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Abstract  

Background:  Rapid developments in technology have  

encouraged the use of smartphones in pediatric evaluation  

research and practice. Although many applications (apps)  

relating to physical activity are available from major smart-
phone platforms, relatively few have been tested in research  

studies to determine their effectiveness in evaluation of  

children strength and muscle power.  

Aim of Study:  The aim of the study to evaluate intra-rater  

reliability of smart phone application in measuring range of  

motion among normal children.  

Material and Methods:  In this article, we summarize data  
on use of smartphone apps for estimating range of motion  
based upon bibliographic searches with relevant search terms  
in PubMed and Google scholar.  

Results:  After screening the abstracts or full texts of  

articles, 20 eligible studies of the acceptability or efficacy of  

smartphone apps for increasing physical activity were identi-
fied. Of the 20 included studies, 9 were comparative research  
studies, 8 were reliability studies and 2was across sectional  

studies. The results indicate that smartphone appscan be  

efficacious in pediatric evaluation although the magnitude of  
the intervention effectis modest. Participants of various ages  

and genders respond favorably to apps that automaticallytrack  

range of motion, track progress toward evaluation goals, and  

areuser-friendly and flexible enough for use with several types  

of range of motion.  

Conclusions:  In conclusion, Dr Goniometer smart phone  
application can be used in clinical practice and research as  
an easy and convenient alternative to a digital and universal  

goniometer.  
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Introduction  

AN  accurate and reliable measurement of the Range  

of Motion (ROM) is fundamental in the physical  
examination and functional evaluation different  

joints, as well as in the monitoring and evaluation  

of training or rehabilitation programs [1] . Range  
of motion is a key measurement to help in detecting  

and diagnosing musculoskeletal deficits, monitoring  
treatment progression, and guiding the treatment  

plan [2] . ROM has traditionally been assessed using  

visual estimation or long-arm goniometry (universal  
and digital goniometers) [3,4] . Recently, high-speed  
cinematography, or radiographic measurements  

have been established as the most accurate method  

of evaluating ROM [5,6] . The digital or Electro  
Goniometer (EGM) seems to be effective to sim-
plify the physical therapists' work in the functional  
evaluation of different joints because it can be held  
by only one hand and other hand free to stabilize  
a body part during measurements [5-7] . It has very  
good interrater and interrater reliability as universal  
goniometer with no statistical difference between  

them [8] . With the use of applications that can be  
downloaded onto the smartphone, these measure-
ments can be transformed into meaningful assess-
ment data such as joint range of motion [9] . One  
of the clear benefits of Smartphone photography-
based goniometry over other devices is that it  

represents a portable tool accessible to all, its non-
invasive nature and its cost-effectiveness for in-
vestigators and clinicians make it a practical tool  
to assist with evaluation and treatment compliance  

[10] . Using of app technology in children and ado-
lescents is limited so there is a need continues to  

exist for validation studies on Dr. Goniometer app  

focused on goniometric measurement. So the aim  

of the current study was to evaluate the validity  

and the intra-rater of Dr. Goniometer for joint angle  
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measurement at the elbow and knee, comparing it  
with that of that commonly used by digital goni-
ometer in adolescents. Rapidtechnological advances  
have led to the emergence of smartphones that  

combine the voiceand text messaging functions of  

cell phones with powerful computing technology  
that can support third-party applications, internet  

access, and wireless connectivity with other devices  

[11] . In this article, we review published studies on  

the acceptability and efficacy of smartphone apps  

designed to estimate range of motion. Of particular  
interest were randomized control trials of the  

efficacy of smartphone apps in range of motion  
measurements in children. We also examined the  

results of qualitative studies.  

