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Abstract

Introduction. The use of smartphone technology and software (apps), in addition to an inclinometer and goniometer, has ex-
panded the clinician’s assessment possibilities. However, the legitimacy and trustworthiness of these cell phones and applications
are still questioned. This study aimed to determine the reliability and concurrent validity of the iHandy level mobile application
to measure the thoracolumbar range of motion in people with low back pain.

Methods. This descriptive study included 40 participants, of which 20 were symptomatic, and 20 were asymptomatic for non-
specific chronic pain in the lower back. Measurements were taken for extension, flexion, and left and right-side bending range
of motion (ROM). Two investigators were involved. One measured ROM values with a Samsung iHandy level and inclinometer,
and the second investigator registered the data. Two values were taken and the mean was used for further analysis. Measure-
ments were taken at baseline and one-week follow-up.

Results. In asymptomatic participants, the mobile application had ICC values of 0.81, 0.70, 0.79, and 0.85, while in symptomatic,
regarding intra-rater reliability, these were 0.80, 0.78, 0.81Regarding the concurrent validity of mobile apps in asymptomatic
patients, ICC values were 0.94, 0.93, 0.84, and 0.89, while in symptomatic patients, the ICC values were found to be 0.92, 0.89,
0.83, and 0.85 for flexion, extension, RLF, and LLF, respectively. These showed an excellent correlation between the inclinometer
and mobile app regarding intra-rater reliability and concurrent validity.

Conclusions. iHandy level smartphone applications might be considered reliable and valid for assessing thoracolumbar motion
ranges in individuals with chronic pain in the lower back.
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Introduction

Low back pain (LBP) is widespread. Back discomfort is
a symptom, not a sickness or a medical condition. It affects
almost all countries, including high-income, middle-income,
and low-income, and involves people of all ages, from small
children to older adults. It is estimated that from 1990 to 2015,
the rate of disability due to (LBP) increased by 54% worldwide;
specifically, middle- and lower-class countries showed a more
significant upward trend than others. The main reason is the
increasing population and age [1]. Age may be a contribut-
ing factor due to pain and restrictions in social and physical
functions, leading to the deterioration of soft tissues. Now,
the leading cause of disability worldwide is LBP. Data pro-
vides evidence that the prevalence of many populations with
LBP and years lived with a disability has also risen signifi-
cantly [2].

LBP is characterized by aching and discomfort limited be-
tween the costal margins and the inferior gluteal area, includ-
ing referred or non-referred pain in the leg [3]. Chronic LBP
(CLBP) is described as pain in the back that remains for at
least three months. In 85% of chronic pain disorders, the LBP
is classified as non-specific chronic LBP (NSCLBP) because
of unknown causes [2].

The point prevalence of NSCLBP is estimated to be al-
most 18% and is the reason for a substantial economic strain
on the healthcare system and people’s lives [4]. NSCLBP
persists as a deteriorating condition, making activities of daily

living (ADLs) and quality of life of affected individuals difficult
regardless of the latest efforts to understand the underlying
mechanism. The most suggested risk factor for developing
NSCLBP is a sedentary lifestyle, such as extended time sitting
as an office worker and free time with less than 600 meta-
bolic equivalent minutes/week. These inactive habits decrease
muscular strength and cause muscle atrophy and neuromus-
cular efficiency reduction. All these things lead to pain and
lower postural control [5]. The range of motion (ROM) meas-
urements of joints, either static or dynamic, active or passive,
are crucial in musculoskeletal examination [6]. Goniometers
have long been used to measure the ROM of peripheral joints,
but their reliability is reduced when it comes to the spine be-
cause palpation of reference points in the spine is challeng-
ing [7]-

Many studies have proven the inclinometer’s reliability
and validity, but the analyses were primarily performed on
healthy individuals. Accessibility in clinics and doctor knowl-
edge of the measuring protocols might be limitations of the
inclinometer [8, 9].

Not long ago, smartphones were used to monitor joint
movement and provide the same or more reliable measure-
ments than goniometers. Explicitly, smartphone software
applications (apps) are coded to measure joint movement.
Smartphones are cost-effective, straightforward, and ex-
tremely handy. Smartphone software apps designed for as-
sessing joint ROM have the potential to offer healthcare pro-
fessionals an innovative clinical instrument for evaluating
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joint functionality and identifying disparities in joint motion
[10, 11] Several types of research have already been per-
formed to check the reliability of smartphone apps to measure
ROM in joints [7, 11-15]. Moreover, most previous studies
have been conducted on asymptomatic subjects [16].

