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Introduction: A few instruments are accessible for clinical estimation of the thoracic and 
lumbar curvatures. This methodical survey aims to identify the validity and reliability of non-
invasive thoracic kyphosis and lumbar lordosis measurements.

Materials and Methods: This research is a literature review. The process was performed 
on articles in credible databases, such as Medline, Embase, AMED, CINAHL, PubMed, 
and Biomedical Reference Collection, Expanded, Sport Discus, Science Direct, Web of 
Science, searching for the terms thoracic kyphosis, lordosis, spinal curvature, lordosis and 
reliability, lordosis and validity, kyphosis and reliability, kyphosis and validity, test, measure, 
flexi curve, radiograph, spinal mouse, inclinometer, kyphometer, image processing, Cobb, 
during 1960 to 2020.

Results: The result of the systematic search revealed that ten methods among all related 
papers have inclusion criteria, 3D ultrasound, Arco meter, DE Brunner’s kyphometer, digital 
inclinometer, electro goniometer, goniometer, flexi curve angle, image processing, pantograph, 
and spinal mouse.

Conclusion: The validity and reliability of non-invasive methods for estimating kyphosis and 
lordosis curvatures were indicated in 26 papers. Based on the current little evidence, non-
invasive procedures have high to very high reliability and moderate to high validity.
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1. Introduction

he spine as a base of the skeleton is a compli-
cated structure that has various roles, includ-
ing trunk positioning and making a place 
for the connection of several muscles and 
limited ligaments [1]. The spine also makes 

a column that provides support and stability to help main-
tain a standing posture, linking the head to the trunk, and 
supporting the spinal cord. The spinal curves include 
the normal concave and convex curves of the spine, and 
play a vital role to keep stability, flexibility, and distribu-
tion- the absorption of the force on the spine. While the 
vertebra column absorbs the loads [2], however, some 
aspects include incorrect moving habits, weakness of 
back muscles, and stiffness of muscles and also the fac-
tors, such as neuromuscular, congenital, post-traumatic, 
post-infective, and idiopathic problems [3], kyphosis and 
lordosis deformities could appear [1, 4]. The thoracic 
hyperkyphosis and lumbar hyper lordosis are the most 
common spinal deformities. Hyperkyphosis is defined as 
excessive of the upper back arch and hyperlordosis is de-
fined as excessive of the lower back arch [5]. 

Two factors usually evaluated in the measurement of 
spinal posture are kyphosis and lordosis curvatures. Hy-
perkyphosis and lumbar lordosis are due to an increase of 
the thoracic and lumbar arches in the sagittal plane, there-
fore precise estimation of these angles is very crucial for 
the treatment of these abnormalities [6]. Hyperkyphosis 
is referred to the excessive of the upper back in the range 
of T1 and T12 spinal [7, 8]. However, lumbar lordosis 
refers to an excessive inward curve in the lumbar. 

Measuring the exact quantitative values of these lor-
dosis and kyphosis curves is a vital factor in the medi-
cal and research field. Due to this importance, various 
methods have emerged and these methods are very di-
verse, from expensive and accurate methods, such as 
X-ray to simpler methods, such as goniometer. As it is, 
a few instruments are accessible for clinical estimation 
of kyphosis and lordosis curvatures. The devices, such 
as a flexible ruler (flex curve) [9-15], Kyphometer [16], 
inclinometer, the spinal mouse [17-20], 3D ultrasound 
[21], pantograph, and finally image processing [12] 
methods can be considered as the crucial non-invasive 
methods that can apply to assessing the thoracic and 
lumbar vertebral curvatures. These instruments permit 
a rapid, simple, and non-invasive measurement of the 
curves in medical areas. The validity and reliability of 
methods are vital factors to select any devices for clini-
cal and research training [22, 23]. Validity refers to how 
well an instrument or piece of research measures what 

it sets out [24, 25]. Reliability is defined as the degree 
that estimation is stable and errorless when utilized by 
the same results (intra-rater reliability), or various raters 
(inter-rater reliability) [26]. Current ways and psycho-
metric variables have not been explicitly investigated; 
therefore, this methodical survey was conducted to iden-
tify the reliability and validity of non-invasive thoracic 
kyphosis and lumbar lordosis measurements.

2. Materials and Methods

Search strategy

This research is a literature review. The survey was 
performed on articles in credible databases, such as 
Medline, Embase, AMED, CINAHL, PubMed and Bio-
medical Reference Collection: Expanded, Sport Discus, 
Science Direct, Web of Science, searching for the terms 
thoracic kyphosis, lumbar Lordosis, spinal curvature, 
kyphosis reliability, validity, test, measure, flexi curve, 
radiograph, spinal mouse, inclinometer, kyphometer, 
image processing, Cobb, during 1960 to 2020. The data 
was directed utilizing a search from four fundamental 
branches of areas, thoracic kyphosis (“thoracic kypho-
sis”, “spinal curvature”, “thoracic curvature”, kyphosis), 
lumbar lordosis (“lumbar lordosis”, “spinal curvature”, 
“lumbar curvature”, lordosis) psychometric properties 
(reliability, validity, affectability, responsiveness, and 
properties) and physical tests (instrument, tool, test, 
measure, flexi curve, radiograph, spinal mouse, incli-
nometer, kyphometer, image processing, Cobb) (Figure 
1). The boolean operators “or”-”and” were utilized to 
combine the search terms inside and between every one 
of the four fundamental branches of areas respectively. A 
word from every area was required in the title or abstract 
of the research. An extra search was conducted in the 
other databases, such as Google Scholar web index.

Study selection

Two authors (HZ & MY) independently reviewed the 
eligible studies based on the titles and abstracts. Then, 
the relevant full-text articles were read carefully accord-
ing to the inclusion criteria. Any disagreements were re-
solved by consensus or the third and fourth researchers.

Inclusion and exclusion criteria

The inclusion criteria included articles accessible in 
full text, articles accessible in English, a nonpartisan tho-
racic and lumbar curvatures value angle recorded, spinal 
deformities were the result of mechanical, congenital, 
post-traumatic, and post-infective problems. The exclu-

T

 Zanguie H, et al. Validity and Reliability of Non-Invasive Methods. JMR. 2023; 17(3):251-262

July 2023, Volume 17, Number 3

https://jmr.tums.ac.ir/index.php/jmr
https://www.nlm.nih.gov/medline/index.html
https://www.embase.com/
https://www.amed.go.jp/en/aboutus/index.html
https://www.ebsco.com/products/research-databases/cinahl-database
https://pubmed.ncbi.nlm.nih.gov/
https://www.ebsco.com/products/research-databases/sportdiscus
https://www.sciencedirect.com/
https://mjl.clarivate.com/search-results
https://scholar.google.com/


253

sion criteria included radiographic estimation systems 
only, full text in English couldn’t be found, and thoracic 
kyphosis and lumbar lordosis angle are detailed in tho-
racic flexion or extension only [27].