Material and Methods  

This study was conducted from January 2019  
up to March 2020 after approval from different  

school. This review is based upon bibliographic  
searches in PubMed, Science Direct and Google  
scholar with relevant search terms. Articles pub-
lished in English through Novembe2015 were  
identified using the following MeSH search terms  

and Boolean algebra commands: (Smartphones)  

and (range of motion) or (goniometery) or (elbow  

joint). The searches were not limited to words  
appearing in the title of an article. Studies that  

focused on patients withsignificant musculoskeletal  
pathology or pain, and anthropometric variation  
that would preclude joint range of motion meas-
urement were excluded. Information obtained from  
bibliographic searchers (title and topic of article,  
information in abstract, geographic locality of a  

study, and key words) was used to determine wheth-
er to retain each article identified in this way. In  

addition, we identified reviews included in Co-
chrane reviews (http://community.cochrane.org/  
cochrane-reviews) and published review articles  

and reviewed their references [12,13] . A total of  
510 articles were identified in the PubMed biblio-
graphic search; 71 articles were identified in the  

CINAHL bibliographic search. After screening the  

abstracts or full texts of these articles, 20 eligible  
studies of the acceptability or efficacy of smart-
phone apps for estimating range of motion were  

identified of the 20 included studies, 9 were com-
parative research studies, 8 were reliabily studies,  

and two was across sectional study. Information  

was obtained from each published article about  

characteristics of the study population, outcomes  

of interest, and findings including effect measures.  

Information was also obtained about the operating  

system, platform, device, manufacturer, and app  

version. According to Ozdalga et al., we defined  

the smartphone as any cellular device that has  

additional functions including a camera, Global  

Positioning System (GPS), and Wi-Fi capabilities  
and is running one of the following mobile devices:  

iPhone, Android, BlackBerry, or Windows Mobile  
[14] . We conducted a bibliographic search through  
Pubmed, Ovid and Scopus using the following  
keywords: Smartphone application range of motion-
iPhone-Dr. Goniometer-“Android phone”-“Win-
dows Mobile phone” research results were analyzed  

critically in order to select the best experiences  

available. The aim was to access the literature and  
the data available about the smartphones' use in  

health promotionfield. Health promotion is the  
process of enabling people to increase control over,  

and to improve,their health. It moves beyond a  

focus on individual behavior towards a wide range  
of social andenvironmental interventions [15] . The  
Bibliographic details for each item from the initial  

search were reviewed independently by members  

of the project team. Articles were retrieved for  

further analysis according to the following criteria:  

• The full text of the article is readily and freely  

available online, i.e. open access or available via  
the host institution's e-library of online journals.  

• The article is published in English or German.  

• The article includes a explicit reference of use  
of smartphones for health promotion topics.  

• All the three reviewers agree that the article  

should be included (disagreements over which  

items according to these criteria, the articles were  

selected by title, abstracts and then full-text. Our  

search has also some limitations, described in  

the discussion section that must be considered  

when interpreting the results.  

Results  

Published studies included comparative research  
studies, reliability studies and cross sectional design  
studies of the effectiveness of smartphone apps to  

estimate range of motion in elbow and knee joint.  
Globally, the initial search using the above men-
tioned keywords returned 4669 items. After there-
moval of duplicates and titles and abstracts revision,  

the reviewers agreed that 63 articles were deserving  

of a closer examination, as strictly related to the  

topic of interest. Among these, 32 wereidentified  

as meeting the inclusion criteria and specifically  
centered on these were subjected to further analysis  
[16] . The correlation between knee flexion ROM  

that measured by smart phone application and that  

measured by digital goniometer in the study group  

was strong positive significant correlation ( r=0.88,  
p=0.0001).  



Sara M.M. Kortam, et al. 1727  

Table (1): Descriptive statistics of ROM measured by smart  

phone application.  

X  ±  SD  Minimum Maximum Range  

Knee flexion  53.42±5.11  43.5  68.4  24.9  
Knee extension  178.16± 1.56  173  180  7  
Elbow flexion  40.21 ±3  32.5  47  14.5  
Elbow extension  178.28± 1.61  174  180  6  

X: Mean. SD: Standard Deviation.  

