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The Reliability of Bubble Inclinometer and Tape 
Measure in Determining Lumbar Spine Range of 
Motion in Healthy Individuals and Patients 

Purpose: Regarding the high prevalence of low back pain in various communities and the 
need to determine an appropriate treatment plan for these patients, examining their functional 
limitation and disability level is of utmost importance. In this regard, one of the important 
indicators is Lumbar range of motion. Measurement of the range of motion is a common and 
appropriate method for determining the functional limitation of the spine and also to examine the 
effectiveness of various therapeutic interventions. This study was conducted with the purpose of 
examining the reliability of measuring lumbar range of motion using bubble inclinometer and 
tape measure.

Methods: This methodological study was performed on 20 healthy males (29–52 years old) and 
13 male patients with chronic non-specific low back pain (30–58 years old) in 2015. The ranges 
of lumbar forward and backward and side bending were measured with bubble inclinometer 
and rotation with tape measure for both groups. Two measurements were conducted in one day 
with an interval of one hour to examine the within day reliability, and a third measurement was 
conducted one week later to examine the between days reliability. Statistical inference was made 
through calculation of intraclass correlation coefficients (ICC) and standard error of measurement 
(SEM). All data analysis was done by SPSS version 18. 

Results: The ICC and SEM values related to the within days and between days reliability were 
acceptable. The within day and between days ICC range were 0.770–0.982 and 0.835– 0.977, 
respectively. SEM range was 0.38–1.20. However, the results of the reliability values of between 
days measuring of extension in prone position, by using bubble inclinometer, in patients with 
slight low back pain were low (ICC=0.177 and SEM=5.35). 

Conclusion: Results of the present study showed that measuring the lumbar range of motion 
with bubble inclinometer and tape measure (except measuring extension in prone position by 
using bubble inclinometer in patients with low back pain) was highly reliable. Therefore, these 
2 non-invasive and reliable tools can be used to measure the lumbar range of motion and also to 
follow-up the effectiveness of therapeutic interventions.
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1. Introduction

espite the advances in medicine with regard to 
spinal injuries ailments and treatment meth-
ods, lumbar back pain continues to be one of 
common health problems in industrial and 
non-industrial countries [1]. More than 84% 

of people experience lumbar back pain (LBP) during their 
lifetime. The incidence of chronic back pain has been 23%, 
out of which 11% to 12% suffer from disability [2, 3].

LBP refers to feeling pain between the 12th rib and the 
inferior gluteal fold with or without pain in leg(s) [24]. 
Based on etiology, LBP is classified into 2 groups of spe-
cific and non-specific LBP. About 10% of patients suffer 
from specific LBP and 90% from non-specific LBP [2, 
5]. In non-specific LBP, contrary to the specific one, a 
specific pathology cannot be found. Therefore, in exam-
ining the non-specific LBP a particular factor cannot be 
named as the cause of the pain. In this type of LBP, the 
pain usually exacerbates with activity and relatively im-
proves with rest [2, 3]. Based on the studies conducted 
in Iran, the incidence of LBP is relatively high like other 
countries of the world. In Iran, different incidences of 
LBP have been estimated and reported in different age 
and occupational groups such as 17% in school chil-
dren, 21.8% in teachers, 62% in nurses, 84% in preg-
nant women, and 84.8% in surgeons [6-10]. One of the 
difficulties patients with LBP experiences is limitation 
of motion in the lumbar spine area, which has direct as-
sociation with the level of pain [11, 12]. Because of high 
incidence of LBP in various communities and the need 
to determine an accurate treatment plan for patients suf-
fering from such ailment, examining the level of disabil-
ity and dysfunction is of high importance. In this regard, 
an important indicator is accurate measurement of the 
Lumbar range of motion.

Measuring the motion range has been recommended 
as a common and appropriate method to determine the 
functional limitation of the spine and also for evaluat-
ing the effectiveness of various therapeutic interventions 
[13-16]. Researchers have developed numerous methods 
for measuring the Lumbar range of motion. Although, 
these methods may not be the indicator of the real level of 
intervertebral motion, they are considered indicators for 
measuring the lumbar range of motion. Numerous tools 
and methods are used for measuring the range of motion, 
including the flexible ruler, tape measure [17, 18], spinal 
mouse, goniometer [19, 20], inclinometer [21], the dis-
tance from the fingertip-to-floor [18, 22], spinal motion 
analyzer [23, 24], and radiography [17, 25].