Extraction of data

The information, such as year of publication, location, 
intervention applied, frequency, duration of follow-up, 
outcome measures, and main findings were extracted 
from the included trials.

Evaluation methods

Ultrasound method

Ultrasound measuring system performs a three-dimen-
sional (3D) motion analysis by measuring the propaga-
tion time of ultrasound pulses. The device consists of the 
head containing three ultrasound transmitters, the triplet 
with three receivers to eliminate the movements of the 
pelvis, and the pointer containing two microphones to 
determine the shape of the spine. The transmitters emit 
ultrasonic signals from the head that are recorded by the 
receivers (the measuring frequency is 100 Hz). From the 
known ultrasound velocity, which is appropriate to the 
temperature, and from the measured propagation time 
the distance can be calculated between each transmitter 
and receiver. The spatial coordinates of the receivers can 

be calculated at any time during the measurement from 
the spatial coordinates of the transmitters and the dis-
tance between the three-head sensors with the method 
of triangulation, that calculation can be performed for 
all receivers. The spatial position of the receivers and 
the spatial position of the spinous processes of the ver-
tebrae were recorded and numerically stored by Win 
Spine measurement driving software, Zebris FDM 1.12 
(Zebris Medizintechnik GmbH, Isny, Germany). The 
processes are briefly known as ultrasound-based spine 
examination [28].

Arco meter method 

The Arco meter consists of 3 rods, including the up-
per, middle, and lower rods. To evaluate the thoracic and 
lumbar curvatures with the Arco meter, the evaluators 
positioned the upper and lower rods of the instrument 
on the spinous processes T1, T12, L1, and L5 at which 
point FA, and FB measures were obtained as seen in 
Figure 2. Soon after, the evaluators identified the apex 
of the curvature using the middle rod corresponding to 
measure f, the scale on the instrument was read to obtain 
the measures h1 and h2 corresponding to the distance 
between the upper vertebra and the point of the apex of 
the curve, and between the apex of the curvature and the 
lower vertebrae, respectively. This repeated procedure 
collects data on both the thoracic and lumbar curvatures 
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for each of the two evaluators [29]. The data from the 
Arco meter, i.e. the values of h1, h2, f, FA, and FB of 
the thoracic and lumbar curvatures of the subjects were 
included in equations adapted from Leroux (2000) and 
based on three trigonometric relations; the angles of the 
thoracic and lumbar curvatures were calculated in de-
grees (Equation 1) [30]:

1. Φ1=180-2×Atan (h1/f), Φ2=180-2×Atan (h2/f)

DE Brunner’s kyphometer

The DE Brunner’s kyphometer consists of a protractor 
mounted on two arms, the ends of which are positioned 
on specified bony landmarks; then the kyphosis angle is 
read from the protractor. The upper arm of the DE Brun-
ner kyphometer was placed on C7 and the lower arm on 
T12. The circumscribed kyphosis angle was read from 
the protractor (Figure 3) [31]. 

Digital inclinometer

The digital inclinometer is becoming a popular tool to as-
sess the musculoskeletal system, including the anteropos-
terior curvatures of the spine, in both clinical practice and 
research [32] (Figure 4). To assess the angle of the sacral 
slope, the inclinometer reader was reset in the horizontal 
position and then placed on the lumbosacral junction found 
by palpation (LS point). The measurement of the hyper-
lordosis angle began by resetting the inclinometer reader 
at the LS point, and then applied to a palpated point on the 
thoracolumbar junction (ThL point). The angle of hyper-
kyphosis was determined after the inclinometer was reset at 
the ThL point, and the reading was taken at the cervicotho-
racic junction (CTh point). Additionally, the size of the up-
per and lower thoracic kyphosis was determined. To assess 
the former, the inclinometer reset at the ThL point and the 
reading was taken at the Th6-7 motion segment.

Figure 2. Fa, h1, f, FB, h2 index in arco meter [30]
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Goniometer

The flexible electro goniometer (FEG), which can re-
cord joint angles over time outside the laboratory, has 
been used to measure other joints. Also, the only dy-
namic device that can record angular motion outside the 
laboratory is the biometrics flexible electro goniometer 
[7] (Figure 5). The FEG allows continuous measurement 
of the angular displacement between 2 lightweight plas-
tic end blocks at either end of a coil containing 2 strain 
gauges mounted at 90° to each other. The flexible elec-
tro goniometer has an accuracy within ±1° and has been 
used extensively to measure the angles of limb joints 
during performance activities [7].

Image processing

This method is a relatively recent method in which 
some points on the body are marked using a computer 
and then the deviation of the points, compared to the nat-
ural mode, is calculated and reported using mathematical 
methods and computer programming. A limited number 
of experiments were performed to study the malforma-
tions of the spine through the image processing method. 
Learoux et al. used in image processing method and re-
ported its validity as adequate. According to the findings 
of Yousefi et al. this method can be used as one of the 
non-contact methods in studying the malformations of 
the spine [12].

Pantograph

The spinal pantograph consists of a pantograph with an 
arm, at the end of which a low-friction wheel is mounted 
(Figure 6). The decreasing scale can vary between 1:2 
and 1:20. In the present study, 1:4 was chosen as the 
most suitable for this purpose. A drawing table was fixed 
below the pantograph to record the decreased contour 
line of the trunk. The pantograph and the drawing table 
are mounted on a tripod, which can be raised or low-
ered. The tripod also allows the pantograph to work in 
both the sagittal plane for recording kyphosis/lordosis 
and the transversal plane for describing the hump de-
formity seen in structural scoliosis. For the measuring, 
the patients stand in front of the spinal pantograph, in 
an erect, relaxed position supporting their weight equal-
ly on both legs. The spinal processes of C, and L, are 
marked by dermograph. By letting the wheel of the pan-
tograph lightly follow the spinal processes between these 
two landmarks, the thoracic and lumbar curvatures are 
recorded on a paper roll on the drawing table. By indi-
cating C, and L, on the contour line on the paper, even 
the height of the thoracolumbar spine can be evaluated. 
During the recording of the asymmetry of the rib hump 
in structural scoliosis, the pantograph is placed horizon-
tally. Here the rotational deformity can be estimated in a 
standing position [12].