In 2019, Keogh et al. [7] researched using a smartphone
app and an inclinometer to assess the concurrent validity of
thoracolumbar ROM and intra-rater reliability in adults with
back pain and without pain. According to the findings of this
study, both instruments displayed robust connections with
each other, indicating the effectiveness of the smartphone
app. In 2020, Monreal et al. [17] performed an analysis to ex-
amine the intra-rater reliability and validity of the Clinometer
app in measuring cervical motion ranges and to determine
minimal detectable changes and the standard error of meas-
urements. The results demonstrated that measurements be-
tween devices had moderate to excellent validity and test-
retest reliability [17]. Furness et al. focused on a similar analysis
in 2018 to analyse the reliability and validity of Compass (an
app for iPhone) in measuring rotational ranges in motion of
the thoracic spine in the healthy population. A significant posi-
tive correlation was found between the universal goniometer
and the Compass app, suggesting the Compass app to be
a valid and reliable tool in clinical settings [18].

Although concurrent validity and reliability of an inclinom-
eter and the iHandy level mobile app were found in previous
literature, there was a literature gap in intra-rater reliability af-
ter one week. Thus, the primary objective of this study was to
take measurements after one week to determine the relia-
bility and concurrent validity of the “iHandy Level” android app
to investigate the thoracolumbar motion ranges in patients
with pain in their lower back.

Subjects and methods
Study design

The study design was descriptive.
Setting

The study was conducted at Central Park College of Al-
lied Health Sciences, Lahore, Pakistan.

Duration of study

The study was completed six months after the approval
of the synopsis.

Sample size

A sample size of 40 was calculated. The sample size was
based on previous literature; a minimum of 20 participants
was necessary to achieve a minimally significant ICC value
of 0.61, alpha of 5%, and power of 80% as computed using
the website http://www.openepi.com [19]. The study included
20 subjects without symptoms and 20 with non-specific pain
in the lower back.

Inclusion criteria

For asymptomatic subjects [11]

— 20 to 50 years of age

— Both males and females

— No back discomfort or history of musculoskeletal damage
— Willing to participate in the study

For symptomatic patients (LBP)

— Age 20 to 50 years

— Both males and females

— Non-specific chronic pain in the lower back present for
at least a three-month duration

— Willing to participate in the study [9]

Exclusion criteria [19]

— Patients with any diagnosis of fracture or spinal tumour

— Ankylosing spondylitis

— Disc herniation, lumbar stenosis, neurological involve-
ment, spondylolisthesis

— History of back surgery

— Fibromyalgia

— Pregnancy

Data collection tool

— Bubble inclinometer
— Samsung Galaxy S21 model smartphone with iHandy
level application.

Procedures

All the participants were selected using the fixed criteria.
Analyst 1 measured spinal ROM, and Analyst 2 documented
the measured ROM values. Subjects were first given warm-
up exercises for two minutes. The warm-up exercises selected
were pelvic rotations with knees bent to 90 degrees and pel-
vic rotations of 30 to 45 degrees to the right and left for two
minutes. After the warm-up, subjects were asked to stand
comfortably while their skin was marked with a dry-erase
marker at the T12 spinous process level. As explained by Well-
mon et al., this was employed as a landmark for positioning
the inclinometer [19]. The smartphone’s position was with
its top edge touching the skin and central area at the level of
the T12 spinous process to measure extension and flexion.
The inclinometer was placed with its base against the sub-
ject’s skin, and its centre was aligned with the T12 level. Both
instruments were set at the T12 level for LF measurements,
with their screens facing analyst one. The subjects were in-
formed on all of the anterior, posterior, right lateral, and left
LF movements. After that, they were asked to perform one
practice session. The purpose was to familiarize participants
with the movements. After that, subjects stood comfortably
and were allowed to perform each movement at an accept-
able pace. Each performance was done two times and the
mean of the repetitions was utilized for assessment. At the
start, subjects were instructed to perform flexion and exten-
sion until the limit of ROM. However, during hyperextension,
they were instructed to place both hands at the L4-L5 level
to maintain balance while executing hyperextension. Subjects
were instructed to perform LF by sliding their hand down the
side of their thigh as far as possible while keeping their torso
and head facing forward, first to the right and then to the left.
The next week following the initial examination, the individu-
als were invited to return to the clinic for a second test iden-
tical to the first, with the mobile device only.

