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Abstract. Introduction. Reference database for lumbar spine range of motion (ROM) may serve as rehabilitation
outcome tool and also help to recognize decreased spinal ROM that may impede sport participation and performance in
athletes. This study aimed to establish normative values and determinants of lumbar spinal ROM in athletes and nonathletes undergraduates. Materials and Methods. 240 (120 athletes and 120 non-athletes) university undergraduates
whose ages ranged between 18 and 37 years volunteered for the study. The athlete group were recruited from the judo,
taekwondo, football and basketball teams of the university. Dual inclinometric technique was used to measure spinal
ROM in forward flexion (FF), extension (Ext), right lateral flexion (RLF) and left lateral flexion (LLF). Data was
analyzed using descriptive and inferential statistics at 0.05 alpha level. Results. The athletes and non-athletes were
comparable in age (p=0.787). The mean value for FF, Ext, RLF and LLF was 49.4+11.3˚, 19.8+9.51˚, 18.0+10.8˚ for
athletes and 17.7+5.25˚; and 40.7+13.12˚, 15.7+8.04˚, 18.3+7.26˚ and 15.5+5.17˚ for non-athletes respectively. Athletes
had significantly higher FF, Ext and LLF (p<0.05). Spinal ROMs were higher among female athletes and non-athletes
compared with their male counterparts (p<0.05). There was a significant difference in FF (p=0.009) and LLF (p=0.010)
among the different sport types. Significant correlations were found between limb length and each of FF (r = -0.338, p
= 0.001) and Ext (r = -0.248, p = 0.006) among athletes, while there was a significant correlation between FF and body
weight (r = 0.605, p = 0.040) among non-athletes. Conclusion. Lumbar spine flexibility was significantly greater in
athletes than non-athletes. Both athlete and non-athlete females had higher lumbar spine flexibility than their male
counterparts. Degree of forward and left lateral flexion seems to have sport-specific propensity. Limb length and body
weight were determinants of lumbar spine flexibility.
Key words: athletes, dual inclinometer, non-athletes, normative data, spinal flexibility.

Introduction
Assessment of lumbar spine flexibility aids in
determining level of spinal pathology, choice of
treatment and in knowing patient response to
treatment (1, 2). In order to adequately manage
impairment resulting from loss of spinal
flexibility, objective examination of spinal range
of motion (ROM) is essential in planning and
assessing treatment progress (3). Any structural or
functional impairment in the extremity can be
recognized by comparing the affected extremity
with the unaffected but such inherent control is
not obtainable in health-related physical
performance evaluation of the trunk (4, 5).
Consequently, comparing the flexibility test result
of patients with reference data of healthy subjects
may help identify the extent of impairment and
also serve as a benchmark for rehabilitation.
However, lack of reference values is a major

limitation in the assessment of lumbar spine
flexibility. Therefore, normative data for lumbar
spine ROM using valid and reliable measurement
techniques are important. Clinical measurement
methods and techniques for assessing spinal ROM
include visual estimation (6, 7), finger-to-floor
distance (8), sit-and-reach measurements (9,10),
standard or modified Schober methods (8, 11), the
use of devices such as flexicurves (12, 13),
protractors and goniometers (14, 15) and
inclinometers (16-19). The lumbar spine ROM
assessment techniques and tools that were used in
most previous studies are believed to be
impracticable and not feasible for clinical use.
The American Medical Association (AMA)
Guides specifically recommend the use of an
inclinometer as the preferred device for measuring
lumbar spine ROM (20).

Assessment and determinants of lumbar flexibility in athlete and non-athlete university undergraduates
Adebimpe O. Obembe & all

2036
The inclinometric technique has been found to be
valid and reliable; and could measure and
differentiate movements of the hip from those of
the lumbar spine (6, 16, 19, 20).
Flexibility of the lumbar spine is influenced by
many factors which may exhibit mutual
association with each other.
Significant relationships have been reported
between spinal ROM and each of age (14, 21-23),
gender (21-23), occupation (24, 25), specific time
of day because of loss of height of the intervertebral discs (26), racial and population
differences (27, 28), presence of lumbar pain (29,
30) and participation in sports (31, 32).
Trudelle-Jackson et al (28) summarized that
spinal ROM varies with age, gender, and possibly
race/ethnicity, but adequate normative values for
different age and racial/ethnic groups do not exist.
Furthermore, database on spinal ROM in
apparently healthy individuals may not be
extrapolated to the athletic population.
This study aimed to establish normative values
and determinants of lumbar spinal flexibility in
athlete and non athlete undergraduates from a
Nigerian university.
Material and Method
A total of 240 (120 athletes and 120 non-athletes)
individuals aged between 18 and 37 years were
recruited for this study.
The ethical approval for the study was obtained
from the Obafemi Awolowo University Teaching
Hospitals Complex Ethics and Research
Committee. The athlete group were recruited from
the judo, taekwondo, football and basketball
teams of the university.
A consenting individual was considered to be an
athlete if he/she practiced a sporting activity
regularly, consisting of a minimum of six hours of
training per week.
An individual was considered to be a non-athlete
if he/she did not regularly practice any sporting
activity.
Both athletes and non-athletes were students
recruited largely from the departments of Physical
and Health Education and Medical Rehabilitation
at the Obafemi Awolowo University (OAU), IleIfe, Nigeria.
Participants were screened via interview to ensure
that they satisfied the selection criteria for the
study. Exclusion criteria were a history of
asymptomatic LBP for a minimum of 6 months as
at the time of the study, any obvious spinal
deformity or neurological disease, any evidence of

