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ANALysis Of the rANge Of mOtiON 
iN the gLeNOhUmerAL jOiNt UsiNg 

A gONiOmeter v.1.0 APPLiCAtiON 
– A PiLOt stUdy

ANALizA zAkresU rUChU wyPrOstU w stAwie 
rAmieNNO-łOPAtkOwym Przy UżyCiU APLikACji 

gONiOmetr v.1.0 – bAdANiA PiLOtAżOwe

Background: manual examination is performed in isolated positions in order to pinpoint the exact location of 
the impaired structure. The established range of motion standards for particular joints constitute a key diagnostic 
element, which can be referred to when examining a patient. 
Aim of the study: The aim of this study was to assess the range of motion in extension in the glenohumeral joint, 
using the tele-information application goniometr v.1.0.
Material and methods: The study population consisted of 20 healthy subjects, 10 women and 10 men, aged 
between 18 and 31 years old (24.4±4.46). Their range of extension in the glenohumeral joint was measured using 
the goniometer v.1.0 application. The measurements were performed by 3 independent researchers. statistica v.10 
program was used for data analysis.
Results: The mean range of extension in the glenohumeral joint during palpation of the superior angle of the 
scapula was: for researcher A: 7.59±1.20; for researcher b: 8.12±1.11; and for researcher C: 7.05±1.08 degree; 
while the inferior angle of scapula palpation was: 7.19±1.23; 7.20±1.29 and 7.30±1.13 degree for researchers A, b 
and C, respectively. There were no statistically significant differences between the measurements from the three 
researchers (p > 0.05).
Conclusions: The range of movement in extension in the glenohumeral joint measured with the goniometer v.1.0 
application in the study group was 7–8 degrees. Palpation of the inferior angle yielded higher scores of standard 
deviations that could indicate palpation makes it easier to feel the movement of the superior angle during the 
extension motion of the shoulder.
KEYWORDS: range of motion, complex shoulder, manual extension
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Wstęp: badanie manualne wykonuje się w pozycjach wyizolowanych w celu dokładnego zlokalizowania zaburzo-
nej struktury. Normy zakresu ruchu dla poszczególnych stawów stanowią kluczowy element diagnozy, do którego 
można się odnieść podczas badania pacjenta.
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Materiał i metody: zbadano 20 zdrowych osób: 10 kobiet i 10 mężczyzn w wieku 18–31 lat (24,4±4,46). Poddano 
analizie zakres ruchu wyprostu w stawie ramienno-łopatkowym, oceniając dwa punkty anatomiczne: kąt dolny  
i górny łopatki z użyciem aplikacji goniometr v.1.0. Pomiarów dokonywało 3 badaczy. dane poddano analizie sta-
tystycznej w programie statistica v.10. 

Wyniki: Średni zakres ruchomości wyprostu stawu ramienno-łopatkowego podczas palpacji kąta górnego łopatki 
wyniósł dla badacza A: 7,59±1,20; b: 8,12±1,11; C: 7,05±1,08 stopnia, natomiast podczas palpacji kąta dolnego: 
7,19±1,23; 7,20±1,29 i 7,30±1,13 stopnia odpowiednio dla badacza: A, b i C. Nie zaobserwowano istotnych różnic 
pomiędzy badaczami (p > 0,05).

Wnioski: zakres ruchomości wyprostu stawu ramienno-łopatkowego mierzonego z użyciem aplikacji teleinforma-
tycznej goniometr v.1.0 w badanej grupie wyniósł 7–8 stopni. w przypadku palpacji kąta dolnego zaobserwowano 
wyższe wyniki odchyleń standardowych, co może wskazywać, że łatwiej w czasie palpacji wyczuć ruch kąta górnego 
w ruchu wyprostu ramienia.

SŁOWA KLuCzOWE: zakres ruchu, kompleks barkowy, badanie manualne

Background

Proper functioning of a motor organ depends on ef-
ficient and coordinated operation of the bone and joint 
structures, and neuromuscular structures. it is possi-
ble thanks to maintaining proper range of motion, ana-
tomical considerations – the built of the joint surface, 
strength and control of the muscle structures and soft 
tissues within a given joint [1]. 