Statistical analysis

Data was analysed using SPSS 25. Descriptive analyses
were used to review the participants’ demographic data. Cron-
bach’s alpha and intraclass correlation coefficients (ICCs)
were utilized to measure intra-rater reliability, and the Pear-
son correlation test was applied to determine the concurrent
validity of the mobile app.
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Results

Forty participants were included in the study; 20 were
symptomatic, and 20 were asymptomatic. All the participants
completed the study without any dropouts. Characteristics
of all the participants are provided in Table 1.

The mean and SD values for ROM measurements at zero
hours for the inclinometer and mobile app and after one week,
only for the mobile app are shown in Table 2.

ICC values in both symptomatic and asymptomatic par-
ticipants, regarding intra-rater reliability of the mobile app,
showed good reliability for flexion and left and right LF but
showed moderate reliability for extension. The values of Cron-
bach’s alpha showed good reliability for all measurements
(Table 3).

Concurrent validity of the mobile app for both symptomatic
and asymptomatic participants showed that for flexion ROM,
the ICC value with p-value < 0.001 showed a good to an ex-
cellent correlation between the inclinometer and mobile app.
For extension ROM, Lateral right flexion, and left flexion ROM,
the ICC value with p-value < 0.001 showed a moderate to good
correlation betwixt the inclinometer and mobile app (Table 4).

Discussion

The current study aimed to assess the intra-rater reliability
and concurrent validity of the Android iHandy level mobile app
and the bubble inclinometer for determining thoracolumbar
ROM in 20 healthy people and 20 people with NSCLBP. Be-
cause these movements are fundamental when analysing the

Table 1. Characteristics of the participants

Groups Age Height Weight BMI Gender
P (mean + SD) (mean + SD) (mean + SD) (mean + SD) Y%age
. male: 60%
Symptomatic 36.90 + 8.84 1.655+0.10 71.15+£11.10 25.933 £ 2.93 female: 40%
. male: 45%
Asymptomatic 39.85+9.77 1.62 £ 0.11 76.6 + 11.54 29.41 £5.07 female: 55%

BMI — body mass index

Table 2. Mean and standard deviation of ROM

Device Day Flexion Extension Right LF Left LF
(mean + SD) (mean + SD) (mean + SD) (mean + SD)
Symptomatic participants
inclinometer zero hour 78.95 + 6.52 28.25+1.68 30.20 + 4.09 28.70 + 3.96
mobile app zero hour 85.75 + 6.83 27.90 £ 2.07 27.70 £ 1.83 31.40 £ 2.98
mobile app 1 week 83.60 + 5.69 28.20 + 1.88 29.65 + 3.31 31.65+2.53
Asymptomatic subjects
inclinometer zero hour 82.74 £ 6.79 26.89 +2.92 29.01 £3.37 28.89 + 3.24
mobile app zero hour 84.34 + 6.91 28.69 +2.82 30.71 £ 3.27 30.52 + 3.44
mobile app 1 week 83.82 + 6.74 28.23 +3.42 30.51 +3.44 30.21 + 3.21
LF — lateral flexion
Table 3. Intra-rater reliability for the iHandy application
Measurements Flexion Extension Right LF Left LF
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Symptomatic participants
ICC 0.80 0.78 0.81 0.79
95% Cl 0.38-0.87 0.54-0.92 0.56-0.91 0.58-0.92
significance < 0.001 < 0.001 < 0.001 < 0.001
CA 0.89 0.86 0.89 0.88
Asymptomatic participants
ICC 0.81 0.70 0.79 0.85
95% Cl 0.59-0.92 0.38-0.87 0.56-0.91 0.50-0.94
significance < 0.001 < 0.001 < 0.001 < 0.001
CA 0.89 0.87 0.88 0.89

ICC —interclass correlation coefficient, Cl — confidence interval, CA — Cronbach’s alpha, LF — lateral flexion
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Table 4. Concurrent reliability of the inclinometer and mobile app

Measurements ICC 95% ClI Correlation coefficient (r)
Symptomatic subjects
flexion 0.92 0.86-0.97 0.80
extension 0.89 0.85-0.98 0.70
right LF 0.83 0.67-0.85 0.61
left LF 0.85 0.71-0.93 0.71
Asymptomatic subjects
flexion 0.94 0.86-0.97 0.82
extension 0.93 0.85-0.98 0.75
right LF 0.85 0.67-0.85 0.62
left LF 0.89 0.71-0.93 0.73

ICC - interclass correlation coefficient, Cl — confidence interval, LF — lateral flexion

lumbar spine in any scenario, the intra-rater reliability and
concurrent validity were tested for four lumbar spine motions
(flexion, extension, and left and right LF). The results revealed
a strong connection between the two instruments, demon-
strating the app’s validity. Furthermore, the measurements
obtained demonstrated excellent intra-rater reliability in asymp-
tomatic participants and moderate to good intra-rater reli-
ability in persons with LBP.