pregnancy, any disability limiting the capacity to
exercise and a history of cardiovascular diseases
contraindicating to exercise.
The study was carried out at the gymnasium of the
department of Physical and Health Education,
OAU.
Anthropometric measurements taken from all
participants included height, weight, body mass
index (BMI), limb length (LL) and trunk length
(TL).
Height was measured to the nearest 0.1cm with a
height meter (Seca Model 220 CE, Germany). The
participant stood barefooted on the platform of the
scale looking straight ahead while the horizontal
bar attached to the height meter was adjusted to
touch the vertex of the head.
Weight was measured nearest to the 0.1Kg on a
weighing scale (Seca Model 7621019009 CЄ,
Vogel & Halke, Germany) with the participant in
minimal clothing, barefoot and standing in an
erect posture looking straight ahead.
LL was measured by taking the distance between
the anterior superior iliac spine and the sole of the
foot with the participant in an erect position.
TL was measured by taking the distance from the
anterior superior iliac spine to the acromion
process with the participant in an erect position.
BMI was calculated by dividing weight in
kilograms by height in metres squared.
Dual inclinometric technique was used in the
assessment of lumbar spine ROM in flexion,
extension, right and left lateral flexion. The
assessment procedure was explained and
demonstrated to each consecutive participant at
inclusion. Prior to the test, the participants were
asked to warm up for 3 minutes by stretching their
backs and hamstrings before the commencement
of the measurements.
Measurements were carried out with the universal
inclinometer (AMP model 031434, Delhi India)
calibrated from 0 to 360 degrees following the
guidelines provided in the American Medical
Association (AMA) Guides (20). The mean of
three consecutive movements was used in the
final analysis to determine lumbar spine ROM.
Forward flexion and extension measurement. The
upper edge of the sacrum (S1 vertebra) and the
lower edge of the T12 vertebra were palpated on
the participants in a standing position. The middle
of the platform of the first inclinometer was
placed on the sagittal plane of the spinous process
of T12, and the second inclinometer placed on the
sagittal plane of the spinous process of S1 and
lumbar range of motion (LROM) was determined
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in degrees using the technique described by Loebl
(33).
In neutral position, the participants were asked to
stand erect with their hands hanging without any
effort toward the ground and the inclinometers
zeroed. From this position, the participants were
then asked to flex forward as far as possible with
their knees straight.
The readings on the two inclinometers were taken.
The reading on the first inclinometer was the total
lumbar flexion and that on the second
inclinometer, the total sacral flexion. To get the
true LROM, the reading of the lower inclinometer
was subtracted from that of the upper
inclinometer.
The flexion protocol was repeated for extension
by having the participants extend back for full
extension instead of flexing forward. The readings
were taken.
The procedure was performed three times for both
forward flexion and extension (6, 20).
Lateral flexion measurement. The inclinometers
were placed next on the frontal planes of the both
the S1 and T12 vertebrae so that the bases of the
inclinometers line up with the lines drawn at these
planes. The T12 inclinometer was held upside
down and not pressed against the back, so that the
gravity dependent pendulum swings freely. The
two inclinometers were then zeroed.
The participants were then asked to stand erect
facing a wall with nose nearly touching the wall.
This position kept the participants from bending
forward during lateral flexion measurements. The
participants were asked to laterally flex to the
right by running their right hands down the lateral
thigh towards the right knee. The readings were
then taken from the two inclinometers.
The difference between the T12 and the S1
inclinometers gave the true right lateral flexion
value. The right lateral flexion procedure was
repeated for left lateral flexion by having the
participants bend left instead of bending to the
right. The readings were taken again. The
procedure was performed three times for both left
and right lateral flexions (6, 20).
Data analysis. Data were summarized using the
descriptive statistics of mean and standard
deviation. Inferential statistics of Independent ttest, One-Way Analysis of Variance (ANOVA)
and Pearson's product moment correlation
analysis were used. The alpha level was set at
0.05. The data analysis was carried out using
SPSS 16.0 version software (SPSS Inc., Chicago,
Illinois, USA).