Figure 5. Electro goniometer [7]
Figure 6. Spinal pantograph [33]
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Spinal mouse

The spinal mouse consists of an electromechanical device 
like a computer mouse. To measure spinal curvature using a 
spinal mouse, each rater first determined by palpation on the 
skin surface and marked with a pencil the spinous process of 
C7 (starting point) and the top of the anal case (endpoint). 
Particularly, the C2 spinous process is identified by palpating 
the midline just below the external occipital protuberance. 
Starting from C2, the examiner then counted the spinous pro-
cesses caudally until C7 by using a cervical extension-flexion 
motion test. The L4-5 interspace is palpated against the up-
permost iliac crest. The S1 vertebra was located by using 
the technique described by Hoppenfeld and the T12 spinous 
process palpate by counting from S1. The electromechanical 
device then guided along the midline of the spine (or slightly 
paravertebrally in particularly thin children with prominent 
spinous processes (from the starting point until the end [34].

Flexi curve

The flexi curve (trident) is a flexible plastic-covered metal 
ruler, 80 cm in length, marked at 1 mm intervals. This instru-
ment can be molded into rounded structures. The assessment 
procedure with the flexi curve consisted of molding the in-
strument to the shape of the spine from the C7 to the S1 spi-
nal processes [35] (Figure 7).

As a result, the DE Brunner’s kyphometer, digital inclinom-
eter, goniometry, electrogoniometry, and Arco meter consist 
of several arms or rulers located on some part of the spinal 
curve, like the Cobb angle calculation. On the other hand, the 
pantograph, spinal mouse, and flexi curve make a schematic 
view of the vertebral column. The 3D ultrasound performs a 
three-dimensional motion analysis by measuring the propa-
gation time of ultrasound pulses and the body landmark ana-

lyzer (BLA) method [36] simulated spinal curves using an 
image processing technique.

3. Results

Table 1 presents the summary of reliability and validity 
studies, including test-retest reliability, validity with X-ray, 
limits of agreement, and standard error of measurement. 
Also, Table 2 presents the summary of validity, reliability, 
and standard error of measurement (SEM) of ten non-inva-
sive measurement methods. 

4. Discussion

This methodical survey was conducted to identify the re-
liability and validity of non-invasive thoracic kyphosis and 
lumbar lordosis measurements. Pearson’s r, Cronbach α, and 
intra-class correlation coefficients (ICC) statistics were inter-
preted as follows, ≤0.29 very low correlation, 0.30–0.49 low 
correlation, 0.50–0.69 moderate correlation, 0.70–0.89 high 
correlation, and ≥0.90 very high correlation [37]. An agree-
ment evaluated by SEM, when data were available, was cal-
culated according to the Equation 2 [26].

2. SEM=standard deviation (SD)÷√1-reliability coefficient

The result of the systematic search revealed that ten meth-
ods among all related papers have inclusion criteria, 3D ul-
trasound, Arco meter, DE Brunner’s kyphometer, digital in-
clinometer, electro goniometer, goniometer, flexi curve angle, 
image processing, pantograph and spinal mouse. Table 1 pres-
ents the summary of reliability and validity studies, including 
test-retest reliability, validity with X-ray, limits of agreement, 
and standard error of measurement. The DE Brunner’s ky-
phometer, digital inclinometer, goniometry, electro goniom-
etry, and Arco meter consist of several arms or rulers located 
some parts of the spinal curve, like the Cobb angle calcula-
tion. On the other hand, the pantograph, spinal mouse, and 
flexi curve make a schematic view of the vertebral column. 
The 3D ultrasound performs a three-dimensional motion anal-
ysis by measuring the propagation time of ultrasound pulses 
and BLA method [36] simulated spinal curves using an image 
processing technique. However, reliability of all the above ten 
methods was high to very high and the validity of these meth-
ods was moderate to high (although validity less studied com-
pared to reliability). Only four studies report standard error 
of measurement, the lowest belongs to the electro goniometer 
[7] and the highest belongs to the spinal mouse [6, 38]. Of 
all ten-measurement methods, only two of them, flexi curve 
index and DE Brunner’s kyphometer have high evidence for 
reliability and no one has high validity evidence. It seems that 
researchers tend to evaluate more simple methods to measure 
thoracic kyphosis, and lumbar lordosis.

Figure 7. Flexi curve [35]
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Table 1. Test-retest reliability, validity (X-ray), limits of agreement, and SEM

Methods Researchers ICC Test-retest 
Reliability Validity With X-ray Bland-Altman 95% Limits 

of Agreement SEM

3D ultrasound Fölsch et al. 2012 [21] 0.95 intra - Within clinical acceptable 
margins 3.7

Arco meter
D'Osualdo, 1997 [40] 0.99 intra-inter 0.98 - -

Chaise et al. 2011 [29] 0.98 inter, 0.99 intra 0.94 - -

DE Brunner’s 
kypho-meter

Kado et al. 1976 [39] - 0.68 - -

Ohlen et al. 1989 [16] 0.92-0.93 intra, 0.91, 0.94 
inter - - -

Korovessis et al. 2001 
[49] 0.84 inter, 0.92 intra 0.759 - -

Greendale et al. 2011 
[48] 0.96 to 0.98 0.62 to 0.69 - -

Agnvall et al. 2015 [39] -
0.67 to 0.83 for 

kyphosis and 0.33 to 
0.5 for lordosis

- -

Digital 
inclinometer

Czaprowski et al. (2012) 
[5] 0.9>α≥0.8 - - 3.8

Barrett et al. 2013 [5] 0.92 intra and 0.9 inter 
rater - - -

Electro 
goniometer

Perriman et al. 2010 [10] 0.94 to 0.98 0.53 to 0.87 - -

Johnson et al. 2012 [10] Inter 0.85 to 0.94 and 
intra 0.86 to 0.95 - - 1 to 2.3

Flexi curve angle

Oliveira et al. 2012 [35] 0.94 inter, 0.82 intra 0.7 - -

Barrett et al. 2013 [35] Intra-rater (ICC 0.94) and 
inter rater (ICC 0.86) - - -

Barrett et al. 2018 [35] - 0.96 Within clinical acceptable 
margins -

Yanagawa et al. 2000 [35] Kyphosis height (0.89) 
index kyphosis (0.93 - - -

Hinman. 2004 [11] Kyphosis 0.94 and Lor-
dosis 0.6 - - -

Teixeira and Carvalho, 
2007 [46] 0.87 intra, 0.94 inter 0.528-0.906 - -

Sedrez et al. 2016[46]

