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Abstract
Background: Falls have been strongly associated with decreased physical activity and impaired mobility. Re-

duced range of motion, as a consequence of muscle stiffness, has been indicated to assume a positive relation-
ship to fall incidence. Also clinical observations suggest that maintaining the normal spinal curves is associated
with the prevention of spinal, knee and hip disorders. Thus, the aim of this study was to compare hip and ankle
range of motions and thoracic and lumbar curves between young and old persons

Methods: Using a nonprobability sampling 30 elderly persons at average of 68.14 ±4.03 years of age and 30
young people (age 23.37 ± 2.31 years) through a case – control design participated in the study. Maximal hip
extension and ankle dorsiflexion range of motions were measured by a standard goniometer. Thoracic and lum-
bar curvatures were measured by a flexible ruler in both groups. Independent t test were used to statistically
analyze differences between groups.

Results: Compared with the young group, the elderly group had decreased hip extension and ankle dorsiflex-
ion motions (p<0.01). The result of independent t test showed that the mean of lumbar curve was higher in
young group (31.29± 6.37) than elderly subjects (27.93±8.11) ,however, no significant difference was found
between two groups (p=0.08). The result also showed increasing thoracic curvature with aging (young
group=34.43±13.27, old group= 36.19±8.97), however, no significant difference was found between two groups
(p=0.55).

Conclusion: Findings suggest decreased ankle and hip joint range of motions should be considered in rehabili-
tation of elderly people.
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Introduction
Many investigators have found an associ-

ation between spinal alignment and low
back pain. Low back pain and hip and knee
joints pain are major concerns in the elder-
ly, whose population is increasing (1-3).
Some clinical studies have found an altera-
tion in spinal curves with increasing age.
Altered spinal curves may cause disk de-
generation, radicular pain and vertebral
fractures in the elderly (4,5). Sagittal spinal

curvatures act as a shock absorber. A flat-
tened spine exerts one-fifth the structural
strength compared to a spine with thoraco-
lumbar curves (4). In addition, spinal mo-
bility was proven as an important factor
relating quality of life (6,7). Moreover,
studies have shown hyperkyphosis is asso-
ciated with decreased mobility, poor bal-
ance and greater body sway, which in turn
is correlated with increased risk of falls,
vertebral fractures, chronic back pain and
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functional decline (5,7).
Reduced range of motion, as a natural

consequence of the muscle-tendon unit and
surrounding connective tissue stiffness with
aging has been considered as a major cause
of falls. Some studies have indicated that
reduced range of motion, especially in hip
and ankle joints may increase the risk of
falls (8,9). Gait studies of healthy elderly
have shown decreased walking speed, less
range of motion of the hip, knee, and ankle
joints, and increased anterior pelvis tilt
(9,10).

Muscle –tendon tightness that associated
with aging process especially affect the bi-
articular muscles. Kerrigan et al (8) showed
that elderly fallers are characterized by
marked hip tightness. They also reported an
increase in peak hip extension as a result of
10 week stretching exercises (11). In addi-
tion, studies with older persons have shown
an association between improved flexibility
and increases in activities of daily living
and quality of life (6, 7, 11, 12)

It seems that contractures of bi-articular
muscles of hip, knee and ankle hip flexion
contractures to occur with reduced of phys-
ical activity in elderly(8). Also, the stand-
ing posture depends not only on spinal
alignment but also on hip, knee and ankle
joints alignments (1,3). Therefore, it is im-
portant to explore this issue in the Iranian
elderly. The present study aimed to com-
pare the thoracic and lumbar curves and hip
extension and ankle dorsiflexion range of
motions between old and young persons

Methods
30 healthy old persons over 60 years old

(age range, 63-78 yrs, 16 female, 14 male)
were recruited to participate in this study.
The participants had been living in the fa-
cility care unit and were medically stable
with no evidence of vestibular or neuro-
muscular conditions. All the subjects were
independent in daily living activities no
walking aids. The control group (young
group, n=30) with an average age of 23.37
± 2.31 years was height, weight and sex
matched, with same exclusion criteria. Be-

fore participating in the study, all subjects
signed an informed consent form approved
by the human subjects committee of Uni-
versity of Social Welfare & Rehabilitation
Sciences.