Regarding intra-rater reliability, the Samsung app had
ICC values in asymptomatic participants of 0.81, 0.70, 0.79,
and 0.85 for thoracolumbar flexion, extension, right LF and left
LF, respectively. All these values showed good reliability for
flexion, moderate reliability for extension, and good reliability
for right LF and left LF.

In previous studies involving symptomatic LBP patients,
it was observed that the smartphone device’s dependability
for core movements was evaluated as very significant, where-
as the consistency for other movements was scored as ex-
cellent. Most research on the reliability of devices for deter-
mining spine ROM has been done on healthy individuals.
Only four of the 86 papers primarily acknowledged for analy-
sis in Littlewood, and May’s examination met the enclosure
standards by encompassing individuals with chronic back
pain. Additionally, only one of the studies mentioned sought
to analyze the use of a smartphone app on patients [19].

There are variations in backbone flexibility between healthy
participants and those with chronic LBP, as has been widely
reported. Patient ROM volatility is frequently larger than that
of non-pain respondents, as Elgueta-Cancino et al. reported
in 2015 [20]. This is supported by current study data, which
showed a reduced value in ICC. Several factors can be re-
sponsible for these variations, including fear of aggravating
the pain, which causes fear-avoidance behaviour, as ex-
plained by Sanchez-Zuriaga et al. in 2014 [21].

In conjunction with its validity, the instrument’s reliability
was assessed in the current study on LBP individuals as well
as healthy patients in all four lumbar movements, which is an
important statistical feature for quantifiable and technical prac-
tice. According to this study’s results, the intra-rater reliability
of the smartphone app is relatively high. Based on the current
study’s results, the mobile app has a very good intra-rater reli-
ability for scrutiny in healthy subjects. This is per the results of
the study done by Macedo et al. [11].

When comparing healthy individuals to patients with
chronic LBP of a non-specific nature, a study by Zawadka

et al. in 2018 [22] showed non-statistically significant results,
implying that the assessment equipment was not sufficiently
reliable and that the sample was heterogeneous. However,
in the current study, the ICC values for thoracolumbar flex-
ion, extension, right LF, and left LF were 0.80, 0.78, 0.81,
and 0.79, respectively. These results exhibited good flexion
reliability, moderate extension reliability, and good left and
right LF reliability. Therefore, this study contends that the mo-
bile app can serve as a ROM assessment tool that aligns
with inclinometry, presenting a more readily available, cost-
effective, and user-friendly alternative.

The use of this app has introduced a valuable resource for
converting measurements into meaningful assessments, par-
ticularly in the context of joint ROM. One notable advantage
of these apps is their potential to address the challenges as-
sociated with landmark identification and alignment, which
are common issues when using traditional tools like the uni-
versal goniometer [23, 24]. However, the extent to which smart-
phone apps can completely mitigate the drawbacks of the
universal goniometer may hinge on the technology they em-
ploy and the clinician’s familiarity with this alternative method
[7]. Consequently, the introduction of smartphone apps into
clinical practice offers healthcare professionals a new array
of tools to integrate into their work, particularly for assessing
complex joint ROMs that can be challenging to quantify.

According to the current study’s findings, the iHandy level
mobile app is a viable and reliable instrument for assessing
thoracolumbar ROM in people with and without chronic LBP.

Limitations

It was challenging to convince the participants to visit the
clinic the following week to take second measurements using
the Mobile app.

Conclusions

It was concluded that the iHandy level smartphone app
might be considered a reliable and valid instrument to assess
thoracolumbar ROM for individuals with chronic pain in the
lower back.

Ethical approval
The research related to human use has complied with all
the relevant national regulations and institutional policies,

71



72

N. liaz, S. Riaz, T. Raza, S. Ali
Reliability and validity of iHandy level

Physiother Quart 2024, 32(4)

has followed the tenets of the Declaration of Helsinki, and has
been approved by the Riphah College of Rehabilitation and
Allied Health Sciences, Riphah International University Re-
search and Ethics Committee (approval No.: REC/RCR &
AHS/21/0124).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Disclosure statement
No author has any financial interest or received any finan-
cial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

Funding
This research received no external funding.

