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ABSTRACT

Postural changes caused by aging severely affect the functional abilities of older
adults. One of the common postural abnormalities in older adults is increased thoracic kyphosis or hy-
perkyphosis. To determine the contributing factors of hyperkyphosis in older men, the present study
aims to compare the back extensor muscles’ strength, endurance, and ability to regenerate the sense of
force of these muscles between older men with and without hyperkyphosis.
[VETTLE This is a protocol study with a cross-sectional design that will be conducted in spring and sum-
mer of 2025 on 70 Iranian older men aged 60-80 years. After dividing them into two groups with hyper-
kyphosis (n=35) and without hyperkyphosis (n=35), the strength, endurance, and error in regeneration
of back extensor muscles’ sense of force will be measured and compared between them. Independent
t-test or Mann-Whitney U test will be used to determine the differences in study variables between the
two groups. Pearson’s or Spearman’s correlation test will be used to investigate the adjusted associations
: of the back extensor function variables and thoracic kyphosis.
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Introduction

ostural changes caused by aging, espe-
cially in the sagittal plane, severely affect
the functional abilities of older adults. One
of the common postural abnormalities in
older adults is increased thoracic kyphosis or hyperky-
phosis. Although age-related hyperkyphosis primarily
affects older women, a prevalence of 15-40% has been
reported in older men. Older adults with hyperkyphosis
have multiple physical function impairments, including
decreased walking speed, decreased speed going up and
down stairs, difficulty reaching objects, and poor balance.
The function of the back extensor muscles is important
for the health and integrity of the spine. The existence of
a significant relationship between the strength of the back
muscles and the degree of thoracic kyphosis has been
confirmed in most studies. The positive effect of exercise
regimens (strengthening the back extensors) on reducing
the degree of kyphosis in older people with hyperkypho-
sis has also been reported. However, many questions re-
main about its etiology and contributing factors. So far,
most previous studies have focused on older women. The
contributing factors to hyperkyphosis in older men have
not been well studied. Therefore, this protocol study will
compare the strength and endurance of back extensors
and their ability to regenerate the sense of force between
older men with and without hyperkyphosis.

Methods

This is a protocol study with a cross-sectional design
that will be conducted in spring and summer of 2025 on
70 older men aged 60-80 years. They were selected us-
ing a convenience sampling method. Inclusion criteria
were functional independence, the ability to sit, stand,
and walk without assistance, and the need for an assistive
device. The participants will be divided into two equal
groups of patients (n=35) and controls (n=35). Their tho-
racic kyphosis will be assessed using a flexible ruler. The
kyphosis index is calculated as the width divided by the
length of the thoracic curve, multiplied by 100. Also, the
function of the back extensor muscles will be assessed us-
ing a S-shaped load cell device (H3-C3-100kg- 3B-D55,
Zemic, China). To measure the strength of the back ex-
tensor, after explaining the measurement process, each
participant is asked to pull their torso backward for 1-2
seconds and try to pull and maintain the torso backward
for 3-5 seconds with maximum force, and then slowly re-
lease this backward force for 1-2 seconds. The production
force is shown by a digital display. The maximum tensile
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force is recorded three times. The maximum achieved
force is recorded in kilograms as the isometric strength of
the back extensors. To measure muscle endurance, each
person should maintain 50% of their maximum tensile
force. Whenever this force drops below 90% of baseline,
the test is stopped, and the time is recorded. The measure-
ment is repeated three times with 30-second intervals, and
the maximum time is recorded in seconds as the static en-
durance of the back extensors. To assess the sense of force
of the back extensors, 50% of the participants’ maximum
force (obtained during the strength determination phase)
is considered as the target for force reconstruction. Ini-
tially, with visual feedback, subjects are asked to generate
50% of their maximum force and hold it for 5 seconds, fo-
cusing on the amount of force exerted and remembering
it. Then, visual feedback for data recording is removed
and subjects are asked to produce the same amount of
force, notify the experimenter when they reach the tar-
get force, and maintain the contraction for 5 seconds. The
sense of force is described by the indices of absolute er-
ror (AE) and variable error (VE). The AE value is first
calculated by calculating the absolute difference between
the participants’ maximum force in each trial and the pre-
determined target force, and then the average values of
these differences are calculated. The VE value is obtained
by calculating the difference between the maximum force
of the participants in each trial and their average.

The strength, endurance, and error in regeneration of the
back extensors’ sense of force will be compared between
the two groups. Based on the normality of data distribu-
tion, Independent t-test or Mann-Whitney U test will be
used to determine differences between two groups. Pear-
son’s or Spearman’s correlation test will be used to inves-
tigate the adjusted associations of back extensor function
variables and thoracic kyphosis.

Ethical Considerations

This study was approved by the Ethics Committee of
the Shahid Beheshti University of Medical Sciences, Teh-
ran, Iran (Code: IR.SBMU.RETECH.REC.1402.006).
All ethical principles are considered in this study. The
participants are informed about the study objectives and
methods. They were also assured of the confidentiality of
their information and were free to leave the study at any
time, and if desired, the research results would be avail-
able to them.
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