The correlation between knee extension ROM  
that measured by smart phone application and that  

measured by digital goniometer in the study group  

was weak negative non-significant correlation ( r=  
–0.02, p=0.74). The correlation between elbow  
flexion ROM that measured by smart phone appli-
cation and that measured by digital goniometer in  
the study group was strong positive significant  
correlation (r=0.95, p=0.0001). The correlation  
between elbow extension ROM that measured by  
smart phone application and that measured by  
digital goniometer in the study group was weak  
negative non-significant correlation ( r=–0.06, p=  
0.42). The correlation between 1 st  and 2nd  knee  
flexion ROM measurements that measured by smart  
phone application in the study group was strong  
positive significant correlation ( r=0.82, p=0.0001).  
The correlation between 1 

st 
 and 2nd  knee extension  

ROM measurements that measured by smart phone  
application in the study group was strong positive  
significant correlation (r=0.8, p=0.0001). The  
correlation between 1 

st 
 and 2nd  elbow flexion ROM  

measurements that measured by smart phone ap-
plication in the study group was strong positive  
significant correlation (r=0.91, p=0.0001). The  
correlation between 1 st  and 2nd  elbow extension  
ROM measurements that measured by smart phone  
application in the study group was strong positive  
significant correlation ( r=0. 8 1, p=0.000 1).  

A comparative research studies:  
Yaikwawongs et al., (2009) compared the reli-

ability of ROM in the knee joint in two techniques  

including digital compass goniometer and roentge-
nographic picture. ICC was calculated 0.973 [17] .  
Jenny et al., (2013) compared the reliability of  
mesuring by smartphone and standard routine  
method measurements of flexion range of knee  

joint in 10 patients with TKA. The measurements  
were performed six times for each method (i.e.,  

totally 12 times). They showed that the smart-
phone usage after TKA was one of the most reliable  

ways of measuring [5] . Ferriero et al., (2013) com-
pared the DrG software on the smartphone with  

the conventional photographic-based goniometry  

in 35 subjects. According to results, intra-rater and  

inter-rater correlations were always calculated  

more than 0.958 in this study. The results showed  
that Dr G software was a re-liable method to meas-
ure the ROM of knee and are much easier than the  

conventional method [6] . According to the recent  
study, Charlton et al., (2014) evaluated the relia-
bility of smartphone to measure the flexion, rota-
tion, abduction and adduction movement of the  

hip joint. This study was conducted on 20 healthy  
young men. The final results showed that the smart-
phone had good to excellent reliability for most of  

the movements but it had moderate to good relia-
bility on abduction, adduction and external rotation  
[17] . In other study, Ockendon et al., (2012) repeat-
ed this study and the validity of smartphone versus  

knee goniometer was estimated for five healthy  

volunteers. The intra-observer correlation was  

0.982 for the smartphone [4] . Cleffken et al., (2007)  
compared two methods of digital goniometry and  

electronic digital inclinometer (EDI 320) in 42  

healthy subjects. They showed that active maximum  
flexion had lower excursions than passive maxi-
mum flexion. In addition, passive maximum flexion  

showed higher levels of reproducibility [18] . Pho-
tograph-based applications, whereby clinicians  
make measurements in a delayed fashion (post-
production and independent of the patient's loca-
tion), allow images to be printed and filed in patient  

notes for comparison during subsequent visits.  
Like inclinometry based apps, photograph-based  

applications allow ac-curate ROM assessment when  
a goniometer is not available or when a face-to-
face interaction with a health professional is not  

immediately available. Moreover, the physician-
patient interaction can potentially be enhanced by  
demonstrating the patient's progress in ROM over  

time [5] . This study is the first to compare 4 different  

shoulder ROM assessment tools in a pathologic  
patient cohort. The 4 assessment modalities used  
(the clinician's visual estimation, inclinometer-
based smartphone application [GetMyROM], pho-
tograph-based [DrGoniometer] smartphone appli-
cation, and UG) demonstrated ex-cellent agreement.  