Kyphosis test retest
0.82

Intra 0.68 inter 0.72
Lordosis

Test retest 0.66
Intra 0.5

Inter 0.56

- - -

Goniometer

Perriman et al. 2010 [10] 0.9-0.95 intra 0.53 to 0.87 - -

Gravina et al. 2012 [10] - Kyphosis 0.89
Lordosis 0.52 - -

Gravina et al. 2017 [10] Kyphosis 0.836 and 
Lordosis 0.831 - Within clinical acceptable 

margins

Image processing Yousefi et al. 2012 [12] - - - -

Pantograph Willner et al. 1981 [33] - 0.94 - -

Spinal mouse

Mannion et al. 2004 [18] 0.73-0.88 intra to 0.83- 
0.87 inter - - 4.2 to 2.8

Kellis et al. 2008 [20] 0.81-0.87 intra, 0.88-0.89 
inter - -

2.3 to 
2.7 intra, 
1.4 to 2.1 

inter

SEM: Standard error of measurement; ICC: Intra-class correlation coefficients.
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The flexi curve (trident) is a flexible plastic-covered 
metal ruler, 80 cm in length, marked at 1 mm intervals. 
This instrument can mold into rounded structures. The 
assessment procedure with the flexi curve consisted of 
molding the instrument to the shape of the spine from 
the C7 to the S1 spinal processes [35]. The flexi curve 
has very high inter-rater reliability and moderate to very 
high validity for evaluating the thoracic and lumbar 
curvatures. The DE Brunner kyphometer consists of a 
protractor mounted on two arms, the ends of which are 
positioned on specified bony landmarks; the kypho-
sis angle is read from the protractor. The upper arm of 
the DE Brunner kyphometer was placed on C7 and the 
lower arm on T12. The circumscribed kyphosis angle is 
read from the protractor [39]. DE Brunner kyphometer 
has very high inter-intra rater reliability and moderate to 
high validity for evaluating the thoracic and lumbar cur-
vatures. All methods have low evidence in the literature 
for reliability and validity, except the goniometer, which 
has moderate evidence. The reliability of all other meth-
ods is high to very high and the validity of these methods 
is moderate to high.

Validity

Validity is one of the most important factors to select 
any devices for clinical and research training [22, 23]. 
Validity refers to how well an instrument or piece of re-
search measures what it sets out [24, 25]. Although the 
validity of the spine curves measurements is considered 

in various reports, however, in some studies, this validity 
was not sufficiently satisfactory [34]. To validate, a non-
invasive tool should be compared with golden methods, 
such as Cobb angle to be carefully considered as valid 
methods for analyzing kyphosis and lordosis curvatures. 
The validity of thoracic kyphosis and lumbar lordosis 
measurement methods, except the Cobb angle [7, 40], 
is based on the centroid [41] and posterior tangent [42] 
methods. Although all measurement methods use a dif-
ferent way to measure kyphosis and lordosis curvatures, 
including using several arms or rulers to locate some 
parts of the spinal curve (The DE Brunner’s kyphome-
ter, digital inclinometer, goniometry, electro goniometry, 
and Arco meter), making a schematic view of the verte-
bral column (pantograph, spinal mouse and flexi curve) 
and image processing, however, searching on validity 
researches showed no considerable differences in valid-
ity confident between either method. Only Arco meter 
and pantograph have very high validity coefficients. All 
methods of measurement have low evidence in the liter-
ature for validity and except the two above methods and 
image processing with high validity coefficient, others 
have moderate to high validity (0.5 to 0.9). 

Reliability

Reliability is characterized as the degree to which esti-
mation is steady and free from error when utilized by the 
same (intra-rater reliability), or various raters (inter-rater 
reliability) [26]. Subsequently, depicting standard error 

Table 2. Validity and reliability non-invasive methods

Method Reliability Evidence Validity Evidence Max SEM Evidence

Ultrasound system Very high intra rater 
reliability Low - - 3.7 Low

Arco meter Very high intra+inter 
rater reliability Low Very high validity Low - -

DE Brunner’s kyphometer Very high intra, inter-
rater reliability High Moderate to high 

validity Low - -

Digital inclinometer High intra-rater reli-
ability Low - - 3.8 Low

Electro goniometry Very high intra+inter-
rater reliability Low Moderate to High 

validity Low 2.3 Low

Flexi curve index Very high inter-rater 
reliability High Moderate to very 

high validity Low - -

Goniometer Very high intra+inter-
rater reliability Moderate Moderate to high 

validity Low - -

image processing - - High validity Low - -

Pantograph - - Very high validity Low - -

Spinal mouse High intra+inter-rater 
reliability Low - - 4.2 Low

SEM: Standard error of measurement.
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of measurement is a critical element of reliability, since 
it contributes to the clinical interpretation of the results 
[25]. Some factors exist that have the potential to chal-
lenge the reliability of the spine palpation, variability of 
spinal curvature from one day to another day as a result 
of physical activity, fatigue, job activity [40, 43], repeat-
ed testing [11, 20], and reposition of markers [44, 45]. 
Some prefer to use techniques, such as performing the 
same test within the same day (test, re-test method) [17, 
18, 21, 29, 30, 35, 40, 43, 46-50]. Others used techniques 
such as using the same light and temperature situations 
[50] and prevent excessive physical activities between 
test days [21]. Another potential challenge to taking reli-
able measures is the accurate palpation of spinal land-
marks. The validity of palpation of the vertebra has been 
reported to be poor in the human spine [10, 11, 18, 20, 
29, 30, 35, 40, 43-45, 48, 51-54]. It has been reported 
that the precision of palpation can depend on the skill of 
the tester [53, 55]. However, the contribution of the tes-
ter experience to the reliability of spine curvature mea-
suring is unclear. Several studies did not remove mark-
ers of palpated landmarks between raters [10, 18, 29, 34, 
35]. Using the same marked points likely increased the 
reliability of measurements between raters. The reliabil-
ity of the lower cost and simpler methods, such as flexi 
curve index and DE Brunner’s kyphometer investigated 
to a lesser extent than more technical methods. The reli-
ability of these simple methods was very high for both 
inter-rater and intra-rater with a high degree of evidence. 
The spinal mouse also has high evidence for reliability in 
the literature, a system with wirelessly connected mouse 
shape, but has high inter-intra rater reliability (below 
0.9) but unlike the above methods, can be used to mea-
sure sagittal balance. Other methods that are more com-
plicated than the three mentioned methods, all have high 
to very high inter-intra rater reliability but with moderate 
(goniometer) or low evidence (electro goniometry, digi-
tal inclinometer, and Arco meter). 

