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Abstract: During the assessment process diachronically conceived in the 
initial, dynamic, and final stages, data recording is often performed by 
instrumental measurement using the goniometer. In Romania, the logistics 
equipment - hardware and software - has a very low or even absent 
incidence in the conceptual and applicative design of kinetic rehabilitation 
programmes. Some disadvantages of universal goniometry are revealed by 
relatively accurate measurements, given that the testing instrument may 
provide erroneous data when the specific rules are not followed. Moreover, 
the tester’s interpretation of angular values may vary; therefore, in order 
to objectify and validate the specific assessment and evaluation, we propose 
a precise angular motion measurement device called Kinesimeter, assisted 
by specific Labview software designed at the Human Movement Science 
Discipline of “George Emil Palade” University of Medicine, Pharmacy, 
Science and Technology of Târgu Mureş. Our purpose was to compare the 
results and interpret the differences arising from the use of two specific 
assessment methods for the shoulder range of motion. Thus, the values 
recorded by two physiotherapists using the manual goniometer were 
compared with the values recorded with the Kinesimeter. In order to 
validate the results, we calculated statistical parameters such as 
correlation and significance. We strongly believe that the proposed 
hardware and software device for measuring, controlling, and analysing 
shoulder movements can become a modern performing tool needed by each 
rehabilitation institution, having a dual role - investigative and 
monitoring of a rehabilitation programme - both extremely important, 
additional to current measurements with the goniometer. 
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Introduction  

Many daily activities, such as eating, hair combing, placing an object 
on the shelf or other activities, are highly dependent on the range of motion 
of the shoulder (Engdahl & Gates, 2018; Klemt et al., 2018; Miura & 
Fukushima, 2008; Norkin & White, 2016). Just like the elbow or any other 
joint, restricted active shoulder range of motion (AROM) leads to serious 
disability (Van Rijn et al., 2018; Oosterwijk et al., 2018; Raiss et al., 2007).  

A healthy person’s values for shoulder flexion lie between 160o and 
180o, extension between 50o and 60o, abduction between 170o and 180o, 
internal rotation between 60o and 100o, and external rotation between 80o-
90o (Balint et al., 2007; Chiriac, 2000; Magee, 2002; Sbenghe, 1987). A 
research carried out by Namdari et al. (2012) has highlighted that, for the 
accomplishment of daily living activities, a person needs approximately 121o 
of flexion, 46o extension, 128o abduction and 59o external/internal rotation. 
Similar research has shown that a person only needs approximately 108o for 
flexion, 105o for abduction, and 79o for internal rotation (Gates et al., 2016). 
A decrease in active range of motion can be an indicator of tendinitis, 
bursitis, contusion, fractures, arthritis, sprains, strains, adhesive capsulitis, 
and other pathologies (Tveitå et al., 2008). Of course, after different 
traumatic injuries, we can find a degree of limitation in shoulder active range 
of motion (Bullock et al., 2018; Gillet et al., 2017). 

Regarding the start of a kinetic programme, we can say that after 
taking over the medical history, the patient must be physically and 
functionally examined, being recorded measurable data (Longo, 2014; Bailey 
et al., 2017; Sbenghe et al., 2019). For choosing the most appropriate 
physical therapy interventions, it is mandatory to examine joint integrity and 
mobility (Kolber & Hanney, 2012). During the assessment process 
diachronically conceived in the initial, dynamic, and final stages, data 
recording is often performed by instrumental measurement using the 
goniometer (Hongmin et al., 2018; Keijsers et al., 2018; Reissner et al., 2019). 
The universal goniometer (UG) is a simple measuring tool used by 
physiotherapists, orthopaedic surgeons, rheumatologists, and other 
physicians (Keogh et al., 2019; Norkin & White, 2016). Besides this universal 
goniometer, there are also some other tools used for shoulder active range 
of motion assessment, which includes inclinometry, photography or a 
smartphone application, and visual estimation (Blonna et al., 2012; Clarkson, 
2005; Dent et al., 2020; Ferriero et al., 2013; Kolber & Hanney, 2012; 
Milanese et al., 2014; Mullaney et al., 2010; Ockendon & Gilbert, 2012; 
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Werner et al., 2014; Roldán-Jiménez et al., 2019). The Coach’s Eye is 
another instrument to assess the range of motion (Krause et al., 2015). In 
Romania, the logistics equipment - hardware and software - has a very low 
or even absent incidence in the conceptual and applicative design of 
evaluation during kinetic rehabilitation programmes. 