This finding was similar to that of Werner et al.,  
who assessed postsurgical shoulder ROM in pa-
tients having undergone total shoulder replacement  
surgery and reported excellent correlation when  

using an inclinometer Smartphone application in  
isolation [19] . This study is also one of the few  
studies that assessed an older population cohort  

(mean age, 46 years), in various planes of shoulder  

movement, with various shoulder diseases and  
diagnoses. The only other study to examine incli-
nometer-and photograph-based shoulder assessment  

tools relied exclusively on measurements of exter-
nal rotation performed on young, healthy subjects  

(mean age, 26.4±7.6 years) [20] .  
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Reliability studies:  
Recent studies have shown that other smart-

phone apps can provide valid, reliable measurement  

of motion at a specific joint or region, such as the  

ankle, knee, wrist, or spine [21] .  

Fig. (1): Participant positioning for measurement of supination  

range of motion.  

These studies showed that smartphone range  

of motion measurement applications have good  
validity and reliability in measuring range of motion  
in different joints (elbow, knee, and fifth metatar-
sophalangeal joints [4] . The smartphone measure-
ments of intrarater reliability in the present study  

were higher than those reported by [22]  but lower  
than the value reported by [23]  when they compared  
the smartphone-based application developed for  

photographic-based goniometry, Dr. Goniometer,  
and the Universal goniometer on the elbow joint.  
The smartphone application has advantages for  

novice practitioners and students and could poten-
tially be used by patients to measure and monitor  
their own progress because it requires less knowl-
edge of surface anatomy landmarks, less palpation  

skill, and less [2] . A Smartphone image-based  
application showed an inter class correlation coef-
ficient between 0.96 and 0.99 for intra and interrater  

reliability, respectively, and was shown to be a  

reliable and useful alternative tool for elbow joint  
goniometry [23] . The use of smartphone as a digital  

inclinometer has significant benefits, such as avail-
ability, appreciable cost of inclinometer applica-
tions; and easy measurement due to the commercial  
band which fixes the device in considered places.  

So during the examinations, examiners do not need  
both hands, and also it enables the patients to  

evaluate their process of healing and the efficacy  

of treatment by themselves at home [24] . Dr. G can  

provide an alternative or an additional method of  

measurement, useful for different needs in many  

different clinical settings (e.g. follow-up after  

treatment, assessment of intraoperative joint mo-
bility, for medico legal purposes). Moreover, the  

images of the measurement can be included in the  

patient's medical record as evidence of the quality  

of care provided [5] . Dr. Goniometer was shown  
to be a valid alternate tool for measuring forearm  
supination when compared with the universal go-
niometer [25] .  

Discussion  

The results of this review indicate that smart-
phone apps can be efficacious in estimating range  
of motion and in pediatric]. Participants prefer  

apps that coach and motivate them and provide  

tailored feedback toward personally set goals.  

Smartphone apps are preferred over use of a com-
puter general guidelines have been offered for  

interpreting ICC values, 0.50 represents poor reli-
ability, 0.50-0.75 represents moderate reliability,  

and 0.75 represents good reliability [26] . 'Acceptable  
reliability' must be decided by the clinician using  

the specific test or measure [27] . It is important to  
provide readers with sufficient information regard-
ing the measurement/rating process, because reli-
ability and agreement estimates may vary according  

to the time interval between repeated measure-
ments; the general conditions underlying the meas-
urement situation (e.g., atmosphere, location); the  

specific measurement setting (e.g., imaging mo-
dalities, light); or the complexity of the measure-
ment/rating process or characteristics of the rated  

subjects themselves [28] . As an example [29] stated  
"A k-value between 0.00 and 0.20 was classified  
as "slight"; between 0.21 and 0.40 as "fair"; between  
0.41 and 0.60 as "moderate"; between 0.61 and  