Results
The mean age of all the participants was
22.8+2.85years. Comparison of the general
characteristics between athletes and non-athletes
is presented in table I. Both groups were
comparable in their physical characteristics
(p>0.05) except for significant higher height
(p=0.009) and limb length (p=0.007) among the
athletes.
Table II presents the independent t-test
comparison of the spinal flexibility between
athletes and non-athletes. There was no significant
difference between right lateral flexion of athletes
and non-athletes (p>0.05). However, significant
differences were observed in the forward flexion
(p=0.001), extension (p=0.001) and left lateral
flexion (p=0.004) between athletes and nonathletes. The summary of the One-way ANOVA
comparing the physical characteristics and lumbar
spine ROMs across different sport types is
presented in table III. There were significant
differences in the physical characteristics
compared by sport types. There was however
significant difference in forward flexion
(p=0.009) and left lateral flexion (p=0.010)
among the different sport types. The mean scores
and percentile data for spinal flexibility of nonathletes and athletes are presented in tables IV and
V respectively. Percentile cut-points were used to
define flexibility scores as poor (less than 25th
percentile), medium (scores between 25th and 75th
percentile), high (scores between 75th and (95th
percentile) and very high (greater than 95th
percentile). Table VI presents the Pearson’s
correlation between lumbar spine flexibility of
athletes and the individual factors. Significant
correlations were found between limb length and
each of forward flexion (r = -0.338, p = 0.001)
and extension and (r = -0.248, p = 0.006). There
was also a direct correlation between extension
and right lateral flexion (r = 0.321, p = 0.001)
Table VII presents Pearson’s correlation between
lumbar spine flexibility of non-athletes and the
individual factors. There was a significant direct
correlation between forward flexion and weight (r
= 0.605, p = 0.040). Extension was significantly
correlated with each of
forward flexion (r =
0.184, p = 0.044) and right lateral flexion (r =
0.276, p = 0.002). Right lateral flexion also
correlated weakly with left lateral flexion (r =
0.385, p = 0.001). Left lateral flexion correlated
negatively with height (r = -0.248, p = 0.006) and
limb length (r = -0.198, p = 0.03) respectively.
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Table I. Independent t-test comparison of the general characteristics
between athletes and non-athletes
______________________________________________
Athletes
Non-athletes
(n=120)
(n=120)
Variables
X +S.D
X +S.D
t
p-value
________________________________________________________________
Age (yrs)
22.7+2.87
22.9+4.18
0.270
0.787
Weight (kg)
67.8+10.44
65.1+13.39
-1.720
0.087
BMI (kg/m2)
23.0+5.16
22.9+4.89
-1.58
0.875
Trunk length (m)
0.7+0.07
0.7+0.07
-1.141
0.255
Limb length (m)
1.0+0.07
1.0+0.077
-2.731
0.007*
Height (m)
1.7+0.11
1.7+0.10
-2.624
0.009*
________________________________________________________________
Key: BMI = Body Mass Index; * p is significant at ≤ 0.05

Table II. Independent t-test comparison of spinal flexibility between
athletes and non-athletes
___________________________________________________________________
Athletes
Non-athletes
(n=120)
(n=120)
Variables
X +S.D
X +S.D
t
p-value
___________________________________________________________________
FF (˚)
49.4+11.31
40.7+13.12
-5.480
0.001*
EXT (˚)
19.8+9.51
15.7+8.04
-3.627 0.001*
RLF (˚)
18.0+10.81
18.3+7.26
0.201 0.841
LLF (˚)
17.7+5.25
15.5+6.17
-2.917 0.004*
___________________________________________________________________
Key: FF = Forward Flexion; EXT = Extension; RLF = Right Lateral Flexion;
LLF = Left Lateral Flexion, (˚) = degrees; * p is significant at ≤ 0.05