Some disadvantages in universal goniometry are revealed by 
relatively accurate measurements, given that the testing instrument may 
provide erroneous data when the specific rules are not followed 
(Bashardoust Tajali et al., 2016; García-Rubio et al., 2019; Lee et al., 2015; 
Martins Ferreira de Carvalho et al., 2012). Moreover, the tester’s 
interpretation of angular values may vary (Rettig et al., 2015). When referred 
to intra- and inter-rater reliability, a smartphone application (DrG) had 
values > 0.86 (Otter et al., 2015), and the inclinometer reported 0.65 
(Werner et al., 2013). There is an old general assumption that higher 
reliability is reached when the universal goniometer is used by an 
experienced tester (Armstrong et al., 1998; Fish & Wingate, 1985). 

Therefore, in order to objectify and validate the specific assessment 
and evaluation, we propose a precise angular motion measurement device 
called Kinesimeter, assisted by specific Labview software designed at the 
Human Movement Science Discipline of “George Emil Palade” University 
of Medicine, Pharmacy, Science and Technology of Târgu Mureş, Romania. 

Our purpose was to compare the results and interpret the differences 
arising from the use of two specific assessment methods of the active range 
of motion of the shoulder joint. Thus, the values recorded by two 
physiotherapists using the universal goniometer were compared with the 
values recorded with the Kinesimeter. The hypothesis from which we have 
started this research is that inter-tester differences are lower and some errors 
can be avoided when the Kinesimeter is used, instead of the universal 
goniometer. 

Methodology 

In this ascertaining research, we used the following methods: the 
bibliographic study method, the observation method, the questionnaire 
method, the measurement and recording method, the mathematical and 
statistical processing method, and the graphical method. 

Six testers, split into three groups of two (group A, B, and C), used a 
universal goniometer and a Kinesimeter to measure shoulder flexion, 
extension, abduction, internal and external rotation on a total of 270 
subjects, asymptomatic patients from the Country Emergency Clinical 
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Hospital of Târgu Mureş, Romania, during a period of nine months (May 
2019 - January 2020). An informed consent form was completed by all the 
subjects and also a questionnaire. In the questionnaire, subjects were asked 
about their age, profession, arm dominance, health status and state of 
fitness. Exclusion criteria consisted of frozen shoulder and recent shoulder 
surgery.  

Our measurements were conducted on the dominant arm. The left 
arm was dominant in 25 of the 270 subjects (9.26%). The mean age of the 
subjects was 54.6 years. 31.48% of them had a job involving physical work in 
a field of distribution, agriculture, construction, manufacturing, etc., while 
41.48% had a static workplace in the field of technology, online sales, law, 
human resources, public administration, finance, etc. 27.04% of the subjects 
were retired. The mean age of the testers was 37.6 years, and the mean of 
their years of experience was 6.2. 

Before the measurements, all subjects performed an approximately 
five-minute standard warm-up supervised by one tester. At the same time, 
the test mechanism was explained to the subjects. Subjects were informed 
that they must be mentally and physically relaxed, comfortably seated and 
that contracture, fear or non-cooperation may limit their range of motion. 

In this research, we used a blinded repeated-measures design. Each 
subject was measured by two physiotherapists with at least two years of 
experience through both goniometry and kinesimetry methods. Subjects 
were asked to move their arm to the end-range and maintain the position 
until the measurement was performed. Each tester measured all 270 
subjects, noted their results, and did not communicate them to the other 
tester. Group A (tester A1 and A2) measured flexion and extension of the 
shoulder, group B (tester B1 and B2) measured internal and external rotation 
of the shoulder, and group C (tester C1 and C2) measured abduction of the 
shoulder. 