References

[1] Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Fer-
reira ML, Genevay S, Hoy D, Karppinen J, Pransky G, Sie-
per J, Smeets RJ, Underwood M; Lancet Low Back Pain
Series Working Group. What low back pain is and why we
need to pay attention. Lancet. 2018;391(10137):2356—
67; doi: 10.1016/S0140-6736(18)30480-X.

[2] Russo M, Deckers K, Eldabe S, Kiesel K, Gilligan C,
Vieceli J, Crosby P. Muscle control and non-specific
chronic low back pain. Neuromodulation. 2018;21(1):
1-9; doi: 10.1111/ner.12738.

[3] Chiarotto A, Koes BW. Non-specific low back pain. N Engl
J Med. 2022;386(18):1732-40; doi: 10.1056/NEJM-
cp2032396.

[4] Oliveira CB, Maher CG, Pinto RZ, Traeger AC, Lin C-WC,
Chenot J-F, van Tulder M, Koes BW. Clinical practice
guidelines for the management of non-specific low back
pain in primary care: an updated overview. Eur Spine J.
2018;27(11):2791-803; doi: 10.1007/s00586-018-5673-2.
Alsufiany MB, Lohman EB, Daher NS, Gang GR, Shal-
lan Al, Jaber HM. Non-specific chronic low back pain
and physical activity: a comparison of postural control
and hip muscle isometric strength: a cross-sectional
study. Medicine. 2020;99(5):e18544; doi: 10.1097/MD.
0000000000018544.

[6] Jayavel A, Misra P, Sivakumar V. Reliability and validity
of I handy android application on measurement of lum-
bar spine movement in patients with low back pain. Int
J Clin Skills. 2017;11(3):84-8.

[7]1 Keogh JW, Cox A, Anderson S, Liew B, Olsen A, Schram
B, Furness J. Reliability and validity of clinically acces-
sible smartphone applications to measure joint range of
motion: a systematic review. PLOS ONE. 2019;14(5):
€0215806; doi: 10.1371/journal.pone.0215806.

[8] Pourahmadi MR, Taghipour M, Jannati E, Mohseni-Band-

pei MA, Takamijani |E, Rajabzadeh F. Reliability and va-

lidity of an iPhone® application for the measurement of
lumbar spine flexion and extension range of motion.

Peerd. 2016;4:€2355; doi: 10.7717/peerj.2355.

Kolber MJ, Pizzini M, Robinson A, Yanez D, Hanney WJ.

The reliability and concurrent validity of measurements

used to quantify lumbar spine mobility: an analysis of an

iphone® application and gravity based inclinometry. Int

J Sports Phys Ther. 2013;8(2):129.

[5

—_

[9

—_—

[10] Furness J, Schram B, Cox AJ, Anderson SL, Keogh J.
Reliability and concurrent validity of the iPhone® Com-
pass application to measure thoracic rotation range of
motion (ROM) in healthy participants. PeerJ. 2018;6:
e4431; doi: 10.7717/peerj.4431.

[11] de Brito Macedo L, Borges DT, Melo SA, da Costa KSA,
de Oliveira Sousa C, Brasileiro JS. Reliability and con-
current validity of a mobile application to measure thora-
columbar range of motion in low back pain patients. J
Back Musculoskelet Rehabil. 2020;33(1):145-51.

[12] Boudreau N, Brochu F-O, Dubreuil L-M, Laurendeau T,
Leblanc O, De Vette E, Tousignant-Laflamme Y. Reli-
ability and criterion validity of the “Gyroscope” applica-
tion of the iPod™ for measuring lumbar range of mo-
tion.dBackMusculoskelet Rehabil.2020;33(4):685-92;
doi: 10.3233/BMR-181184.

[13] Ceballos-Laita L, Mingo-Gomez T, Mar Latorre-Balsa M,
Jiménez-del-Barrio S. Reliability of two smartphone ap-
plications to measure the hip range of motion in asymp-
tomatic patients. Arch Phys Glob Res. 2019;23(1):21-7;
doi: 10.15442/apgr.23.1.3.

[14] Park H-Y, Hwang U-J, Kwon O-Y. The reliability and va-
lidity of the digital goniometer and smart phone to de-
termine trunk active range of motion in stroke patients.
Phys Ther Korea. 2022;29(3):225-34; doi: 10.12674/ptk.
2022.29.3.225.