The pectoral girdle consists of a set of joints: 
scapulothoracic, acromioclavicular, sternoclavicular 
and glenohumeral. The glenohumeral joint, consisting 
of the head of the humerus – convex and the glenoid 
cavity of the scapula – concave, is a ball-and-socket 
joint with three rotatory and three translator degrees 
of freedom: sagittal (flexion and extension), frontal 
(abduction and adduction), transverse (internal and 
external rotation) and three-plane abduction motion 
[2–3]. According to the isOm (international standard 
Orthopaedic measurements) standards, the range of 
extension in pectoral girdle joints is 65 degrees, the 
range of flexion – 170 degrees. in the glenohumeral 
joint, flexion and abduction occur only in the horizon-
tal plane. At around 60 degrees of flexion or abduction, 
the motion begins in other pectoral girdle joints, an oc-
currence known as scapulohumeral rhythm [4–6]. The 
motion is continued in these planes by acromioclavicu-
lar and sternoclavicular joints. 

many available sources contain data on the activa-
tion of particular joints during flexion and abduction 
[5–8]. however, there is no data on the actual range 
of motion in extension only in the glenohumeral joint, 
without the activation of other pectoral girdle joints. 
when examining and assessing the shoulder girdle 
complex, the important part is not only the moment 
when the scapula is activated during motion, but also 
the placing of the scapula in correspondence to the 
thoracic wall. According to Codman, during abduction 
the proportion is 2 to 1, i.e. for every 15 degrees of ab-
duction, 10 degrees fall on the glenohumeral joint and  
5 on the scapular rotation. Proper scapular rotation 
can be assessed by standing behind the patient, placing 

a finger on the inferior angle of the scapula and observ-
ing its behaviour in particular stages of abduction. As 
was already mentioned, there are many studies provid-
ing data on the scapular rotation during flexion and ab-
duction, which is why the authors have undertaken to 
analyse the extension motion and the moment when 
scapula is activated during this motion in the shoulder 
girdle complex [9]. 

Aim of the study

The aim of this paper was to assess the range of mo-
tion during extension in the glenohumeral joint by us-
ing the tele-information application goniometr v.1.0. 
we only analysed the part of the motion occurring in 
the glenohumeral joint, without involving other joints 
from the shoulder girdle complex. moreover, we ana-
lysed which from the two selected anatomical points 
(superior or inferior angle of the scapula) allows for  
a more detailed assessment of when the scapula is acti-
vated during extension of the glenohumeral joint. 

Material and methods

The study was conducted on a population of 20 
healthy subjects, 10 men and 10 women, aged between 
18 and 31 years old (24.4±4.46), who did not suffer 
from pain in the pectoral girdle. each of the subjects 
underwent a physical examination, which included: as-
sessing the range of motion and muscle strength of the 
shoulder girdle complex. Prior to the examination, the 
subject signed a consent form for participating in the 
study. The characteristics of the study population are 
presented in table 1. Three researchers (A, b, and C) 
measured the range of motion during extension in the 
glenohumeral joint three subsequent times during the 
span of one day, using the tele-information application 
goniometr v.1.0. The application was installed on a cell 
phone, which was attached to the side of the subject’s 
arm, in the middle of the deltoid muscle. The subject 
was asked to perform an active extension motion with 
their shoulder. during the motion, the researcher pal-
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pated the inferior angle of the scapula, assessing when 
the scapula activated during the motion. Once the 
inferior angle of the scapula was activated during the 
motion, the researcher recorded the measurement (the 
degree) from the application. during the second meas-
urement, the researcher palpated the superior angle of 
the scapula. The interface of the goniometr v.1.0 ap-
plication, which was installed on the smartphone, is 
presented on figure 1. The results were entered into 
an excel database and analysed using statistica v.10 
software. in order to provide characteristics of the 
study material, descriptive statistics were performed. 
shapiro-wilk’s test was used to assess normal distri-
bution of variables. due to differing results, statistical 
analysis for normal distribution was performed with 
student’s t-test for independent samples. when the 
distribution differed from normal, statistical analysis 
was performed with kruskall-wallis test. statistical 
significance was set at p ≤ 0.05.

smartphones avail-
able on the market have 
an in-built accelerom-
eter, which allows to de-
termine the placement of 
the device. Access to the 
data from the accelerom-
eter is available through 
a shared library, used to 
operate it in a given pro-
gramming language. The 
application was written 
in visual studio 2015 
programming environ-
ment, in C# language and 
is an original idea of the 
research team. 

Results

table 2. shows the 
measurements of the 
range of motion of the 
glenohumeral joint tak-
en during palpation of 
the inferior angle of the 
scapula. we included all 
measurements taken by 
three independent re-
searchers. 

table 1. Characteristics of the study population including age, bmi, height and weight

Variable Age
[years]

BMi
[kg/m2]

Height [m] Weight [kg]

no.