The instruments that we used were the Elite Medical Instruments 
plastic 12" goniometer with the International Standards of Measurement 
system and the Kinesimeter designed at the Human Movement Science 
Discipline of “George Emil Palade” University of Medicine, Pharmacy, 
Science and Technology of Târgu Mureş, Romania. The Kinesimeter 
consists of a vertical stable stand with a horizontal movable arm, which can 
rotate around an axis. The Kinesimeter can be connected to a laptop via a N. 
I. 6008 transducer, and based on a software interface, can reproduce the 
movements of the mobile arm in the form of a real-time oscillogram. 

The active range of motion for flexion and extension was assessed 
with the subject sitting, holding the arm in anatomical position. The centre 
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of the goniometer and the axis of the Kinesimeter were placed on the lateral 
part of the scapulohumeral joint. The fixed arm followed the lateral humeral 
epicondyle, parallel to the mid-axillary line of the trunk, while the movable 
arm was parallel to the midline of the lateral face of the arm, following the 
humeral lateral epicondyle. 

The active range of motion for the abduction was assessed with the 
subject sitting, holding the arm in anatomical position. The centre of the 
goniometer and the axis of the Kinesimeter were placed on the back face of 
the scapulohumeral joint, in its centre. The fixed arm was on the lateral line 
of the trunk, while the movable arm was parallel to the midline of the 
posterior face of the arm, following the middle phalanges. In the case of 
elbow valgus, the olecranon was followed. 

The active range of motion for external and internal rotation was 
assessed with the subject in dorsal decubitus, with the shoulder in abduction 
of 90o, elbow flexed at 90o, arm in pronation, and the palm looking towards 
the head. The centre of the goniometer and the axis of the Kinesimeter were 
placed on the back of the elbow joint. The fixed arm followed the middle 
phalanges (perpendicular to the arm), while the movable arm was parallel to 
the midline of the posterior face of the forearm, also following the middle 
phalanges. 

Results 

Comparative analysis (statistically processed using the GraphPad 
Prism 8 for Windows) of the statistical significance of differences between 
the results obtained by testers with the help of two specific assessment 
methods for shoulder active range of motion (universal goniometer and 
Kinesimeter) and the t-test calculation show the following:  

When talking about shoulder flexion assessed by group A at a 
probability threshold of P < 0.05, the difference between the two rows of 
data (tester A1 and A2) recorded by a goniometer is statistically significant, 
the calculated t-value being 5.343 and that of R2 = 0.05038, with a 95% 
confidence interval ranging between 1.379 and 2.984, while the difference 
between the two rows of data (tester A1 and A2) recorded by the 
Kinesimeter is not statistically significant, the calculated t-value being 1.933 
and that of R2 = 0.006895, with a 95% confidence interval ranging between -
0.0126 and 1.546. (Table 1) 

Group A also assessed shoulder extension where, at a probability 
threshold of P < 0.05, the difference between the two rows of data (tester 
A1 and A2) recorded by a goniometer is statistically significant, the 
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calculated t-value being 4.887 and that of R2 = 0.04251, with a 95% 
confidence interval ranging between 1.183 and 2.773, while the difference 
between the two rows of data (tester A1 and A2) recorded by the 
Kinesimeter is not statistically significant, the calculated t-value being 1.3070 
and that of R2 = 0.003474, with a 95% confidence interval ranging between -
0.2381 and 1.334. (Table 1) 

 

Table 1. Comparative analysis of assessment results measured by Group A – 

Shoulder flexion and extension 

 

Statistical indicators 
Flexion Extension 

Goniometer Kinesimeter Goniometer Kinesimeter 

Significantly different? (P < 0.05) Yes No Yes No 

t, df t = 5.343, df = 538 
t = 1.933, df = 

538 
t = 4.887, df = 

538 
t = 1.3070, df = 

538 

Mean of column A 174.4 174.9 54.64 56.04 

Mean of column B 176.6 175.7 56.61 56.59 

Difference between means 2.181 ± 0.4083 
0.7667 ± 
0.3967 

1.978 ± 0.4047 0.5481 ± 0.4002 

95% confidence interval 1.379 to 2.984 
-0.0126 to 

1.546 
1.183 to 2.773 -0.2381 to 1.334 

R-squared 0.05038 0.006895 0.04251 0.003474 

Source: results from the statistical processing of data arising from original research 

 