Each of these methods has its own advantages and 
drawbacks. Among the drawbacks are high cost, ex-
posure to X-ray, the need for special tools and training 
to use those tools, patient’s discomfort, and the lack of 
proper reliability. For example, according to the report 
of the American Academy of Surgeons, the coefficient 
of variation for using the common goniometer had been 
more than 53% [26]. In many studies, the inclinometer 
has been used for measuring the level of bending for-
ward, backwards extension, and side flexion, with dif-
ferent results [21, 27, 28]. Considering the various types 
of inclinometer, including the mechanical, universal, 
deluxe, digital, and bubble, in this study, we used the 
bubble inclinometer because of its relative inexpensive-
ness, facility of application, accessibility and non-inva-
siveness.

The present study was designed to determine the reli-
ability of the bubble inclinometer in measuring the lum-
bar range of motion in the sagittal and frontal planes in 
healthy individuals and also in patients suffering from 
non-specific LBP. Given that the basis of bubble incli-
nometer work is gravity, measuring the lumbar rota-
tion range of motion would not be possible by this tool. 
Therefore, in this study, for measuring the Lumbar range 
of motion, the tape measure was used to determine its 
reliability. This study is part of a clinical trial designed 
to examine the effect of dry needles (Dry Needling) on 
reduction of pain, functional disability, and lumbar range 
of motion in patients suffering from myofascial pain 
syndrome of quadratus lumborum muscle. Meanwhile, 
the bubble inclinometer and the tape measure were used 
as tools to examine the effectiveness of therapeutic in-
tervention.

Because of the importance of measuring the Lumbar 
range of motion in assessing the disability in patients 
suffering from lumbar back pain and also in assessing 
the effectiveness of various therapeutic methods, and 
considering the lack of general agreement upon this mat-
ter, the above study was designed so that the reliability 
of measuring the lumbar range of motion by bubble in-
clinometer and the tape measure could be examined by 
the same examiner. 

2. Materials & Methods

This methodological study was conducted for assessing 
the reliability of measuring the lumbar range of motion 
by inclinometer in healthy adults and in patients suffer-
ing from LBP (20 healthy males and 13 male patients suf-
fering from non-specific LBP) in Ramsar Physiotherapy 
Clinic, Ramsar, Iran in 2015. Sample size was calculated 
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based on previous studies and the subjects were recruited 
by convenient sampling method. The healthy individuals 
under study did not have any history of LBP, spinal de-
formity, neuromuscular disorders, and musculoskeletal 
or cardiopulmonary diseases. All participants filled out 
health questionnaires and the consent forms to partici-
pate in the study. Table 1 illustrates the Mean number, 
standard deviation, age, height, weight, and body mass 
index of the individuals under the study. For conduct-
ing the study, the baseline bubble inclinometer (Model 
10602 built by Fabrication Enterprise Inc. USA, Figure 
1), and non-stretchable measuring tape were used.

First, the reference points on the bodies of the individu-
als under the study were marked by a special marker. 
The spinous process of the 1st sacral vertebra and the 12th 

thoracic vertebra were considered as reference points for 
measuring the range of motion in bending forward and 
backward. The spinous process of the 12th thoracic verte-
bra was considered as reference point for measuring the 
range of motion of lumbar side flexion, and for measur-
ing the lumbar rotation range of motion, the acromion 
process and the greater trochanter of the opposite side 
were considered as reference points [15, 29, 30]. 

Two bubble inclinometers were used simultaneously 
for measuring the lumbar range of motion when bend-
ing forward (in the standing position), and one bubble 
inclinometer for measuring the lumbar range of motion 
for back extension (in the standing and prone position) 
and side flexion (in the standing position) (Figure 2). The 
actual ranges of motion of lumbar area when bending 
forward and backward were calculated by subtracting 
the number (degree) obtained by the lower inclinometer 
from the number (degree) obtained by the upper incli-

nometer. For measuring the ranges of motion of right 
and left rotation, the measurement was carried out in the 
position of sitting on the edge of the bed [30, 31]. It is 
to be noted that the platform center of bubble inclinom-
eter was positioned on the reference point and was kept 
completely in fixed position by the examiner throughout 
the measurements [29]. The starting point of motion has 
an intense effect on the measurement, therefore, accurate 
tactility of reference points is very important [32, 33].