Table III. One-Way ANOVA and Post-Hoc LSD comparison of general characteristics
and spinal flexibility according to sport type
_________ _____________________________________________________________________________________
Judo
Football
Basketball
Taekwondo
F-ratio
p-value
N = 30
N = 30
N = 30
N = 30
Variables
X +S.D
X +S.D
X +S.D
X +S.D
_______________________________________________________________________________________________
Age (yr)
23.2 + 3.26
22.9 + 2.98
22.9 + 3.14
21.9 + 1.86
1.194
0.315
Weight (kg)
70.0 + 11.83a
67.8 + 7.10 a
73.3 + 9.93b
63.0 + 10.11c
5.556
0.001*
2
BMI (kg/m )
23.3 + 4.22
22.6 + 2.30
24.2 + 8.74
22.1 + 2.67
0.923
0.432
Trunk length (m)
0.7 + 0.05
0.7 + 0.09
0.7 + 0.14
0.7 + 0.04
1.141
0.336
Limb length (m)
1.0 + 0.05a
1.0 + 0.06a
1.1 + 0.07b
1.0 + 0.05a
8.174
0.001*
Height (m)
1.7 + 0.09
1.7 + 0.06
1.8 + 0.17
1.7 + 0.08
3.994
0.010*
FF (˚)
53.7 + 12.13a
50.0 + 9.19 b
44.1 + 10.89c
49.9 + 11.18b 4.005
0.009*
EXT (˚)
19.7 + 11.77
19.4 + 8.65
17.7 + 7.35
22.5 + 9.59
1.329
0.268
RLF (˚)
18.4 + 5.83
17.7 + 19.08
16.3 + 4.86
19.8 + 7.14
0.535
0.659
a
a
a
b
LLF (˚)
16.5 + 5.61
17.6 + 4.32
16.4 + 4.86
20.3 + 5.38
3.947
0.010*
a,b,c
* p is significant at ≤ 0.05. Superscripts ( )
For a particular variable, mode means with different superscript are significantly (p<0.05) different. Mode means with same
superscripts are not significantly (p>0.05) different. The pair of cell means that is significant has different superscripts.

Table IV. Baseline mean score and percentile data of spinal flexibility of non-athletes
Gender
FF

EXT

RLF

LLF

M
F
(M +F)
M
F
(M+F)
M
F
(M+F)
M
F
(M+F)

N

X + S.D

59
38.9 + 11.70
61 14.74 + 14.21
120 40.7 + 13.12
59 14.74 + 9.52
61 16.7 + 6.21
120 15.7 + 8.04
59 16.6 + 7.90
61 19.9 + 6.23
120 18.3 + 7.26
59
14.2 + 5.08
61 16.9 + 6.85
120 15.5 + 6.17

minimum 25th percentile
18.67
11.67
11.67
3.67
4.67
3.67
4.67
6.67
4.67
2.00
4.00
2.00

30.00
30.67
30.00
9.00
12.67
10.33
10.33
16.17
12.84
10.33
12.33
11.42

median
38.33
43.00
40.00
12.00
15.33
14.33
15.33
20.00
18.33
14.33
15.67
15.00

75thpercentile
46.67
53.17
50.83
17.67
21.00
19.83
21.67
24.50
22.33
17.67
21.34
19.67

95th percentile maximum
59.67
63.64
62.00
32.67
29.10
30.60
29.00
29.97
29.67
22.00
31.40
26.26

65.00
71.67
71.67
66.00
34.33
66.00
52.00
33.00
52.00
22.35
37.33
37.33

Key: FF = Forward Flexion; EXT = Extension; RLF = Right Lateral Flexion; LLF = Left Lateral Flexion; BMI = Body Mass Index;
G = Gender;
M = Male; F = Female
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Table V. Baseline mean score and percentile data of spinal flexion of athletes
Minimum 25th percentile Median 75th percentile 95th percentile

Maximum

48.5 + 12.03
51.9 + 8.85
49.4 + 11.31

16.67
37.67
16.67

42.00
45.50
42.50

47.67
50.00
48.67

56.00
58.33
56.92

72.13
71.43
71.23

78.67
71.67
78.67

M
87
F
33
M+F 120

18.7 + 7.92
22.8 + 12.48
19.8 + 9.52

5.33
8.33
5.33

12.33
14.00
13.08

17.67
20.67
18.33

22.00
28.50
23.50

35.07
51.03
39.16

42.67
69.00
69.00

M
F
M+F
M
F
M+F

17.2 + 11.76
20.3 + 7.43
18.0 + 10.81
18.6 + 4.78
15.4 + 5.76
17.7 + 5.25

4.67
7.00
4.67
5.00
3.00
3.00

12.67
14.67
12.67
16.00
11.00
13.33

16.33
20.33
16.67
18.84
14.23
18.00

19.67
24.00
21.00
22.33
19.67
21.00

25.93
36.23
29.60
26.00
27.77
26.00

115.00
38.33
115.00
29.67
30.33
30.33

Gender

N

X +S.D

87
33
120

FF
M
F
M+F
EXT

RLF

LLF

87
33
120
87
33
120

Key: FF = Forward Flexion; EXT = Extension; RLF = Right Lateral Flexion; LLF = Left Lateral Flexion;
BMI = Body Mass Index; G = Gender; M = Male, F = Female