Regarding shoulder external rotation assessed by group B at a 
probability threshold of P < 0.05, the difference between the two rows of 
data (tester B1 and B2) recorded by a goniometer is not statistically 
significant, the calculated t-value being 1.765 and that of R2 = 0.005687, with 
a 95% confidence interval ranging between -0.08652 and 1.531, while the 
difference between the two rows of data (tester B1 and B2) recorded by the 
Kinesimeter is not statistically significant, the calculated t-value being 0.2937 
and that of R2 = 0.006895, with a 95% confidence interval ranging between -
0.6954 and 0.9398. (Table 2) 

Group B also assessed shoulder internal rotation where, at a 
probability threshold of P < 0.05, the difference between the two rows of 
data (tester B1 and B2) recorded by a goniometer is statistically significant, 
the calculated t-value being 3.266 and that of R2 = 0.01944, with a 95% 
confidence interval ranging between 0.5578 and 2.242, while the difference 
between the two rows of data (tester B1 and B2) recorded by the 
Kinesimeter is not statistically significant, the calculated t-value being 0.6614 
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and that of R2 = 0.0008125, with a 95% confidence interval ranging between 
-1.117 and 0.5545. (Table 2) 

 

Table 2. Comparative analysis of assessment results measured by Group B 

– Shoulder external and internal rotation 

 

Statistical indicators 
External rotation Internal rotation 

Goniometer Kinesimeter Goniometer Kinesimeter 

Significantly different? (P < 0.05) No No Yes No 

t, df t = 1.765. df = 538 
t = 0.2937. df = 

538 
t = 3.266. df = 

538 
t = 0.6614. df = 

538 

Mean ± SEM of column A 83.40  83.70 85.63 86.93 

Mean ± SEM of column B 84.12  83.82 87.03 86.64 

Difference between means 0.7222 ± 0.4117 
0.1222 ± 
0.4162 

1.400 ± 0.4287 -0.2815 ± 0.4256 

95% confidence interval -0.08652 to 1.531 
-0.6954 to 

0.9398 
0.5578 to 2.242 -1.117 to 0.5545 

R-squared 0.005687 0.0001603 0.01944 0.0008125 

Source: results from the statistical processing of data arising from original research 

 

When talking about shoulder abduction assessed by group C at a 
probability threshold of P < 0.05, the difference between the two rows of 
data (tester C1 and C2) recorded by a goniometer is statistically significant, 
the calculated t-value being 2.471 and that of R2 = 0.01122, with a 95% 
confidence interval ranging between 0.1930 and 1.689, while the difference 
between the two rows of data (tester C1 and C2) recorded by the 
Kinesimeter is not statistically significant, the calculated t-value being 0.9721 
and that of R2 = 0.001753, with a 95% confidence interval ranging between -
0.3743 and 1.108. (Table 3) 

 

Table 3. Comparative analysis of assessment results measured by Group C 

– Shoulder abduction 

 

Statistical indicators 
Abduction 

Goniometer Kinesimeter 

Significantly different? (P < 0.05) Yes No 

t, df t = 2.471. df = 538 t = 0.9721. df=538 

Mean ± SEM of column A 172.7 173.1 

Mean ± SEM of column B 173.7 173.4 

Difference between means 0.9407 ± 0.3807 0.3667 ± 0.3772 

95% confidence interval 0.1930 to 1.689 -0.3743 to 1.108 

R-squared 0.01122 0.001753 

Source: results from the statistical processing of data arising from original research 



Optimising the Validity of Shoulder Range of Motion Evaluation: A … 
Alexandra-Camelia GLIGA, et al. 

 

108 

Conclusion 

A first general conclusion that emerges from our investigation, such 
as an interpretation and analysis of recorded results, is that our hypothesis 
has been confirmed as follows: 

● Statistically significant differences occurred between testers’ results 
during the assessments of the shoulder active range of motion when the 
goniometer was used in 4 out of 5 measurements (flexion, extension, 
abduction, and internal rotation).  

● When the Kinesimeter was used, thanks to the assistance of the 
hardware device by its specific software and to data recording in a digital 
form, inter-tester differences were lower and no statistically significant 
differences were found between testers in 5 out of 5 measurements of the 
shoulder active range of motion (flexion, extension, abduction, internal and 
external rotations). 