Evaluation of the Lumbar range of motion was carried 
out 3 times and in 2 days. The first and second evaluation 

Figure 1. Bubble Inclinometer. PHYSICAL TREA MENTS
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Figure 2. Method of measuring the lumbar spine range of motion by using bubble inclinometer.
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were carried out in the first day with an interval of 1 hour 
(for the within day reliability test), and the third exami-
nation was carried out a week later (for the between days 
reliability test). Reliability was based on Rosner classifi-
cation, i.e. if it is less than 40%, it was considered weak 
reliability, between 40%–75% was tolerable to good 
reliability, and more than 75% was excellent reliability 
[34]. Data were analyzed using SPSS, version 18, by 
carrying out the intraclass correlation coefficient (ICC) 
tests for calculating the relative reliability (reflecting the 
ability of measurement method to differentiate between 
the individuals under the study). Also, the standard error 
of measurement (SEM) was used for evaluating the ab-
solute reliability (reflecting the error in the measurement 
method). 

3. Results

The Mean(SD) of age and body mass index of healthy 
individuals were respectively 40(6.48) years and 
26.66(2.12) kg/m2, and the median (SD) of age and 
body mass index of patients suffering from non-specific 
chronic LBP were respectively 46.85(8.05) years and 
27.95(2.87) kg/m2 (Table 1). The median and the stan-
dard deviation of all measurements of the lumbar range 
of motion are presented in Table 2. In healthy individu-
als, the within day and the between days reliability for 
bending forward were recorded respectively as 0.926 
and 0.958, for back extension respectively as 0.822 and 
0.927, for back extension in the prone position respec-
tively as 0.926 and 0.928, for the right lateral flexion 
respectively as 0.895 and 0.896, for left lateral flexion 
respectively as 0.935 and 0.946, for right rotation respec-
tively as 0.770 and 0.835, and finally for left rotation as 

0.823 and 0.853, respectively (Table 2). In patients, the 
reliability of within day and between days measurement 
for bending forward were recorded respectively as 0.982 
and 0.977, for back extension in the standing position 
respectively as 0.952 and 0.964, for back extension in 
the prone position respectively as 0.932 and 0.177, for 
right lateral flexion respectively as 0.908 and 0.931, right 
rotation respectively as 0.937 and 0.971, and finally for 
left rotation as 0.944 and 0.958, respectively (Table 2).

4. Discussion 

Measuring the spinal range of motion is important in 
evaluating the spinal function as well as in examining 
the effect of therapeutic interventions [21, 35]. In various 
rehabilitation programs, reliability of evaluation meth-
ods is of high importance.

This study aimed to examine the reliability of measur-
ing the lumbar range of motion by using bubble incli-
nometer and the non-stretchable tape measure. Results 
of this study showed that the bubble inclinometer has 
high reliability in measuring the within day and between 
days range of motion in healthy individuals (ICC˃0.75). 
According to Richman et al. classification, reliability of 
the measuring method in the present study is average to 
high. They considered the ICC measure of 0.80–1.00 as 
high, 0.60–0.79 as average, and ≥0.59 as low [35]. This 
study also showed that in patients, the bubble inclinom-
eter enjoys high reliability in measuring all of the said 
ranges of motions in within day test. With regard to be-
tween days test, although the reliability of measurement 
in bending forward, back extension, and side flexions 

Table 1. Demographic characteristics of study subjects.

Variables Mean SD Range

Age (y)
Healthy 40 6.48 29-52

Patients 46.85 8.05 30-58

Height (cm)
Healthy 173.45 6.96 162-183

Patients 174 6.33 162-183

Weight (kg)
Healthy 80.35 9.43 64-96

Patients 84.88 11.46 58-98

BMI (kg/m2) 
Healthy 26.66 2.12 20.83-30.3

Patients 27.95 2.87 22.1-31.83
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was high in the standing position, in extension while in 
the prone position the reliability was low (ICC=0.177).

Examining the reliability of measuring the Lumbar 
range of motion of right and left rotation by using tape 
measure showed that in both study groups, the within 
day test and between days test reliability were excel-
lent. Numerous studies have been reported with regard 
to reliability of the Lumbar range of motion using vari-
ous types of inclinometers and in different positions 
[31]. In discussion sections of the conducted studies, 
knowledge of various types of inclinometers, measure-
ment time intervals, position of the patient prior and 
during measurement, and the reference points are im-
portant [31]. In the study by Merrit and colleagues, the 
reliability of measurement of the modified Schober and 
Moll tests, the distance between “fingertip-to-floor” test 
and Loebl inclinometer, were examined by 2 examiners 
on 50 patients with the reference point situated 15 cm 
above the spinous procession of the first sacral vertebra. 
In this study, the reliability of measuring back extension 
in the standing position (Loebl extension test) by Loebl 
inclinometer was reported as weak. Also, examining 
the reliability of forward bending and back extension in 
the prone position has not been carried out by Loebl in-