Application 

Measuring the exact quantitative values of these lor-
dosis and kyphosis curves is a vital factor in the medical 
and research field. Therefore, it is due to the expensive 
and accurate methods, such as X-ray, and the need to 
provide simpler and more accurate methods for evaluat-
ing these abnormalities in different situations. Therefore, 
in this study, we summarized the simpler noninvasive 
methods to assess this lordosis and kyphosis to help the 
medical community choose the best methods according 
to the facilities.

5. Conclusion

Among ten measurement methods reviewed in the 
study, there appears to be high evidence of reliability for 
more simple methods, such as flexi curve index and DE 
Brunner’s kyphometer, but all non-invasive have high to 
very high reliability and moderate to high validity.

Ethical Considerations

Compliance with ethical guidelines

There were no ethical considerations to be considered 
in this research.

Funding

The authors received no financial support for the re-
search and authorship of this article and this study did 
not have any funds.

Authors' contributions

Conceptualization, supervision, methodology, data collec-
tion, data analysis, funding acquisition and resources: Hami-
dreza Zanguie and Mohammad Yousefi; Investigation, Writ-
ing-original draft, and Writing-review & editing: All authors. 

Conflict of interest

The author declared no conflict of interest in the publi-
cation of this article.

References

[1] Yazici AG, Mohammadi M. The effect of corrective exercis-
es on the thoracic kyphosis and lumbar lordosis of boy stu-
dents. Turkish Journal of Sport and Exercise. 2017; 19(2):177-
81. [DOI:10.15314/tsed.293311]

[2] Yousefi M, Sadeghi H, Ilbiegi S, Ebrahimabadi Z, Kaka-
vand M, Wikstrom EA. Center of pressure excursion and 
muscle activation during gait initiation in individuals with 
and without chronic ankle instability. Journal of Biomechan-
ics. 2020; 108:109904. [DOI:10.1016/j.jbiomech.2020.109904] 
[PMID]

[3] Mann GS, Sagar P. Activity and abundance of flower vis-
iting insects of loquat, eriobotrya japonic A (Thunb.) Lindl. 
Indian Journal of Horticulture. 1987; 44,( 1and2):123-5. [Link]

[4] Yousefi M, Ilbeigi S. The intelligent estimating of spinal 
column abnormalities by using artificial neural networks 
and characteristics vector extracted from image process-
ing of reflective markers. African Journal of Biotechnology. 
2013; 12(4):419-26. [DOI:10.5897/AJB12.1099]

 Zanguie H, et al. Validity and Reliability of Non-Invasive Methods. JMR. 2023; 17(3):251-262

July 2023, Volume 17, Number 3

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.15314/tsed.293311
https://doi.org/10.1016/j.jbiomech.2020.109904
https://www.ncbi.nlm.nih.gov/pubmed/32636013
https://www.indianjournals.com/ijor.aspx?target=ijor:ijh&volume=44&issue=1and2&article=029
https://doi.org/10.5897/AJB12.1099


260

[5] Sahrmann S, Azevedo DC, Dillen LV. Diagnosis and 
treatment of movement system impairment syndromes. 
Brazilian Journal of Physical Therapy. 2017; 21(6):391-9. 
[DOI:10.1016/j.bjpt.2017.08.001] [PMID] [PMCID]

[6] Kuo YL, Tully EA, Galea MP. Sagittal spinal posture af-
ter pilates-based exercise in healthy older adults. Spine. 
2009; 34(10):1046-51. [DOI:10.1097/BRS.0b013e31819c11f8] 
[PMID]

[7] Perriman DM, Scarvell JM, Hughes AR, Ashman B, Lueck 
CJ, Smith PN. Validation of the flexible electrogoniometer 
for measuring thoracic kyphosis. Spine. 2010; 35(14):E633-
40. [DOI:10.1097/BRS.0b013e3181d13039] [PMID]

[8] Sayyadi P, Sheikhhoseini R, O’Sullivan K, Balouchi R. The 
effect of through-range versus shortened-length exercise 
training on upper quarter posture among students with 
forward head posture: A randomized clinical trial. Journal 
of Modern Rehabilitation. 2019; 13(1):49-58. [DOI:10.32598/
JMR.13.1.49]

[9] Milne JS, Williamson J. A Longitudinal study of kypho-
sis in older people. Age and Ageing. 1983; 12(3):225-33. 
[DOI:10.1093/ageing/12.3.225] [PMID]

[10] Lundon KM, Li AM, Bibershtein S. Interrater and in-
trarater reliability in the measurement of kyphosis in 
postmenopausal women with osteoporosis. Spine. 1998; 
23(18):1978-85. [DOI:10.1097/00007632-199809150-00013] 
[PMID]

[11] Hinman MR. Interrater reliability of flexicurve postural 
measures among novice users. Journal of Back and Mus-
culoskeletal Rehabilitation. 2004; 17(1):33-6. [DOI:10.3233/
BMR-2004-17107]

[12] Yousefi M, Ilbeigi S, Mehrshad N, Afzalpour M, Naghi-
bi SE. Comparing the validity of non-invasive methods in 
measuring thoracic kyphosis and lumbar lordosis. Zahedan 
Journal of Research in Medical Sciences. 2012; 14(4):37-42. 
[Link] 

[13] Hart DL, Rose SJ. Reliability of a Noninvasive Method 
for Measuring the Lumbar Curve. Journal of Orthopaedic 
& Sports Physical Therapy. 1986; 8(4):180-4. [DOI:10.2519/
jospt.1986.8.4.180] [PMID]

[14] Seidi F, Rajabi R, Ebrahimi TI, Tavanai AR, Moussavi SJ. 
The Iranian flexible ruler reliability and validity in lumbar 
lordosis measurement. World Journal of Sport Sciences. 
2009; 2(2):95-9. [Link]

[15] Rajabi R. The norm of spinal column curves in Iranian 
population.World Journal of Sport Sciences. 2008; 175-8. 
[Link]

[16] Ohlén G, Spangfort E, Tingvall C. Measurement of spinal 
sagittal configuration and mobility with Debrunner’s ky-
phometer. Spine. 1989; 14(6):580-3. [DOI:10.1097/00007632-
198906000-00006] [PMID]

[17] Mohokum M, Mendoza S, Udo W, Sitter H, Paletta JR, 
Skwara A. Reproducibility of rasterstereography for ky-
photic and lordotic angles. trunk length, and trunk in-
clination: A reliability study. Spine. 2010; 35(14):1353-8. 
[DOI:10.1097/BRS.0b013e3181cbc157] [PMID]

[18] Mannion AF, Knecht K, Balaban G, Dvorak J, Grob D. A 
new skin-surface device for measuring the curvature and 
global and segmental ranges of motion of the spine: Relia-
bility of measurements and comparison with data reviewed 
from the literature. European Spine Journal. 2004; 13(2):122-
36. [DOI:10.1007/s00586-003-0618-8] [PMID] [PMCID]