The current findings conclude that our device is a valid and reliable 
instrument to measure shoulder active range of motion. The Kinesimeter 
provides, with the help of its software, information on angles and degrees in 
real-time and can be used to monitor rehabilitation programmes due to its 
real-time feedback.  

The possibility to adapt the Kinesimeter makes its use possible in the 
assessment of proprioception or motor suggestibility. We strongly believe 
that the proposed hardware and software device for measuring, controlling 
and analysing shoulder movements can become a modern performing tool 
needed by each rehabilitation institution, having a dual role - investigative 
and monitoring of a rehabilitation programme - both extremely important, 
additional to current measurements with the universal goniometer. 

Acknowledgments 

Our thanks go to the management staff and the physiotherapists from 

the Country Emergency Clinical Hospital of Târgu Mureş for their support 

in conducting our research on a considerable sample of subjects (n = 270). 

References 

Armstrong, A. D., MacDermid, J. C., Chinchalkar, S., Stevens, R. S., & King. G. J. 
(1998). Reliability of range-of-motion measurement in the elbow and 
forearm. Journal of Shoulder and Elbow Surgery, 7(6), 573-580. 
https://doi.org/10.1016/S1058-2746(98)90003-9  

https://doi.org/10.1016/S1058-2746(98)90003-9


BRAIN. Broad Research in                                                             December, 2020 
Artificial Intelligence and Neuroscience           Volume 11, Issue 4, Supplementary 1 

 

109 

Bailey, L. B., Thigpen, C. A., Hawkins, R. J., Beattie, P. F., & Shanley, E. (2017). 
Effectiveness of manual therapy and stretching for baseball players with 
shoulder range of motion deficits. Sports Health: A Multidisciplinary Approach, 
9(3), 230-237. https://doi.org/10.1177%2F1941738117702835   

Balint, T., Diaconu, I., & Moise, A. (2007). Evaluarea aparatului locomotor [Assessment 
of the musculoskeletal system]. Tehnopress. 

Bashardoust Tajali, S., MacDermid, J. C., Grewal, R., & Young, C. (2016). 
Reliability and validity of electro-goniometric range of motion 
measurements in patients with hand and wrist limitations. The Open 
Orthopedics Journal, 10, 190-205. 
http://dx.doi.org/10.2174/1874325001610010190   

Blonna, D., Zarkadas, P. C., Fitzsimmons, J. S., & O’Driscoll, S. W. (2012). 
Validation of a photography-based goniometry method for measuring joint 
range of motion. Journal of Shoulder and Elbow Surgery, 21(1), 29-35. 
https://doi.org/10.1016/j.jse.2011.06.018   

Bullock, G. S., Faherty, M. S., Ledbetter, L., Thigpen, C. A., & Sell, T. C. (2018). 
Shoulder range of motion and baseball arm injuries: A systematic review 
and meta-analysis. Journal of Athletic Training, 53(12), 1190-1199. 
https://doi.org/10.4085/1062-6050-439-17  

Chiriac, M. (2000). Testarea manuală a forței musculare [Manual testing of muscle 

strength]. Editura Universității din Oradea. 

Clarkson, H. M. (2005). Joint motion and function assessment: A research-based practical 
guide. Philadelphia, PA: Lippincott Williams & Wilkins.  

Dent Jr, P. A., Wilke, B., Terkonda, S., Luther, I., & Shi, G. G. (2020). Validation of 
teleconference-based goniometry for measuring elbow joint range of 
motion. Cureus, 12(2): e6925. https://doi.org/10.7759/cureus.6925  

Engdahl, S. M., & Gates, D. H. (2018). Reliability of upper limb and trunk joint 
angles in healthy adults during activities of daily living. Gait & Posture, 60, 
41-47. https://doi.org/10.1016/j.gaitpost.2017.11.001  

Ferriero, G., Vercelli, S., Sartorio, F., Munoz Lasa, S., Ilieva, E., Brigatti, E., Ruella, 
C., & Foti, C. (2013). Reliability of a smartphone-based goniometer for 
knee joint goniometry. International Journal of Rehabilitation Research, 36(2), 
146-151. https://doi.org/10.1097/mrr.0b013e32835b8269  