0.80 as "substantial"; and between 0.81 and 1.00  

as "almost perfect", nevertheless, these 'labels' do  

not indicate the practical or clinical relevance of  

results. To achieve more reliable measurements in  
clinical settings, practice and discussion of meas-
urement guidelines should be used as a natural part  

of the introduction of colleagues and as a way to  

create consensus among more experienced hand  

therapists [30] . The literature suggests that smart-
phone-based applications have the capacity to be  

valid when measuring range of motion; however,  
for a measurement instrument to be valid, it must  
first be reliable [31]  used the iPhone Dr. Goniometer  
application to examine elbow range of motion and  

reported good intrarater and interrater reliability  

interclass correlation coefficients=.99). Of the 3  

lower-extremity studies using the Dr. Goniometer  

app to examine reliability [20] . Dr Goniometer and  
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the universal goniometer demonstrated good-to-
excellent intrarater and inter-rater reliability in  

both the fractured forearm and healthy forearm  

group, an exception existed in the healthy forearm  

group, where both Dr. Goniometer and the universal  

goniometer demonstrated poor inter-rater reliability  
(interclass correlation coefficients, 0.34 and 0.42,  
respectively) [23] . This study was also designed  
such that it reflected the full clinical use of the  
applications by requiring the assessor to both  

photograph the joint and align the application is  
measurement point, this overcame the limitations  

of a previous Dr. Goniometer study that did not  

require the assessors to take the photographs and  

only required the assessors to measure a set of28  

preprepared images [25] . Dr. Goniometer was shown  
to be a valid alternate tool for measuring forearm  
supination when compared with the universal go-
niometer [23] . Wenzlaff et al., reported intrarater  

reliabilities that ranged from .95 to .99 for knee  

flexion and from .85 to .97 for knee extension.  

Interrater reliability, while generally high, can be  
variable based on the joint motion being examined  
and the type of device and application used [25] .  
The Smartphone application has demonstrated  

adequate reliability and validity to support its  

potential use to assess passive hip joint range of  

motion both clinically and for large-scale screening  

if a bubble inclinometer or 3DMA system is not  

available [32] . A Smartphone application provides  

a reliable and valid method of assessing passive  
hip joint range of motion in young active males  
[6] . A software programme was shown to be more  
reliable than the universal goniometer when meas-
uring maximal range of motion of the knee [33] .  
Further a Smartphone-based application, showed  

an interclass correlation coefficients for intra and  

inter-rater reliability higher than 0.956 [5] . Elbow  
angle measured with a universal goniometer was  
compared with digital photographs. The photogra-
phy-based method showed interclass correlation  

coefficients between 0.96 and 0.98 for its validity,  

and better inters-observer reliability than the uni-
versal goniometer [34] . A Smartphone image-based  
application showed an interclass correlation coef-
ficients between 0.96 and 0.99 for intra-and inter-
rater reliability, respectively, and was shown to be  

a reliable and useful alternative tool for elbow  

joint goniometry [23] . One of the clear benefits of  
Smartphone photography-based goniometry over  

other devices is that it represents a portable tool  

accessible to all. Its non-invasive nature and its  

cost-effectiveness for investigators and clinicians  

make it a practical tool to assist with evauation  
and treatment compliance [35] . Dr. Goniometer  
application potentially offers a superior method of  

measurement over SG as visualizing the landmarks  
may be simplified in a two-dimensional plane and  

provides a record of the image and measurement  

[20] . Anderson et al., (2013) investigated an incli-
nometer-based iPhone application to measure inter-
rater and intra-rater reliability and concurrent  

validity of shoulder flexion range of motion in two  
ranges: (1) Less than 90 degrees and (2) More than  

90 degrees. The authors reported intra-rater relia-
bility of 0.92-0.99 for the application and 0.86- 
0.98 for the SG with two raters; inter-rater reliability  
was reported between 0.84 and 0.91 for the appli-
cation and 0.63-0.88 for the SG and concurrent  

validity between 0.67 and 0.94 [36] .  
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