[15] Nuhmani S, Khan MH, Kachanathu SJ, Bari MA, Abua-
lait TS, Muaidi Ql. Reliability and validity of smartphone
applications to measure the spinal range of motion:
a systematic review. Expert Rev Med Device. 2021;
18(9):893-901;d0oi:10.1080/17434440.2021.1962290.

[16] Céanovas-Ambit G, Garcia-Vidal JA, Martin-San Agustin
R, Dalla-Vecchia AA, Sanchez-Barbadora M, Medina-
Mirapeix F. Validity and reliability of Veloflex to measure
active cervical range of motion in asymptomatic and symp-
tomatic subjects. Peerd. 2021;9:e11228; doi: 10.7717/
peerj.11228.

[17] Monreal C, Luinstra L, Larkins L, May J. Validity and int-
rarater reliability using a smartphone clinometer appli-
cation to measure active cervical range of motion includ-
ing rotation measurements in supine. J Sport Rehabil.
2020;30(4):680—4; doi: 10.1123/jsr.2019-0422.

[18] Cana-Pino A, Espejo-Antinez L, Adsuar JC, Apolo-Are-
nas MD. Test-retest reliability of aniphone®inclinometer
application to assess the lumbar joint repositioning error
in non-specific chronic low back pain. Int J Environ Res
Public Health. 2021;18(5):2489; doi: 10.3390/ijerph180
52489.

[19] Wellmon RH, Gulick DT, Paterson ML, Gulick CN. Va-
lidity and reliability of 2 goniometric mobile apps: device,
application, and examiner factors. J Sport Rehabil. 2016;
25(4):371-9; doi: 10.1123/jsr.2015-0041.

[20] Elgueta-Cancino E, Schabrun S, Danneels L, Van Den
Hoorn W, Hodges P. Validation of a clinical test of thora-
columbar dissociation in chronic low back pain. J Orthop
Sports Phys Ther. 2015;45(9):703-12; doi: 10.2519/
jospt.2015.5590.

[21] Sanchez-Zuriaga D, Lopez-Pascual J, Garrido-Jaén D,
Garcia-Mas MA. A comparison of lumbopelvic motion
patterns and erector spinae behavior between asymp-
tomatic subjects and patients with recurrent low back
pain during pain-free periods. J Manipulative Physiol
Ther.2015;38(2):130-7; doi: 10.1016/j.jmpt.2014.11.002.

[22] Zawadka M, Skublewska-Paszkowska M, Gawda P, Lu-
kasik E, Smolka J, Jablonski M. What factors can affect


https://pubmed.ncbi.nlm.nih.gov/?term=Hoy+D&cauthor_id=29573870
https://pubmed.ncbi.nlm.nih.gov/?term=Pransky+G&cauthor_id=29573870
https://pubmed.ncbi.nlm.nih.gov/?term=Sieper+J&cauthor_id=29573870
https://pubmed.ncbi.nlm.nih.gov/?term=Sieper+J&cauthor_id=29573870
https://pubmed.ncbi.nlm.nih.gov/?term=Smeets+RJ&cauthor_id=29573870
https://pubmed.ncbi.nlm.nih.gov/?term=Underwood+M&cauthor_id=29573870
https://pubmed.ncbi.nlm.nih.gov/?term=Lancet+Low+Back+Pain+Series+Working+Group%255BCorporate+Author%255D
https://pubmed.ncbi.nlm.nih.gov/?term=Lancet+Low+Back+Pain+Series+Working+Group%255BCorporate+Author%255D

N. ljaz, S. Riaz, T. Raza, S. Ali
Physiother Quart 2024, 32(4) Reliability and validity of iHandy level

lumbopelvic flexion-extension motion in the sagittal
plane? A literature review. Hum Mov Sci. 2018;58:205-18.

[23] Yezzi-Woodley K, Calder J, Olver PJ, Cody P, Huffstut-
ler T, Terwilliger A, Melton JA, Tappen M, Coil R, Toste-
vin G. The virtual goniometer: demonstrating a new
method for measuring angles on archaeological mate-
rials using fragmentary bone. Archaeol Anthropol Sci.
2021;13(7):106; doi: 10.1007/s12520-021-01335-y.

[24] Aspinall S, Sparks T, King A, Price M, Godsiff S. A mo-
bile APP to replace the Goniometer? A pilot study focus-
ing on the measurement of knee range of movement.
J Sports Sci. 2019;7(3):71-80.

Copyright: © 2024 Wroclaw University of Health and Sport Sciences. This is an Open Access journal distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) (https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode), allowing
third parties to download and share its works but not commercially purposes or to create derivative works. 73