Fish, D. R., & Wingate, L. (1985). Sources of goniometric error at the elbow. 
Physical Therapy, 65(11), 1666-1670. 
https://doi.org/10.1093/ptj/65.11.1666    

García-Rubio, J., Pino, J., Olivares, P. R., & Ibáñez, S. J. (2019). Validity and 
reliability of the WIMUTM inertial device for the assessment of joint 
angulations. International Journal of Environmental Research and Public Health, 
17(1): 193. https://doi.org/10.3390/ijerph17010193   

https://doi.org/10.1177%2F1941738117702835
http://dx.doi.org/10.2174/1874325001610010190
https://doi.org/10.1016/j.jse.2011.06.018
https://doi.org/10.4085/1062-6050-439-17
https://doi.org/10.7759/cureus.6925
https://doi.org/10.1016/j.gaitpost.2017.11.001
https://doi.org/10.1097/mrr.0b013e32835b8269
https://doi.org/10.1093/ptj/65.11.1666
https://doi.org/10.3390/ijerph17010193


Optimising the Validity of Shoulder Range of Motion Evaluation: A … 
Alexandra-Camelia GLIGA, et al. 

 

110 

Gates, D. H., Walters, L. S., Cowley, J., Wilken, J. M., & Resnik, L. (2016). Range of 
motion requirements for upper-limb activities of daily living. American 
Journal of Occupational Therapy. 70(1): 7001350010p1-7001350010p10. 
https://doi.org/10.5014/ajot.2016.015487  

Gillet, B., Begon, M., Sevrez, V., Berger-Vachon, C., & Rogowski, I. (2017). 
Adaptive alterations in shoulder range of motion and strength in young 
tennis players. Journal of Athletic Training, 52(2), 137-144. 
https://doi.org/10.4085/1062-6050.52.1.10   

Hongmin, C., Seongsu, J., Jinyoung, K., Jae Kyoun, K., Cheolhyun, K., Jihye, S., 
Dae Gill, K., Ho Sub, L., Kang-Keyng, S., & Sangkwan, L. (2018). Validity 
and reliability of POM-Checker in measuring shoulder range of motion: 
Protocol for a single center comparative study. Medicine, 97(25): e11082. 
http://dx.doi.org/10.1097/MD.0000000000011082 

Keijsers, R., Zwerus, E. L., van Lith, D. R. M., Koenraadt, K. L. M., Goossens, P., 
The, B., van den Bekerom, M. P. J., & Eygendaal, D. (2018). Validity and 
reliability of elbow range of motion measurements using digital 
photographs, movies, and a goniometry smartphone application. Journal of 
Sports Medicine, 7906875. https://doi.org/10.1155/2018/7906875  

Keogh, J. W. L., Cox, A., Anderson, S., Liew, B., Olsen, A., Schram, B., & Furness, 
J. (2019). Reliability and validity of clinically accessible smartphone 
applications to measure joint range of motion: A systematic review. PloS 
One, 14(5): e0215806. https://doi.org/10.1371/journal.pone.0215806  

Klemt, C., Prinold, J. A., Morgans, S., Smith, S. H. L., Nolte, D., Reilly, P., & Bull, 
A. M. J. (2018). Analysis of shoulder compressive and shear forces during 
functional activities of daily life. Clinical Biomechanics, 54, 34-41.  
https://doi.org/10.1016/j.clinbiomech.2018.03.006   

Kolber, M. J., & Hanney, W. J. (2012). The reliability and concurrent validity of 
shoulder mobility measurements using a digital inclinometer and 
goniometer: A technical report. International Journal of Sports Physical Therapy, 
7(3), 306-313. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362980/  

Krause, D. A., Boyd, M. S., Hager, A. N., Smoyer, E. C., Thompson, A. T., & 
Hollman, J. H. (2015). Reliability and accuracy of a goniometer mobile 
device application for video measurement of the functional movement 
screen deep squat test. International Journal of Sports Physical Therapy, 10(1), 
37-44. https://pubmed.ncbi.nlm.nih.gov/25709861/   