[19] Guermazi M, Ghroubi S, Kassis M, Jaziri O, Keskes H, 
Kessomtini W, et al. [Validity and reliability of Spinal Mouse 
to assess lumbar flexion (French)]. Annales de Readaptation 
et de Medecine Physique: Revue Scientifique de la Societe 
Francaise de Reeducation Fonctionnelle de Readaptation et 
de Medecine Physique. 2006; 49(4):172-7. [DOI:10.1016/j.an-
nrmp.2006.03.001] [PMID]

[20] Kellis E, Adamou G, Tzilios G, Emmanouilidou M. Re-
liability of spinal range of motion in healthy boys using a 
skin-surface device. Journal of Manipulative and Physi-
ological Therapeutics. 2008; 31(8):570-6. [DOI:10.1016/j.
jmpt.2008.09.001] [PMID]

[21] Fölsch C, Schlögel S, Lakemeier S, Wolf U, Timmes-
feld N, Skwara A. Test-retest reliability of 3D ultrasound 
measurements of the thoracic spine. PM & R: The Journal 
of Injury, Function, and Rehabilitation. 2012; 4(5):335-41. 
[DOI:10.1016/j.pmrj.2012.01.009] [PMID]

[22] Aaronson N, Alonso J, Burnam A, Lohr KN, Patrick DL, 
Perrin E, et al. Assessing health status and quality-of-life in-
struments: Attributes and review criteria. Quality of Life Re-
search. 2002; 11(3):193-205. [DOI:10.1023/A:1015291021312] 
[PMID]

[23] Terwee CB, Bot SD, de Boer MR, van der Windt DA, Knol 
DL, Dekker J, et al. Quality criteria were proposed for meas-
urement properties of health status questionnaires. Journal 
of Clinical Epidemiology. 2007; 60(1):34-42. [DOI:10.1016/j.
jclinepi.2006.03.012] [PMID]

[24] Carmines EG, Zeller RA. Reliability and valid-
ity assessment. California: SAGE Publications Inc; 1979. 
[DOI:10.4135/9781412985642]

[25] van de Ven-Stevens LA, Munneke M, Terwee CB, 
Spauwen PH, van der Linde H. Clinimetric properties of 
instruments to assess activities in patients with hand in-
jury: A systematic review of the literature. Archives of 
Physical Medicine and Rehabilitation. 2009; 90(1):151-69. 
[DOI:10.1016/j.apmr.2008.06.024] [PMID]

[26] Portney LG, Watkins MP. Foundation of clinical research: 
Application to practice. New Jersey: Pearson/Prentice Hall; 
2009. [Link]

[27] Ashkezari MH, Saadatian A, Falah HR, Yakhdani SA. 
[Epidemiology of sports injuries in basketball, volleyball, 
and handball in Iran: A systematic review (Persian)]. The 
Scientific Journal of Rehabilitation Medicine. 2020; 9(4):344-
57. [Link]

[28] Zsidai A, Kocsis L. Ultrasound based measuring-di-
agnostic and muscle activity measuring system for spinal 
analysis. Technology and Health Care : Official Journal of 
the European Society for Engineering and Medicine. 2006; 
14(4-5):243-50. [DOI:10.3233/THC-2006-144-507] [PMID]

 Zanguie H, et al. Validity and Reliability of Non-Invasive Methods. JMR. 2023; 17(3):251-262

July 2023, Volume 17, Number 3

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/j.bjpt.2017.08.001
https://www.ncbi.nlm.nih.gov/pubmed/29097026
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5693453
https://doi.org/10.1097/BRS.0b013e31819c11f8
https://www.ncbi.nlm.nih.gov/pubmed/19404180
https://doi.org/10.1097/BRS.0b013e3181d13039
https://www.ncbi.nlm.nih.gov/pubmed/20505565
https://doi.org/10.32598/JMR.13.1.49
https://doi.org/10.32598/JMR.13.1.49
https://doi.org/10.1093/ageing/12.3.225
https://www.ncbi.nlm.nih.gov/pubmed/6624608
https://doi.org/10.1097/00007632-199809150-00013
https://www.ncbi.nlm.nih.gov/pubmed/9779531
https://doi.org/10.3233/BMR-2004-17107
https://doi.org/10.3233/BMR-2004-17107
https://brieflands.com/articles/zjrms-93492.pdf
https://doi.org/10.2519/jospt.1986.8.4.180
https://doi.org/10.2519/jospt.1986.8.4.180
https://www.ncbi.nlm.nih.gov/pubmed/18802227
https://www.researchgate.net/profile/Foad-Seidi/publication/256417662_Iranian_Flexible_ruler_Reliability_and_Validity_in_Lumbar_Lordosis_Measurement/links/00b4952551ea185259000000/Iranian-Flexible-ruler-Reliability-and-Validity-in-Lumbar-Lordosis-Measurement.pdf
https://doi.org/10.1097/00007632-198906000-00006
https://doi.org/10.1097/00007632-198906000-00006
https://www.ncbi.nlm.nih.gov/pubmed/2749372
https://doi.org/10.1097/BRS.0b013e3181cbc157
https://www.ncbi.nlm.nih.gov/pubmed/20505568
https://doi.org/10.1007/s00586-003-0618-8
https://www.ncbi.nlm.nih.gov/pubmed/14661104
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3476568
https://doi.org/10.1016/j.annrmp.2006.03.001
https://doi.org/10.1016/j.annrmp.2006.03.001
https://www.ncbi.nlm.nih.gov/pubmed/16630669
https://doi.org/10.1016/j.jmpt.2008.09.001
https://doi.org/10.1016/j.jmpt.2008.09.001
https://www.ncbi.nlm.nih.gov/pubmed/18984239
https://doi.org/10.1016/j.pmrj.2012.01.009
https://www.ncbi.nlm.nih.gov/pubmed/22464951
https://doi.org/10.1023/A:1015291021312
https://www.ncbi.nlm.nih.gov/pubmed/12074258
https://doi.org/10.1016/j.jclinepi.2006.03.012
https://doi.org/10.1016/j.jclinepi.2006.03.012
https://www.ncbi.nlm.nih.gov/pubmed/17161752
https://doi.org/10.4135/9781412985642
https://doi.org/10.1016/j.apmr.2008.06.024
https://www.ncbi.nlm.nih.gov/pubmed/19154842
http://babymariam.gm/sites/default/files/webform/pdf-foundations-of-clinical-research-applications-to-practice-3rd-e-leslie-g-portney-mary-p-watkins-pdf-download-free-book-d3094a3.pdf
https://www.researchgate.net/profile/Abouzar-Saadatian-2/publication/370073447_SJRM_Volume_9_Issue_4_Pages_344-357/links/643e4b8e2eca706c8b68442b/SJRM-Volume-9-Issue-4-Pages-344-357.pdf
https://doi.org/10.3233/THC-2006-144-507
https://www.ncbi.nlm.nih.gov/pubmed/17065747