Test procedures
A standard goniometer was used for

measuring passive range of motion of hip
and ankle joints. Each measurement was
repeated twice to allow evaluation of in-
tratester reliability. The right and left lower
extremities were assessed for each partici-
pant .The mean of the two measurements
was considered as the joint motion value.
For the measurement of passive hip exten-
sion the subject lies prone. Relaxed hip ex-
tension angle was measured using a goni-
ometer and defined as the angle between
the horizontal and a line from the greater
trochanter to the lateral femoral condyle
(8). Length of plantar flexors was deter-
mined by measuring the amount of ankle
joint dorsiflexion with the knee extended.
The subject was positioned in the prone
position with the foot hanging off the table
and the subtalar joint maintained in the
neutral position. Dorsiflexion was meas-
ured with a standard goniometer as the an-
gle formed by the lateral midline of the leg
on a line from the head of the fibula to the
tip of the lateral malleolus and the lateral
midline of the foot in line with the border
of calcaneus (13). The average measure-
ment of two trials with 5-second pause be-
tween trials was recorded.

Subject’s spinal curves were assessed us-
ing flexible ruler and the measurement per-
formed with the subject standing in relaxed
posture. For the measurement of spinal
curves, the flexible ruler is placed between
two marked points (T1, T12) vertebrae for
measurement of kyphosis and T12, S2 ver-
tebrae for measurement of lordosis) and
shaped as spinal curves. The flexible ruler
was removed and placed on a piece of
white paper so the spinal curves could be
copied by a pencil along the flexible ruler.
A vertical line was drawn to connect the T1
to T12 and T12 to S2 landmarks (total
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length of curve/L line) and the maximal
width of spinal curvature measured in cen-
timeter (H line). Then using the equation
Ө=4× [arc tang (2H/L)] the degree of spinal
curves were calculated (14).

The data was analyzed using the SPSS
statistical software version 19. Means and
standard deviation were calculated. The
intra-class correlation coefficient (ICC),
two way mixed effect model, and standard
error of measurement (SEM values) were
used to assess intra-tester reliability of the
measurement. We calculated the ICC (3, 1)
as described by Shrout and Fleiss (15), be-
cause only one judge evaluated the same
population of subjects.

Independent t tests were performed to
compare hip extension and ankle dorsiflex-
ion range of motions and thoracic and lum-
bar curves between the young and elderly
persons.

Results
Table 1 presents the ICC and SEM values

for test- retest reliability of the each meas-
urement taken in the pilot study.  ICC val-
ues for the all measurements were greater
than 0.90.

Descriptive statistics for the measurement
scores in two groups presented in Table 2.

The result of independent t test showed
that the mean of lumbar curve was higher
in young group (31.29 ± 6.37) than elderly

ones (27.93 ±8.11), however, no significant
difference was found between two groups
(p= 0.08) (Table 2). The result also showed
increased thoracic curvature with aging
process (young group= 34.43 ± 13.27, old
group= 36.19 ± 8.97), however, no
significant difference was found between
two groups (p= 0.55).

The result of independent t test also
showed that young person’s demonstrated a
significantly higher hip extension (hip flex-
ors length) with ankle dorsiflexion (plantar
flexors length) range of motions than elder-
ly group (p<0.01) (Table 2).

Discussion
Due to increasing elderly population is

worldwide, concern over health problems
and medical and social costs of the elderly
are growing. The data from this study
demonstrated that reduced hip extension
and ankle dorsiflexion occur in elderly
(p<0.01). In agreement with previous stud-
ies (8,10,11,16) the present study showed
that reduced hip extensors or hip flexion
contractures occur in Iranian elderly. There
is a tendency with age to develop contrac-
tures of the hips, because the hip joint is
less often fully stretched due to reduction in
physical activity (10). On the other hand,
the only regular daily activity that extends
the hip to its maximum and thereby stretch-
ing the hip flexors are walking and running

Table1. Intraclass correlation coefficient (ICC) and standard error of measurement (SEM)
values for intratester reliability. (N=10 subjects)

SEMICCVariables
0.870.92Lumbar curve
0.820.90Thoracic curve
1.100.93Hip extension range
1.560.97Ankle dorsiflexion range

Table2. Results of independent t test comparing of hip extension and ankle dorsiflexion (plantar flexors length)
ranges and spinal curves between the young and old groups

Variables (measurement unit) Group (Mean±SD) Mean differences p
young old

Lumbar curve (degree) 31.29±6.37 27.93±8.11 3.36 0.08
Thoracic curve (degree) 34.43±13.27 36.19±8.97 1.76 0.55
Right Hip extension range (degree) 24±4.70 13.6±5.99 3.40 p<0.001
Left Hip extension range (degree) 16.37±3.08 8.72±4.56 9.97 p<0.001
Right Ankle dorsiflexion range (degree) 17.230±3.19 6.57±8.30 10.66 p<0.001
Left Ankle dorsiflexion range (degree) 16.83±3.10 6.86±8.40 10.94 p<0.001