Table VI. Correlation matrix between lumbar spine flexibility of athletes and individual factors

Age
Wt
TL
Ht
BMI
LL
FF
EXT
RLF
LLF

Age
Wt
TL
(yrs)
(kg)
(m)
1.000
0.260* 1.000
0.004
0.201* 0.285* 1.000
0.028
0.002
0.141
0.456*
0.821*
0.124
0.001
0.001
0.056
0.453* -0.639*
0.541
0.001
0.001
0.003
0.440*
0.216*
0.975
0.001
0.018
-0.002
-0.150
-0.004
0.983
0.103
0.969
-0.093 -0.011
-0.093
0.312
0.908
0.315
-0.041
-0.122
-0.081
0.656
0.184
0.380
0.023
0.104
-0.055
0.804
0.106
0.554

Ht
(m)

B MI
(kg/m2)

LL
(m)

FF
(˚)

EXT
(˚)

RLF
(˚)

LLF
(˚)

1.000
-0.527* 1.000
0.001
0.734 -0.143
0.001
0.120
-0.200
-0.032
0.028
0.731
-0.029* 0.113
0.022
0.220
-0.090
-0.040
0.326
0.866
0.001
0.118
0.999
0.202

1.000
-0.338*
0.001
-0.248*
0.006
-0.058
0.526
0.065
0.481

1.000
0.142
0.122
-0.024
0.792
-0.116
0.207

1.000
0.321*
0.001
0.153
0.096

1.000
0.099
0.282

1.000

Wt- weight; TL- trunk length; Ht- height; LL- limb length; FF- forward flexion; Ext- extension; RLF- right lateral flexion;
LLF- left lateral flexion; * p is significant at ≤ 0.05

Table VII. Correlation matrix between lumbar spine flexibility of non-athletes and individual factors
Age
(yrs)
Age
Wt
TL
Ht
BMI
LL
FF
EXT
RLF
LLF

1.000
0.260*
0.201*
0.141
0.056
0.003
0.975
-0.002
0.983
-0.093
0.312
-0.041
0.656
0.023
0.804

Wt
(kg)

TL
(m)

Ht
(m)

BMI
(kg/m2)

LL
(m)

FF
(˚)

EXT
(˚)

RLF
(˚)

1.000
0.004
0.285* 1.000 0.028
0.002
0.456* 0.821* 1.000
0.124 0.001
0.001
0.453*
-0.639* -0.527* 1.000
0.541 0.001
0.001 0.001
0.440* 0.216* 0.734 -0.143 1.000
0.001
0.018
0.001 0.120
-0.150 -0.004 -0.200 -0.032 -0.338* 1.000
0.103
0.969
0.028 0.731
0.001
-0.011 -0.093 -0.029* 0.113
-0.248* 0.142 1.000
0.908
0.315
0.022 0.220
0.006 0.122
-0.122
-0.081 -0.090 -0.040 -0.058 -0.024 0.321*
1.000
0.184
0.380
0.326 0.866
0.526 0.792 0.001
0.104
-0.055 0.001 0.118
0.065 -0.116 0.153
0.099
0.106
0.554
0.999 0.202
0.481 0.207 0.096
0.282

LLF
(˚)

