normal thoracic kyphosis. A recent systematic review
and meta-analysis investigated the effects of combined
spinal strengthening and stretching exercise on sagittal
thoracic and lumbar curvatures of the spine. While the
results suggest that exercise programs may positively
affect thoracic kyphosis curvature, the review suggests
that strengthening could be more relevant than stretching
exercises for kyphosis [25]. Both types of exercise were
important for lordosis, supporting the need for ongoing
investigation of exercises for improving both thoracic
and lumbar spine alignment.

It is plausible that loss of lumbar ROM affects the abil-
ity to distribute forces throughout the spine [19], pro-

Table 3. Multiple Linear Regression Analysis on Thoracic Kyphosis

Standardized coefficients %95 CI
Variables g
Beta Lower bound Upper bound
Lumbar TROM 0.10 -0.11 0.23 0.48
Spinal ROM -0.29 -0.22 0.04 0.16
BES -0.46* -0.58 -0.17 <0.001
BEE -0.29 -0.05 -0.00 0.01
Age -0.10 -0.59 0.25 0.42
Weight 0.13 -0.28 0.55 0.51
BMI 0.13 -0.68 1.42 0.48
h; BEE: Back Extensor Endurance; BMI: Body Mass Index. JVIR

* Higher value of Beta, the most important predictor of thoracic kyphosis
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duce excessive compensation in the thoracic spine, and
encourage the development of hyperkyphosis. It is well
established that there is an overall loss of spinal ROM,
decrease in lumbar lordosis, and increased thoracic ky-
phosis with aging [26], but the causal pathways are not
explicitly defined. Age-related changes in disk height [4,
27] and calcification of the anterior longitudinal liga-
ment [28] are associated with thoracic hyperkyphosis
and can reduce mobility throughout the spine. However,
spinal radiographs were not obtained, which could have
elucidated age-related changes in the spine that explain
these group differences in lumbar ROM despite lumbar
curvature being the same in both groups, consistent with
previous research [29, 30]. Miyakoshi reported that back
extensor strength was the most significant contributor to
the total spinal ROM [6], and longitudinal studies may
be needed to explain whether the group differences in
BES may impact spinal ROM over time.

Standard therapies for age-related hyperkyphosis are
not fully elucidated, and there is limited evidence on the
effects of different exercise regimes on age-related hyper-
kyphosis; thus, applying evidence-based recommenda-
tions is essential. Multiple measures of spinal ROM and
both muscle strength and endurance were included, which
enabled a better understanding of possible targets for fu-
ture intervention. Results suggest back muscle strength,
endurance, and spinal ROM are associated with thoracic
kyphosis. However, only BES and BEE may be the best
targets in the rehabilitation of thoracic hyperkyphosis.

This study has several limitations. It was a cross-sec-
tional study which does not allow us to infer causality.
Spinal imaging was not included, limiting the ability to
explain group differences in spinal ROM. A small sam-
ple of community-dwelling older females was enrolled,
and results are not generalizable for males or other older
adults. There was a group difference in BMI; however,
multiple regression analyses on thoracic kyphosis re-
vealed that back extensor strength and endurance were
significant contributors to thoracic kyphosis, and ad-
justing for BMI did not affect the finding. Lastly, ROM
measurements were limited to the sagittal plane thoracic
and lumbar spine and did not include a hip range of mo-
tion and sacral inclination, which have been implicated
in sagittal alignment.

5. Conclusion

Females with hyperkyphosis had lower spinal ROM
compared to those with normal kyphosis. While thoracic
kyphosis was significantly associated with spinal ROM,
back extensor strength, and endurance, spinal ROM had
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no significant effect on kyphosis in multiple linear re-
gression. These results suggest that back muscle strength
and endurance significantly affect kyphosis and should
be considered in the rehabilitation of older females with
hyperkyphosis.
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