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
24

-0
4-

09
 ]

 

                               3 / 5

http://mjiri.iums.ac.ir/article-1-2355-en.html


Spinal curves and hip and ankle range of motions in elderly

4 MJIRI, Vol. 28.74. 21 July 2014http://mjiri.iums.ac.ir

(10, 15). Thus a decline in these activities
along with aging will contribute to hip
flexors tightness and contracture (10). It
also suggested that hip flexion contractures
or reduced hip extension may lead to an
increase in anterior pelvic tilt and decrease
in stride length and walking speed in elder-
ly people (8,11). A reduction in hip exten-
sion range and stride length may be particu-
larly important in situations requiring rapid
changes in stride length such as, attempting
to change walking speeds rapidly, or when
faced with uneven surfaces or obstacles
(8,16).

The sagittal motion around the hip joint is
achieved by the hip joint itself and by the
support of the lumbar spine (17). In our
measurement of lumbar lordosis, the mean
angle in the old and young group were
27.93±8.11 and 31.29±6.37respectively and
the thoracic mean angle in the old and
young group 36.19±8.97 and 34.43±13.27,
respectively, however these differences
were not significant.

Some studies showed that degenerative
changes of the lumbar spine in middle-aged
and elderly people can lead to decrease in
lumbar lordosis and thoracic kyphosis (1-3
,18). Berlemann et al (19) and Tsuji et al
(2) demonstrated that in elderly people, de-
creasing lumbar lordosis lead to increasing
thigh muscle function and knee flexion
while standing .Offierski and Macnab(3)
and Tsuji et al (2) reported a correlation
between spine and hip joint pain and lum-
bar kyphosis and knee flexion position, re-
spectively. They reported that concurrent
diseases at hip-spine and knee-spine are
common clinical problems in elderly (2, 3).
It also suggested that kyphotic condition
alters balance and increases the incidence
of falling (17,20). The flattening of the
lumbar spine thrusts the old person for-
ward. It increases the load at anterior part
of vertebral body and increases fall risk (4).

Our finding also showed that old people
have decreased length of the calf muscles
(ankle dorsiflexion range) than young peo-
ple. According to previous studies, the old
people had changes in the ankle joint cap-

sule, associated ligaments fascia, the skin
and decreased calf muscles length (21,22).
Aging is known to bring about a loss of
functional motor units, a decrease in the
number and the size of both muscle fibers
(type I, II), with the possibility of selective
atrophy of type II fibers. The reduction in
the number of functional motor units and
muscle fibers may account for the de-
creased muscle mass, strength and extensi-
bility observed for the older people (21).
Gajdosik also showed that the older women
had decreased maximal isometric strength
of the calf muscles (21). Changing calf
muscle function due to decreased length
and strength may have some impact on am-
bulation and static and dynamic standing
balance that warrant further investigation
(21, 22).

Acknowledgements
This work was supported by the Iranian

Research Center on Ageing of the Universi-
ty of Social Welfare and rehabilitation sci-
ences through contract no. 91/801/t/1/
29663.

References
1. Murata Y, Takahashi K, Yamagata M, Ha-

naoka E, Moriya H. The knee-spine syndrome. J
Bone Joint Surg Br. 2003; 85(1):95-9.

2. Tsuji T, Matsuyama Y, Goto M, Yimin Y,
Sato K, Hasegawa Y, Ishiguro N. Knee-spine syn-
drome: correlation between sacral inclination and
patellofemoral joint pain. J Orthop Sci. 2002;
7(5):519-23.

3. Offierski CMO, MacNab I. Hip-Spine syn-
drome. Spine 1983; 8:316-21.

4. Kobayashi T, Takeda N, Atsuta Y, Matsuno T.
Flattening of sagittal spinal curvature as a predic-
tor of vertebral fracture. Osteoporos Int. 2008;
19(1):65-9.

5. Katzman W, Cawthon P, Hicks GE, Vitting-
hoff E, Shepherd J, Cauley JA, Harris T, Si-
monsick EM, Strotmeyer E, Womack C, Kado
DM. Association of spinal muscle composition
and prevalence of hyperkyphosis in healthy com-
munity-dwelling older men and women. J Geron-
tol A Biol Sci Med Sci. 2012; 67(2):191-5.