261

[29] Chaise FO, Candotti CT, Torre ML, Furlanetto TS, Pelin-
son PP, Loss JF. Validation, repeatability and reproducibil-
ity of a noninvasive instrument for measuring thoracic and 
lumbar curvature of the spine in the sagittal plane. Revista 
Brasileira de Fisioterapia (Sao Carlos (Sao Paulo, Brazil). 
2011; 15(6):511-7. [DOI:10.1590/S1413-35552011005000031] 
[PMID]

[30] Leroux MA, Zabjek K, Simard G, Badeaux J, Coil-
lard C, Rivard CH. A noninvasive anthropometric tech-
nique for measuring kyphosis and lordosis: An applica-
tion for idiopathic scoliosis. Spin. 2000; 25(13):1689-94. 
[DOI:10.1097/00007632-200007010-00012] [PMID]

[31] Tran TH, Wing D, Davis A, Bergstrom J, Schousboe JT, 
Nichols JF, et al. Correlations among four measures of tho-
racic kyphosis in older adults. Osteoporosis International. 
2016; 27(3):1255-9. [DOI:10.1007/s00198-015-3368-7] [PMID] 
[PMCID]

[32] Sangtarash F, Manshadi FD, Sadeghi A, Tabatabaee SM, 
Gheysari AM. Validity and reliability of dual digital incli-
nometer in measuring thoracic kyphosis in women over 45 
Years. Journal of Spine. 2014; 3(3):17. [Link]

[33] Willner S. Spinal pantograph-a non-invasive technique 
for describing kyphosis and lordosis in the thoraco-lumbar 
spine. Acta Orthopaedica Scandinavica. 1981; 52(5):525-9. 
[DOI:10.3109/17453678108992142] [PMID]

[34] Ripani M, Di Cesare A, Giombini A, Agnello L, Fagnani F, 
Pigozzi F. Spinal curvature: Comparison of frontal measure-
ments with the Spinal Mouse and radiographic assessment. 
The Journal of Sports Medicine and Physical Fitnes. 2008; 
48(4):488-94. [PMID]

[35] de Oliveira TS, Candotti CT, La Torre M, Pelinson PP, Fur-
lanetto TS, Kutchak FM, et al. Validity and reproducibility of 
the measurements obtained using the flexicurve instrument 
to evaluate the angles of thoracic and lumbar curvatures of 
the spine in the sagittal plane. Rehabilitation Research and 
Practice. 2012; 2012:186156. [DOI:10.1155/2012/186156] 
[PMID] [PMCID]

[36] Yousefi M, Ilbiegi S, Naghibi SE, Farjad Pezeshk SA, 
Zanguee H. Reliability of Body Landmark Analyzer (BLA) 
system for measuring hyperkyphosis and hyperlordosis ab-
normalities. Journal of Advanced Sport Technology. 2020; 
4(1):20-9. [Link]

[37] Plichta SB, Kelvin EA. Munro’s statistical methods for 
health care research. Amsterdam: Wolters Kluwer Health/
Lippincott Williams & Wilkins; 2011. [Link]

[38] De Smet AA, Robinson RG, Johnson BE, Lukert BP. Spinal 
compression fractures in osteoporotic women: Patterns and 
relationship to hyperkyphosis. Radiology. 1988; 166(2):497-
500. [DOI:10.1148/radiology.166.2.3336728] [PMID]

[39] Kado DM, Christianson L, Palermo L, Smith-Bindman 
R, Cummings SR, Greendale GA. Comparing a supine ra-
diologic versus standing clinical measurement of kypho-
sis in older women: The fracture intervention trial. Spine. 
2006; 31(4):463-7. [DOI:10.1097/01.brs.0000200131.01313.a9] 
[PMID] [PMCID]

[40] D'Osualdo F, Schierano S, Iannis M. Validation of clinical 
measurement of kyphosis with a simple instrument, the ar-
cometer. Spine. 1997; 22(4):408-13. [DOI:10.1097/00007632-
199702150-00011] [PMID]

[41] Chen YL. Vertebral centroid measurement of lumbar 
lordosis compared with the cobb technique. Spine. 1999; 
24(17):1786-90. [DOI:10.1097/00007632-199909010-00007] 
[PMID]

[42] Harrison DE, Cailliet R, Harrison DD, Janik TJ, Holland 
B. Reliability of centroid, cobb, and harrison posterior tan-
gent methods: Which to choose for analysis of thoracic ky-
phosis. Spine. 2001; 26(11):E227-34. [DOI:10.1097/00007632-
200106010-00002] [PMID]

[43] Lewis JS, Valentine RE. Clinical measurement of the tho-
racic kyphosis. A study of the intra-rater reliability in sub-
jects with and without shoulder pain. BMC Musculoskel-
etal Disorders. 2010; 11:39. [DOI:10.1186/1471-2474-11-39] 
[PMID] [PMCID]

[44] Van Blommestein AS, MaCrae S, Lewis JS, Morrissey MC. 
Reliability of measuring thoracic kyphosis angle, lumbar 
lordosis angle and straight leg raise with an inclinometer. 
The Open Spine Journal. 2012; 4:10-5. [DOI:10.2174/18765
32701204010010]

[45] Sheeran L, Sparkes V, Busse M, van Deursen R. Prelimi-
nary study: Reliability of the spinal wheel. A novel device to 
measure spinal postures applied to sitting and standing. Eu-
ropean Spine Journal. 2010; 19( 6):995-1003. [DOI:10.1007/
s00586-009-1241-0] [PMID] [PMCID]

[46] Teixeira FA, Carvalho GA. Reliability and validity of 
thoracic kyphosis measurements using flexicurve method. 
Brazilian Journal of Physical Therapy. 2007; 11(3):199-204. 
[Link]

[47]  Goh S, Price RI, Leedman PJ, Singer KP. A comparison 
of three methods for measuring thoracic kyphosis: Implica-
tions for clinical studies. Rheumatology. 2000; ;39(3):310-5. 
[DOI:10.1093/rheumatology/39.3.310] [PMID]