1.000

Key: Wt- weight; TL- trunk length; Ht- height; BMI- body mass index; LL-limb length; FF- forward flexion; EXT- extension; RLF- right lateral
flexion; LLF- left lateral flexion; * p is significant at ≤ 0.05
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Discussion
This study established normative values and
determinants of lumbar spinal flexibility in athlete
and non-athlete undergraduates from a Nigerian
university. The non-athletes had mean values of
40.7+13.12˚,
15.7+8.04˚,
18.3+7.26˚
and
15.5+5.17˚ for forward flexion, extension, right
lateral flexion and left lateral flexion respectively.
These values are within the range of 40-60˚, 2035˚ and 3-18˚ for forward, extension, left and
right lateral flexions proposed by Magee (34) for
apparently healthy individuals. On the other hand,
the athletes had mean values of 49.4+11.3˚,
19.8+9.51˚, 18.0+10.8˚ and 17.7+5.25˚ for
forward flexion, extension, right lateral flexion
and left lateral flexion respectively. The results of
this study indicate that athletes had higher lumbar
spine flexibility values than non-athletes.
Therefore, normative data on lumbar spinal
flexibility among apparently healthy individuals
may not be suitable as reference data in the
rehabilitation of athletes with spinal impairments.
Mbada et al (5) submitted that empirical data on
trunk strength and spinal mobility in healthy
athletes may help identify those athletes at risk for
future injury, to predict physical performance
capabilities, pre-participation physical assessment
and in monitoring rehabilitation outcomes.
However, only few studies have documented
normative values for lumbar spinal ROM in
athletes (31, 32, 35). Chertman et al (35) in a
study on lumbar range of movement in healthy
athletes and non-athletes reported that individuals
who practice sports present higher values in trunk
flexion than non-athletes. Furthermore, Strong
and Titlow (36) found better sagittal back motion
in athletes compared with non-athletes.
From this study, significant differences were
found in forward and left lateral flexion among
participants in different sports. Higher forward
flexion was found among Judo practitioners while
basketball players had the least forward flexion
values. On the other hand, taekwondo
practitioners had higher left lateral flexion
compared with judokas, footballers and basketball
players respectively. Athletes in different sports
are reported to have varying flexibility profiles
and thus varying flexibility needs in order to
avoid injuries (37-39). The degree of spinal
flexibility among athletes is enhanced by sports
type (37-39) and by internal and external factors
(40). Elite sporting activity is known to produce
significant compressive forces often in positions
involving end range of motion (41). Generally,
level of flexibility in athletes relate to level of

preparation and training in sports (37-39). The
higher the qualification requirement for a sport
type the greater the mobility of the athlete.
However, the result of this study revealed no
significant difference in extension ROM among
practitioners of different sports. This finding was
similar to the result of a study by Mbada et al (5)
where no significant difference was found in the
active lumbar extension ROM across different
sport types in male collegiate sportsmen.
This present study presents a gender-reference
mean scores and percentile data for spinal
flexibility
of
non-athletes
and
athletes
respectively. Percentile cut-points were used to
define flexibility scores as poor (less than 25th
percentile), medium (scores between 25th and 75th
percentile), high (scores between 75th and (95th
percentile) and very high (greater than 95th
percentile). From the results, higher spinal
flexibility values were found among the female
participants except for the mean values for
forward and left lateral flexion in non-athletes.
Generally, greater trunk flexibility has been
reported among female than male subjects (4244). Anatomical, morphological and physiological
variations have been implicated for the difference
in flexibility between the sexes (2, 42-46).
The gender-reference cut-points of forward
flexion, extension, right lateral flexion and left
lateral flexion established in this study could be
used to identify decreased spinal flexibility among
athletes and non-athletes; and also facilitate in
monitoring the effect of rehabilitation. Low spinal
mobility condition is believed to limit normal
joint kinematics and thereby predisposing an
athlete to joint instability and/or injury. Therefore,
empirical assessment of spinal ROM in athletes
by physicians, physiotherapist and trainers may
help in identifying the potential risk factors, aid
injury prevention and inform appropriate training
and rehabilitation (5). Bandy and Reese (47)
submitted that increasing spinal flexibility may in
turn improve the back muscles' and ligaments'
responses to athletic demands.
The result of this study shows no significant
correlation between age and each of forward
flexion, extension, right lateral and left lateral
flexion in both athlete and non-athlete groups.
This finding of no significant relationship was
consistent with a previous report by Mellin and
Doussa (48) but at variance with other studies
(21-23, 49). It is adduced that the no significant
age influence on lumbar spine flexibility observed
in this study may be as a result of the small age
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range of the participants. Furthermore, from this
study, anthropometrical variables such as height
and limb length were significant determinants of
forward flexion among athletes only.
Conclusion
Lumbar spine flexibility was significantly greater
in athletes than non-athletes. Both athlete and
non-athlete females had higher lumbar spine
flexibility than their male counterparts. Degree of
forward and left lateral flexion seems to have
sport-specific propensity. Limb length and body
weight were determinants of lumbar spine
flexibility.
References
1. Moskowitz
RW.
(1975).
Clinical
Rheumatology;
A
Problem
Oriented
Approach. Philadelphia, PA, Lea & Febiger,
pp 7-21.
2. Moll JMH, Liyanage SP, Wright V. (1972).
An objective clinical method to measure
spinal extension. Rheumatology and Physical
Medicine 11:293-312.
3. Rothstein JM. (1985). Measurement in
physical therapy. Churchill Livingstone, New
York.
4. McIntosh G, Wilson L, Affieck M, Hall H.
(1998). Trunk and lower extremity muscle
endurance: normative data for adults. Journal
of Rehabilitation Outcomes Measurements. 2:
20—39.
5. Mbada CE, Adedoyin RA, Okonji MA,
Johnson OE, Awotidebe TO (2011). Normal
values for back extensor muscles strength and
lumbar extension range of motion in healthy
university sportmen. Medicina Sportiva; 7(3):
1617-1623.
6. Yeoman SG. (2000). Spinal range of motion:
Is this a valid form of outcome assessment.
Chapter 14. In The Clinical application of
outcome assessment; pp 185-224
7. Youdas JW, Carey JR, Garret TR. (1991).
Reliability of measurements of cervical range
of motion – comparison of three methods.
Phys Ther; 71: 98-104.
8. Macrae IF, Wright V (1969). Measurement of
back movement. Ann Rheum Dis; 28(6):584–
589.
9. Christine W, Julie R, Denys F, Shannon L.
(1999). Comparison of standard and modified
sit-and-reach tests in college students. Spring,
1999, I.A.H.P.E.R.D. Journal.
10. Hoeger WWK and Hoeger SA (2008). The
Assessment of Muscular Flexibility: Test
Protocols and National Flexibility Norms for
the Modified Sit-and-Reach Test, Total Body
Rotation: A Personalized Programme.
Belmont, CA: Wedsworth/Thomson .