6. Miyakoshi N, Itoi E, Kobayashi M, Kodama
H. Impact of postural deformities and spinal mo-
bility on quality of life in postmenopausal osteopo-
rosis. Osteoporos Int. 2003; 14(12).

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
24

-0
4-

09
 ]

 

                               4 / 5

http://mjiri.iums.ac.ir/article-1-2355-en.html


A. Nodehi Moghadam, et al.

5MJIRI, Vol. 28.74. 21 July 2014 http://mjiri.iums.ac.ir

7. Ryan SD, Fried LP. The impact of kyphosis
on daily functioning. J Am Geriatr Soc. 1997;
45(12):1479-86.

8. Kerrigan DC, Lee LW, Collins JJ, Riley PO,
Lipsitz LA. Reduce hip extension during walking:
healthy elderly and fallers versus young adults.
Archive of Physical Medicine and Rehabilitation
2001;82:26e30.

9. Rodacki ALF, Souza RM, Ugrinowitsch C,
Cristopoliski F, Fowler NE. Transient effects of
stretching exercises on gait parameters of elderly
women. Manual Therapy 2009;14(2):167-72.

10. Lee lw, Zavarei K, Evans J, Lelas JL, Riley
PO, Kerrigan C. Reduced hip extension in the el-
derly: dynamic or postural. Archive of Physical
Medicine and Rehabilitation, 2005,87:1851-1854.

11. Kerrigan DC, Xenopoulos-Oddsson A, Sulli-
van MJ, Lelas JJ, Riley PO. Effect of a hip flexor-
stretching program on gait in the elderly. Archive
of Physical Medicine and Rehabilitation, 2003;
84:1-6.

12. Stanziano DC, Roos BA, Perry AC, Lai S,
Signorile JF. The effects of an active-assisted
stretching program on functional performance in
elderly persons: a pilot study. Clin Interv Aging.
2009;4:115-20.

13. Piva, S. R, Goodnite EA, and Childs J. D.
Strength around the hip and flexibility of soft tis-
sues in individuals with and without patellofemo-
ral pain syndrome. J Orthop Sports Phys Ther In
Review. 2005.

14. Taheri-Tizabi AA, Mahdavinejad R, Azizi A,
Jafarnejadgero T, Sanjari M. Investigation of sagit-
tal curves of spinal column and establishing the
norm of thoracic kyphosis and lumbar lordosis.
Word J Sport Sci. 2012; 6(1):80-83.

15. Shrout PE, Fleiss JL. Intraclass correlation:
use in assessing rater reliability. Psychol Bull.
1979; 86:420-8.

16. Christiansen CL. The Effects of Hip and An-
kle Stretching on Gait Function of Older People.
Arch Phys Med Rehabil. 2008; 89(8):1421-8.

17. Nonaka H, Mita K, Watakabe M, Akataki K,
Suzuki N, Okuwa T, Yabe K. Age-related changes
in the interactive mobility of the hip and knee
joints: a geometrical analysis. Gait Posture.
2002;15(3):236-43.

18. Choi CJ, Lim HW, Park MK, Cho JG, Im GJ,
Chae SW. Does the kyphotic change decrease the
risk of fall? Clin Exp Otorhinolaryngol. 2011;
4(3):118-21.

19. Berlemann U, Jeszenszky DJ, Bühler DW,
Harms J. The role of lumbar lordosis, vertebral
end-plate inclination, disc height, and facet orien-
tation in degenerative spondylolisthesis. J Spinal
Disord. 1999; 12(1):68-73.

20. Stel VS, Smit JH, Pluijm SM, Lips P
.Balance and mobility performance as treatable
risk factors for recurrent falling in older persons. J
Clin Epidemiol. 2003;56(7):659-68.

21. Gajdosik RL, Vander Linden DW, McNair
PJ, Riggin TJ, Albertson JS, Mattick DJ, Wegley
JC. Slow passive stretch and release characteristics
of the calf muscles of older women with limited
dorsiflexion range of motion. Clin Biomech (Bris-
tol, Avon). 2004;19(4):398-406.
22. Gajdosik RL, Vander Linden DW, McNair

PJ, Williams AK, Riggin TJ. Effects of an eight-
week stretching program on the passive-elastic
properties and function of the calf muscles of old-
erwomen. Clin Biomech (Bristol, Avon)
2005;20:973-83.

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
24

-0
4-

09
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

http://mjiri.iums.ac.ir/article-1-2355-en.html
http://www.tcpdf.org