[48] Greendale GA, Nili NS, Huang MH, Seeger L, Karlaman-
gla AS. The reliability and validity of three non-radiological 
measures of thoracic kyphosis and their relations to the 
standing radiological Cobb angle. Osteoporosis Internation-
al. 2011; 22(6):1897-905. [DOI:10.1007/s00198-010-1422-z] 
[PMID] [PMCID]

[49] Korovessis P, Petsinis G, Papazisis Z, Baikousis A. 
Prediction of thoracic kyphosis using the debrunner ky-
phometer. Journal of Spinal Disorders. 2001; 14(1):67-72.
[DOI:10.1097/00002517-200102000-00010] [PMID]

[50] Saad KR, Colombo AS, Ribeiro AP, João SM. Reliability of 
photogrammetry in the evaluation of the postural aspects of 
individuals with structural scoliosis. Journal of Bodywork 
and Movement Therapies. 2012; 16(2):210-6. [DOI:10.1016/j.
jbmt.2011.03.005] [PMID]

[51] O'Haire C, Gibbons P. Inter-examiner and intra-examiner 
agreement for assessing sacroiliac anatomical landmarks 
using palpation and observation: Pilot study. Manual Ther-
apy. 2000; 5(1):13-20. [DOI:10.1054/math.1999.0203] [PMID]

[52] French SD, Green S, Forbes A. Reliability of chiroprac-
tic methods commonly used to detect manipulable lesions 
in patients with chronic low-back pain. Journal of Ma-
nipulative & Physiological Therapeutics. 2000; 23(4):231-8. 
[DOI:10.1067/mmt.2000.106101] [PMID]

 Zanguie H, et al. Validity and Reliability of Non-Invasive Methods. JMR. 2023; 17(3):251-262

July 2023, Volume 17, Number 3

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1590/S1413-35552011005000031
https://www.ncbi.nlm.nih.gov/pubmed/22045292
https://doi.org/10.1097/00007632-200007010-00012
https://www.ncbi.nlm.nih.gov/pubmed/10870144
https://doi.org/10.1007/s00198-015-3368-7
https://www.ncbi.nlm.nih.gov/pubmed/26475287
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5332161
https://www.researchgate.net/profile/Fatemeh-Sangtarash/publication/270373333_Validity_and_Reliability_of_Dual_Digital_Inclinometer_in_Measuring_Thoracic_Kyphosis_in_Women_over_45_Years/links/566b23ed08ae430ab4f998b1/Validity-and-Reliability-of-Dual-Digital-Inclinometer-in-Measuring-Thoracic-Kyphosis-in-Women-over-45-Years.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://doi.org/10.3109/17453678108992142
https://www.ncbi.nlm.nih.gov/pubmed/7331788
https://pubmed.ncbi.nlm.nih.gov/18997653/
https://doi.org/10.1155/2012/186156
https://www.ncbi.nlm.nih.gov/pubmed/22619723
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3348664
https://jast.uma.ac.ir/article_917.html
https://doi.org/10.1148/radiology.166.2.3336728
https://www.ncbi.nlm.nih.gov/pubmed/3336728
https://doi.org/10.1097/01.brs.0000200131.01313.a9
https://www.ncbi.nlm.nih.gov/pubmed/16481959
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4964957
https://doi.org/10.1097/00007632-199702150-00011
https://doi.org/10.1097/00007632-199702150-00011
https://www.ncbi.nlm.nih.gov/pubmed/9055369
https://doi.org/10.1097/00007632-199909010-00007
https://www.ncbi.nlm.nih.gov/pubmed/10488508
https://doi.org/10.1097/00007632-200106010-00002
https://doi.org/10.1097/00007632-200106010-00002
https://www.ncbi.nlm.nih.gov/pubmed/11389406
https://doi.org/10.1186/1471-2474-11-39
https://www.ncbi.nlm.nih.gov/pubmed/20193055
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2845095
https://doi.org/10.2174/1876532701204010010
https://doi.org/10.2174/1876532701204010010
https://doi.org/10.1007/s00586-009-1241-0
https://doi.org/10.1007/s00586-009-1241-0
https://www.ncbi.nlm.nih.gov/pubmed/20013001
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2899977
https://www.scielo.br/j/rbfis/a/xy7tWRM8XZJ8bvQz4RPTyhj/abstract/?lang=en
https://doi.org/10.1093/rheumatology/39.3.310
https://www.ncbi.nlm.nih.gov/pubmed/10788541
https://doi.org/10.1007/s00198-010-1422-z
https://www.ncbi.nlm.nih.gov/pubmed/20938766
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3092935
https://doi.org/10.1097/00002517-200102000-00010
https://www.ncbi.nlm.nih.gov/pubmed/11242276
https://doi.org/10.1016/j.jbmt.2011.03.005
https://doi.org/10.1016/j.jbmt.2011.03.005
https://www.ncbi.nlm.nih.gov/pubmed/22464119
https://doi.org/10.1054/math.1999.0203
https://www.ncbi.nlm.nih.gov/pubmed/10688955
https://doi.org/10.1067/mmt.2000.106101
https://www.ncbi.nlm.nih.gov/pubmed/10820295


262

[53] Billis EV, Foster NE, Wright CC. Reproducibility and 
repeatability: Errors of three groups of physiotherapists in 
locating spinal levels by palpation. Manual Therapy. 2003; 
8(4):223-32. [DOI:10.1016/S1356-689X(03)00017-1] [PMID]

[54] Dunk NM, Chung YY, Compton DS, Callaghan JP. The 
reliability of quantifying upright standing postures as a 
baseline diagnostic clinical tool. Journal of Manipulative & 
Physiological Therapeutics. 2004; 27(2):91-6. [DOI:10.1016/j.
jmpt.2003.12.003] [PMID]

[55] Haneline MT, Young M. A review of intraexaminer 
and interexaminer reliability of static spinal palpation: 
A literature synthesis. Journal of Manipulative & Physi-
ological Therapeutics. 2009; 32(5):379-86. [DOI:10.1016/j.
jmpt.2009.04.010] [PMID]

 Zanguie H, et al. Validity and Reliability of Non-Invasive Methods. JMR. 2023; 17(3):251-262

July 2023, Volume 17, Number 3

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/S1356-689X(03)00017-1
https://www.ncbi.nlm.nih.gov/pubmed/14559045
https://doi.org/10.1016/j.jmpt.2003.12.003
https://doi.org/10.1016/j.jmpt.2003.12.003
https://www.ncbi.nlm.nih.gov/pubmed/14970809
https://doi.org/10.1016/j.jmpt.2009.04.010
https://doi.org/10.1016/j.jmpt.2009.04.010
https://www.ncbi.nlm.nih.gov/pubmed/19539121