11. Moll JM and Wright V. (1971). Normal
range of spinal mobility. An objective clinical
study. Ann Rheum Dis; 30(4): 381–386.
12. Anderson JAD, Sweetman BJ (1975). A
combined flexi-rule/hydrogoniometer for
measurement of lumbar spine and its sagittal
movement. Rheumatol Rehabil; 14:173-179
13. Burton AK, Tillotson KM, Troup JDG (1989).
Variation in lumbar sagittal mobility with
low-back trouble. Spine; 14:584-590
14. Fitzgerald GK, Wynveen KJ, Rheault W
(1983).
Objective
assessment
with
establishment of normal values for lumbar
spinal range of motion. Phys Ther; 63:17761781.
15. Alaranta H, Hurri H, Heliovaara M, Soukka
A, Harju R (1994). Flexibility of the spine:
Normative values of goniometric and tape
measurements. Scand J Rehab Med; 26:147154.
16. Mayer TG, Tencer AF, Kristoferson S,
Mooney V (1984). Use of noninvasive
techniques for quantification of spinal range
of motion in normal subjects and chronic low
back dysfunction patients. Spine; 9: 588-595.
17. Gill K, Krag MH, Johnson GB, Haugh LD,
Pope MH (1988). Repeatability of four
clinical methods of assessment of lumbar
spine motion. Spine; 13:50-53.
18. Alaranta H, Hurri H, Heliovaara M, Soukka
A, Harju R. (1994). Non-dynamometric trunk
performance tests: Reliability and normative
data. Scand J Rehabil Med. 26:211-5.
19. Saur P, Ensink F, Frese K, Seeger D,
Hildebrandt J. (1996). Lumbar range of
motion: reliability and validity of the
inclinometer
technique
in
clinical
measurement of trunk flexibility. Spine; 21:
219-224.
20. American Medical Association (1993). Guides
to the Evaluation of Permanent Impairment.
4th ed. Chicago, IL: American Medical
Association; pp. 112-30.
21. Sullivan MS, Dickinson CE, Troup JD.
(1994): The influence of age and gender on
lumbar spine sagittal plane range of motion: a
study of 1126 healthy subjects. Spine; 19:682–6.
22. McGregor AH, McCarthy ID, Hughes SP.
(1995): Motion characteristics of the lumbar
spine in the normal population. Spine;
20:2421–8.
23. Van Herp G, Rowe P, Salter P, Paul JP.
(2000). Three-dimensional lumbar spinal
kinematics: a study of range of movement in
100 healthy subjects aged 20 to 60+ years.
Rheumatology (Oxford); 39:1337–40.
24. Troke M, Moore AP, Maillardet FJ, Cheek E.
(2001). A new, comprehensive normative
database of lumbar spine ranges of motion.
Clin Rehabil; 15:371–9

Medicina Sportiva

Assessment and determinants of lumbar flexibility in athlete and non-athlete university undergraduates
Adebimpe O. Obembe & all