Lee, S. H., Yoon, C., Chung, S. G., Kim, H. C., Kwak, Y., Park, H. W., & Kim, K. 
(2015). Measurement of shoulder range of motion in patients with adhesive 
capsulitis using a Kinect. PloS One, 10(6): e0129398. 
https://doi.org/10.1371/journal.pone.0129398  

Longo, D. L. (2014). Harrison: Manual de medicină [Harrison’s Manual of medicine]. 
ALL. 

https://doi.org/10.5014/ajot.2016.015487
https://doi.org/10.4085/1062-6050.52.1.10
http://dx.doi.org/10.1097/MD.0000000000011082
https://doi.org/10.1155/2018/7906875
https://doi.org/10.1371/journal.pone.0215806
https://doi.org/10.1016/j.clinbiomech.2018.03.006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362980/
https://pubmed.ncbi.nlm.nih.gov/25709861/
https://doi.org/10.1371/journal.pone.0129398


BRAIN. Broad Research in                                                             December, 2020 
Artificial Intelligence and Neuroscience           Volume 11, Issue 4, Supplementary 1 

 

111 

Magee, D. (2002). Orthopedic physical assessment. Elsevier. 

Martins Ferreira de Carvalho, R., Mazzer, N., & Barbieri, C. H. (2012). Analysis of 
the reliability and reproducibility of goniometry compared to hand 
photogrammetry. Acta Ortopédica Brasiliera, 20(3), 139-149. 
https://dx.doi.org/10.1590%2FS1413-78522012000300003    

Milanese, S., Gordon, S., Buettner, P., Flavell, C., Ruston, S., Coe, D., O’Sullivan, 
W., & McCormack, S. (2014). Reliability and concurrent validity of knee 
angle measurement: Smart phone app versus universal goniometer used by 
experienced and novice clinicians. Manual Therapy, 19(6), 569-574. 
https://doi.org/10.1016/j.math.2014.05.009  

Miura, Y., & Fukushima, H. (2008). Function of the shoulder joint for activities of 
daily living (ADL). Journal of Kansai Physical Therapy, 8, 25-34. 
https://doi.org/10.11354/jkpt.8.25  

Mullaney, M. J., McHugh, M. P., Johnson, C. P., & Tyler, T. F. (2010). Reliability of 
shoulder range of motion comparing a goniometer to a digital level. 
Physiotherapy Theory and Practice, 26(5), 327-333. 
https://doi.org/10.3109/09593980903094230  

Namdari, S., Yagnik, G., Ebaugh, D. D., Nagda, S., Ramsey, M. L., Williams Jr, G. 
R., & Mehta, S. (2012). Defining functional shoulder range of motion for 
activities of daily living. Journal of Shoulder and Elbow Surgery, 21(9), 1177-
1183. https://doi.org/10.1016/j.jse.2011.07.032  

Norkin, C. C., & White, D. J. (2016). Measurement of joint motion – A guide to goniometry 
(5th ed.). Davis Company. 

Ockendon, M., & Gilbert, R. E. (2012). Validation of a novel smartphone 
accelerometer-based knee goniometer. Journal of Knee Surgery, 25(4), 341-
345. https://doi.org/10.1055/s-0031-1299669  

Oosterwijk, A. M., Nieuwenhuis, M. K., Schouten, H. J., van der Schans, C. P., & 
Mouton, L. J. (2018). Rating scales for shoulder and elbow range of motion 
impairment: Call for a functional approach. PloS One, 13(8): e0200710. 
https://dx.doi.org/10.1371%2Fjournal.pone.0200710  

Otter, S. J., Agalliu, B., Baer, N., Hales, G., Harvey, K., James, K., Keating, R., 
McConnell, W., Nelson, R., Qureshi, S., Ryan, S., St John, A., Waddington, 
H., Warren, K., & Wong, D. (2015). The reliability of a smartphone 
goniometer application compared with a traditional goniometer for 
measuring first metatarsophalangeal joint dorsiflexion. Journal of Foot and 
Ankle Research, 8. https://doi.org/10.1186/s13047-015-0088-3   