1 25 27.75749 1.85 95

2 21 21.22449 1.75 65

3 19 22.85714 1.75 70

4 20 21.71807 1.73 65

5 20 22.22222 1.80 72

6 20 21.79931 1.70 63

7 16 15.65454 1.84 53

8 29 22.83951 1.80 74

9 31 24.07407 1.80 78

10 27 27.10204 1.75 83

11 30 23.18367 1.75 71

12 18 25.08286 1.83 84

13 28 21.55102 1.75 66

14 29 22.53061 1.75 69

15 20 20.98765 1.80 68

16 25 20.76125 1.70 60

17 28 27.75510 1.75 85

18 29 20.24490 1.75 62

19 20 23.76543 1.80 77

20 25 27.17312 1.85 93

total 24±4.69 23.01±2.95 1.78±0.05 72.65±11.03

source: Own study.

source: Own study.

Figure 1. Original application for measuring range of 
motion in the glenohumeral joint
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The range of extension of the glenohumeral joint 
taken during palpation of the inferior angle of the 
scapula was between 2 and 15 degrees, which indicates 
quick activation of the scapulothoracic joint during the 

motion. table 3 includes means, medians and standard 
deviations from three measurements of the range of 
extension of the glenohumeral joint taken during pal-
pation of the inferior angle of the scapula. 

table 2. distribution of results of extension of the glenohumeral joint during palpation of the inferior angle of the 
scapula in degrees. results recorded by three independent researchers

no.
Researcher A Researcher B Researcher C

x
Result  1 Result 2 Result 3 Result 1 Result 2 Result 3 Result 1 Result 2 Result 3

1 8 7 5 8 11 10 12 11 9   9.000

2 6 6 7 5 7 6 7 6 6   6.222

3 7 6 9 7 6 4 9 7 8   7.000

4 12 11 13 10 13 11 12 11 11 11.556

5 10 9 10 8 11 10 9 4 8   8.778

6 7 6 7 7 9 7 7 5 4   6.556

7 2 3 3 2 3 4 3 3 5   3.111

8 15 13 13 10 12 12 13 12 12 12.440

9 4 3 3 5 2 4 4 4 4   3.667

10 2 5 6 3 6 3 5 4 6   4.444

11 6 6 4 4 6 7 6 7 9   6.111

12 7 3 4 6 3 4 3 4 4   4.222

13 8 6 7 7 6 7 5 6 7   6.556

14 10 13 11 13 13 11 12 12 15 12.220

15 4 3 7 5 7 6 4 3 6   5.000

16 7 9 6 6 6 10 7 9 9   7.667

17 6 6 6 5 6 6 7 11 8   6.778

18 8 6 9 6 8 5 6 8 8   7.111

19 9 8 12 10 11 9 11 10 9   9.889

20 8 6 9 7 9 7 7 9 9   7.889

source: Own study.

table 3. means, medians and standard deviations from three measurements of the range of extension of the  
glenohumeral joint taken during palpation of the inferior angle of the scapula from three independent researchers

no.
Researcher A Researcher B Researcher C

Mean Median ±SD Mean Median ±SD Mean Median ±SD

1   6.66 7 1.52   9.66 10 1.52 10.66 11 1.52

2   6.33 6 0.57   6.00 6 1.00   6.33 6 0.57

3   7.33 7 1.52   5.66 6 1.52   8.00 8 1.00

4 12.00 12 1.00 11.33 11 1.52 11.33 11 0.57

5   9.66 10 0.57   9.66 10 1.52   7.00 8 2.64

6   6.66 7 0.57   7.66 7 1.15   5.33 5 1.52

7   2.66 3 0.57   3.00 3 1.00   3.66 3 1.15

8 13.66 13 1.15 11.33 12 1.15 12.33 12 0.57

9   3.33 3 0.57   3.66 4 1.52   4.00 4 0.00

10   4.33 5 2.08   4.00 3 1.73   5.00 5 1.00

11   5.33 6 1.15   5.66 6 1.52   7.33 7 1.52

12   4.66 4 2.08   4.33 4 1.52   3.66 4 0.57

13   7.00 7 1.00   6.66 7 0.57   6.00 6 1.00
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table 4 shows the results of measurements of the 
range of extension of the glenohumeral joint taken 
during palpation of the second anatomical point – the 
superior angle of the scapula. we included all measure-
ments taken by three independent researchers.