2042
25. Lis AM, Black KM, Korn H, Nordin M.
(2007). Association between sitting and
occupational LBP. Eur Spine J; 16, 2: 283298.
26. Ensink FB, Saur PM, Frese K, Seeger D,
Hildebrandt J. (1996). Lumbar range of
motion: influence of time of day and
individual factors on measurements. Spine
(Phila Pa 1976); 21(11):1339-43.
27. Spieler EA, Barth PS, Burton JF, Jr, et al.
(2000). Recommendations to guide revision of
the guides to the evaluation of permanent
impairment. American medical association.
JAMA; 283:519–23.
28. Trudelle-Jackson E, Fleisher LA, Borman N,
Morrow JR, Frierson GM. (2010). Lumbar
Spine Flexion and Extension Extremes of
Motion in Women of Different Age and
Racial Groups. Spine (Phila Pa, 1976); 35(16):
1539-1544
29. Thomas E, Silman AJ, Papageorgiou AC,
Macfarlane GJ, Croft PR (1998). Association
between measures of spinal mobility and low
back pain. An analysis of new attenders in
primary care. Spine; 23(3):343-7.
30. Djurasovic M, Glassman SD. (2007).
Correlation of radiographic and clinical
findings in spinal deformities. Neurosurgery
Clinics of North America; 18(2): 223–227.
31. Kibler WB & Chandler TJ. (2003). Range of
motion in junior tennis players participating in
an injury risk modification program. J Sci
Med Sport; 6: 51-62.
32. Rashad AK and El-Agamy MI (2010).
Comparing Two Different Methods of
Stretching on Improvement Range of Motion
and Muscular Strength Rates. World Journal
of Sport Sciences; 3 (4): 309-315.
33. Loebl WY. (1967). Measurement of spinal
posture and range of spinal movement. Ann
Phys Med; 9:103-10.
34. Magee D. (1992). Lumbar spine. In:
Orthopaedic physical examination (ed. Biblis,
M.) pp. 247 – 307. Saunders & Co.
35. Chertman C, dos Santos HMC, Pires L,
Wajchenberg M, Martins DE, Puertas EB.
(2010). A comparative study of lumbar range
of movement in healthy athletes and nonathletes. Rev. Bras. Ortop; 45(4):389-394.
36. Strong LR, Titlow L (1997). Sagittal back
motion of college football athletes and
nonathletes.
Spine
(Phila
Pa
1976);1;22(15):1755-9.
37. Rusu AM, Avram C, Hoble LD (2011). Role
of muscular performance evaluation for injury
prevention in rugby players. Medicina
Sportiva; VII (3): 1624 – 1628.

38. Joseph J, Connie L, Bruce HJ, John McA H,
Linda Vaughan (1991). Preseason strength
and flexibility imbalances associated with
athletic injuries in female collegiate athletes.
The American Journal of Sports Medicine;
19(1):76-81.
39. Pfeiffer RP and Mangus BC (1998). Concepts
in athletic training (2nded). Sundbury, MA:
Jones and Bartlett Publishers.
40. Castella R., Clews , Smart Sport (1996). The
Ultimate Reference Manual For Sports
People; RWM Publishing
41. Hosea TM, Gatt CJ, McCarthy KE, Langrana
NA, Zawadsky JP. (1989). Analytical
computation of rapid dynamic loading of the
lumbar spine. Trans Orthop Res Soc; 14:358.
42. Alter MJ. (1996). Science of flexibility (2nd
ed.). Champaign, IL: Human Kinetics.
43. Haley S, Tada W, Carmichael E. (1986).
Spinal mobility in young children: a
normative study. Phys Ther; 66:1697-1703.
44. Knudson DR, Magnusson P. McHugh M.
(2000). Current issues in flexibility fitness.
President’s Council on Physical Fitness and
Sports Research Digest; 3(9): 1-8.
45. Marras WS, Jorgensen MJ, Granata KP,
Wiand B. (2001). Female and Male Trunk
Geometry: Size and Prediction of the Spine
Loading Trunk Muscles Derived from MRI.
Clinical Biomechanics; 16(1):38-46.
46. McHugh MP, Magnusson SP, Gleim GW,
Nicholas JA. (1992). Viscoelastic stress
relaxation in human skeletal muscle. Medicine
and Science in Sports & Exercise; 24(12):
1375–1382.
47. Bandy WD and Reese NB (2004). Strapped
versus unstrapped technique of the prone
press-up for measurement of lumbar extension
using a tape measure: Differences in
magnitude and reliability of measurements.
Archives of Physical Medicine and
Rehabilitation; 85 (1): 99-103.
48. Mellin G, Poussa M. (1992). Spinal mobility
and posture in 8- to 16-year-old children. J
Orthop Res; 10(2):211-6.
49. Dvorak J, Vajda EG, Grob D, Panjabi MM.
(1995). Normal motion of the lumbar spine as
related to age and gender. Eur Spine J; 4:18–
23.
Corresponding author
Chidozie Emmanuel Mbada Ph.D PT
Department of Medical Rehabilitation, College of
Health Science, Obafemi Awolowo University, Ile –
Ife, Nigeria
Email:doziembada@yahoo.com
Received: 17 December 2012
Accepted: 20 February 2013

Medicina Sportiva