clinometer. The contradiction of this study results with 
our study may be due to the type of inclinometer used, 
study participants, employing 2 examiners, and differ-
ent reference points [36]. Dillard and colleagues, similar 
to the study by Mayer and colleagues, used one type of 
inclinometer. Contrary to the present study, measure-
ment took place by 2 examiners with one week interval. 
In this study, all measurements were conducted in the 
standing position. Result of this research was in contra-
diction to the present study and the researchers of the 
study believed that fat tissue interfered in determining 
the anatomical locations [37]. Mellin and colleagues by 
examining the reliability of the inclinometer method for 
measuring the range of motion of the back and lumbar 
area of 27 healthy individuals in bending forward, back 
extension, and side flexion did not find much difference 
in different positions. However, these researchers con-
sidering the obtained results and facility of work, rec-
ommended the sitting position for measuring the range 
of motion in bending forward, prone position while the 
hands are placed behind the head for measuring the back 
extension, and the standing position facing the wall and 
close to it for measuring the side flexion [32].

Table 2. Results of within day and between days reliability for measuring lumbar range of motion.

Variables Mean SD Within day ICC Between days ICC Between days SEM

Bending forward 
(degree)

Healthy 34.25 5.92 0.926 0.958 1.20

Patients 25.08 7.83 0.982 0.977 1.18

 Back extension in 
standing position 

(degree)

Healthy 7.65 2.11 0.822 0.927 0.52

Patients 6.92 3.07 0.952 0.964 0.60

Back extension in prone 
position (degree)

Healthy 5.05 1.64 0.926 0.928 0.42

Patients 3.23 1.42 0.932 0.177 5.35

Right lateral flexion 
(degree)

Healthy 18.95 2.74 0.895 0.869 0.98

Patients 13.46 3.6 0.908 0.931 0.97

Left lateral flexion 
(degree)

Healthy 18.55 3.17 0.935 0.946 0.76

Patients 6.92 3.77 0.937 0.971 0.63

Right rotation (degree)
Healthy 8.2 1.28 0.770 0.835 0.56

Patients 7.15 1.72 0.925 0.930 0.47

Left rotation (degree)
Healthy 7.9 1.29 0.823 0.853 0.51

Patients 7.46 1.81 0.944 0.958 0.38
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In the present study, the reliability of measuring the 
Lumbar range of motion in back extension in the prone 
position, was determined in healthy individuals as well 
as patients, and reliability of measurement was differ-
ent between these groups. The study by Batti’e and col-
leagues showed that the spine range of motion is affected 
by age, gender, and physical characteristics [38]. Most 
studies reported same results regarding the reliability of 
measuring the Lumbar range of motion when bending 
forward in the standing position by using different in-
clinometers and methods. However, with regard to the 
reliability of measuring the Lumbar range of motion in 
back extension while in the standing position, their re-
sults were different. The reason that some of these re-
sults contradict with our study results may be due to the 
measuring method, sample size, lack of homogeneity of 
samples, and failure to employ by experienced people. 
For confirming the results of the present study, it is nec-
essary that similar studies be conducted with longer in-
tervals between the measurements in larger sample sizes 
and with more accurate variety of inclinometers.

Our limitations in this study included small sample 
size, not including healthy or sick females, short interval 
between each measurement, and lack of comparing the 
results with other measurement methods such as radiolo-
gy. It is recommended that in future studies, the selection 
of samples be carried out through the random sampling 
method and a greater number of individuals be allocated 
to each group. In the previous studies, the validity of 
measuring the Lumbar range of motion with the incli-
nometer was compared with radiology measurements, 
(and a high correlation was found between these 2 meth-
ods), therefore, the inclinometer has been recommended 
as a reliable tool to assess the lumbar range of motion 
[15, 39]. New studies by examining the reliability of 
measuring methods for lumbar range of motion through 
utilizing mobile phone applications and comparing its 
results with those obtained through clinical tools such as 
bubble inclinometer have reported that iPhone applica-
tions are valid, reliable, appropriate, and acceptable [40].

On the whole, results of this study demonstrate that 
bubble inclinometer and non-stretchable tape measure 
possess high reliability for measuring the Lumbar range 
of motion in healthy individuals and in patients with 
LBP (except in back extension while in the prone posi-
tion) and they can be used for evaluating the Lumbar 
range of motion in healthy individuals and in patients 
suffering from lumbar back pain and also for therapeutic 
interventions follow up. 
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