Raiss, P., Rettig, O., Wolf, S., Loew, M., & Kasten, P. (2007). Range of motion of 
shoulder and elbow in activities of daily life in 3D motion analysis. 
Zeitschrift fur Orthopadie und Unfallchirurgie, 145(4), 493-498. 
http://doi.org/10.1055/s-2007-965468  

https://dx.doi.org/10.1590%2FS1413-78522012000300003
https://doi.org/10.1016/j.math.2014.05.009
https://doi.org/10.11354/jkpt.8.25
https://doi.org/10.3109/09593980903094230
https://doi.org/10.1016/j.jse.2011.07.032
https://doi.org/10.1055/s-0031-1299669
https://dx.doi.org/10.1371%2Fjournal.pone.0200710
https://doi.org/10.1186/s13047-015-0088-3
http://doi.org/10.1055/s-2007-965468


Optimising the Validity of Shoulder Range of Motion Evaluation: A … 
Alexandra-Camelia GLIGA, et al. 

 

112 

Reissner, L., Fischer, G., List, R., Taylor, W. R., Giovanoli, P., & Calcagni, M. 
(2019). Minimal detectable difference of the finger and wrist range of 
motion: Comparison of goniometry and 3D motion analysis. Journal of 
Orthopaedic Surgery and Research, 14(1), 173. https://doi.org/10.1186/s13018-
019-1177-y  

Rettig, O., Krautwurst, B., Maier, M. W., & Wolf, S. I. (2015). Definition of 
anatomical zero positions for assessing shoulder pose with 3D motion 
capture during bilateral abduction of the arms. BMC Musculoskeletal 
Disorders, 16, 383. https://dx.doi.org/10.1186%2Fs12891-015-0840-7   

Roldán-Jiménez, C., Martin-Martin, J., & Cuesta-Vargas, A. I. (2019). Reliability of a 
smartphone compared with an inertial sensor to measure shoulder 
mobility: Cross-sectional study. JMIR Mhealth and Uhealth, 7(9): e13640. 
https://doi.org/10.2196/13640  

Sbenghe, T. (1987). Kinetologie profilactică, terapeutică, de recuperare [Prophylactic, 
therapeutic, recovery kinesiology]. Editura Medicală. 

Sbenghe, T., Berteanu, M., & Săvulescu, S. E. (2019). Kinetologie [Kinesiology]. 
Editura Medicală. 

Tveitå, E. K., Ekeberg, O. M., Juel, N. G., & Bautz-Holter, E. (2008). Range of 
shoulder motion in patients with adhesive capsulitis; intra-tester 
reproducibility is acceptable for group comparisons. BMC Musculoskeletal 
Disorders, 9, 49. https://dx.doi.org/10.1186%2F1471-2474-9-49  

Van Rijn, S. F., Zwerus, E. L., Koenraadt, K. L., Jacobs, W. C., van den Bekerom, 
M. P., & Eygendaal, D. (2018). The reliability and validity of goniometric 
elbow measurements in adults: A systematic review of the literature. 
Shoulder & Elbow, 10(4), 274-284. 
https://doi.org/10.1177/1758573218774326  

Werner, B. C., Holzgrefe, R. E., Griffin, J. W., Lyons, M. L., Cosgrove, C. T., Hart, 
J. M., & Brockmeier, S. F. (2014). Validation of an innovative method of 
shoulder range-of-motion measurement using a smartphone clinometer 
application. Journal of Shoulder and Elbow Surgery, 23(11): e275-282. 
https://doi.org/10.1016/j.jse.2014.02.030  

Werner, B. C., Kuenze, C. M., Griffin, J. W., Lyons, M. L., Hart, J. H., & 
Brockmeier, S. F. (2013). Shoulder range of motion: Validation of an 
innovative measurement method using a smartphone. Orthopaedic Journal of 
Sports Medicine, 1(4). https://doi.org/10.1177%2F2325967113S00106  

https://doi.org/10.1186/s13018-019-1177-y
https://doi.org/10.1186/s13018-019-1177-y
https://dx.doi.org/10.1186%2Fs12891-015-0840-7
https://doi.org/10.2196/13640
https://dx.doi.org/10.1186%2F1471-2474-9-49
https://doi.org/10.1177/1758573218774326
https://doi.org/10.1016/j.jse.2014.02.030
https://doi.org/10.1177%2F2325967113S00106