Analysis of the results for the range of extension 
of the glenohumeral joint taken during palpation of 

the superior angle of the scapula shows the range was 
between 3 and 12 degrees, which indicates activation 
of the scapulothoracic joint in the motion was just as 
quick, as in the case of the results for palpation of the 
inferior angle of the scapula activated during extension 
of the glenohumeral joint. 

table 4. distribution of results of extension of the glenohumeral joint during palpation of the superior angle of 
the scapula in degrees. results recorded by three independent researchers

no.
Researcher A Researcher B Researcher C

x
Result  1 Result 2 Result 3 Result 1 Result 2 Result 3 Result 1 Result 2 Result 3

1   9   7   8 12 12   9 10   7   8   9.111

2   7   9   7   7   8   8   9   8   7   7.778

3   6   6   8   9   7   7   7   7   8   7.222

4 11   5 12 13 12 10 12 12 12 11.000

5 13   7 11 12 12 11   9   4   8   9.667

6   8   9   7   9   8   8   7   6   9   7.889

7   4   5   3   4   4   5   3   5   4   4.111

8 17 13 14 15 13 14 11 10 11 13.111

9   3   3   3   3   5   4   5   3   4   3.667

10   5   6   7   6   6   5   7   5   6   5.889

11   5   6   6   4   6   7   5   4   6   5.444

12   5   4   5   5   5   4   4   5   5   4.667

13   8   8   8 11 11 10   9 10 12   9.667

14 11 13 12   9   9 10 11 10 12 10.778

15   5   4   4   5   4   8   5   6   4   5.000

16   8   8   5   7   7   8   7   5   6   6.778

17   7 10   7   8   9   6   8 10   7   8.000

18   6   7   7   7   8   5   7   6   7   6.667

19 10   9 12 10 11   8 12 10   8 10.000

20   7   8   8   7   9 12   9   8   8   8.444

source: Own study.

no.
Researcher A Researcher B Researcher C

Mean Median ±SD Mean Median ±SD Mean Median ±SD

14 11.33 11 1.52 12.33 13 1.15 13.00 12 1.73

15   4.66   4 2.08   6.00   6 1.00   4.33   4 1.52

16   7.33   7 1.52   7.33   6 2.30   8.33   9 1.15

17   6.00   6 0.00   5.66   6 0.57   8.66   8 2.08

18   7.66   8 1.52   6.33   6 1.52   7.33   8 1.15

19   9.66   9 2.08 10.00 10 1.00 10.00 10 1.00

20   7.66   8 1.52   7.66   7 1.15   8.33   9 1.15

source: Own study.

table 3 contd.
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during the assessment of the range of extension of 
the glenohumeral joint taken during palpation of the 
superior angle of the scapula, the highest mean result 
for extension from three measurements documented 
by researcher A was: 14.66, by researcher b 11.66, and 
by researcher C 10.66. The lowest mean results were 3, 
4, and 4 for researchers A, b and C, respectively. The 
highest documented medians were: 14 for researcher 
A, 14 for researcher b and 12 for researcher C. The low-
est were: 3 for researcher A, 4 for researcher b and 4 for 
researcher C.

we analysed the differences between the results 
from the three researchers. The analysis of the results 
for measurements of the extension of the glenohumer-
al joint taken during palpation of the superior angle of 
the scapula are presented on figure 2 and for the re-
sults for measurements taken during palpation of the 
inferior angle of the scapula on figure 3.

 

table 5. means, median and standard deviations from three measurements of the range of extension of the  
glenohumeral joint taken during palpation of the superior angle of the scapula from three independent researchers

no.
Researcher A Researcher B Researcher C

Mean Median ±SD Mean Median ±SD Mean Median ±SD

1   8.00   8 1.00 11.00 12 1.73   8.33   8 1.52

2   7.66   7 1.15   7.66   8 0.57   8.00   8 1.00

3   6.66   6 1.15   7.66   7 1.15   7.33   7 0.57

4   9.33 11 3.78 11.66 12 1.52 12.00 12 0.00

5 10.33 11 3.05 11.66 12 0.57   7.00   8 2.64

6   8.00   8 1.00   8.33   8 0.57   7.33   7 1.52

7   4.00   4 1.00   4.33   4 0.57   4.00   4 1.00

8 14.66 14 2.08 14.00 14 1.00 10.66 11 0.57

9   3.00   3 0.00   4.00   4 1.00   4.00   4 1.00

10   6.00   6 1.00   5.66   6 0.57   6.00   6 1.00

11   5.66   6 0.57   5.66   6 1.52   5.00   5 1.00

12   4.66   5 0.57   4.66   5 0.57   4.66   5 0.57

13   8.00   8 0.00 10.66 11 0.57 10.33 10 1.52

14 12.00 12 1.00   9.33   9 0.57 11.00 11 1.00

15   4.33   4 0.57   5.66   5 2.08   5.00   5 1.00

16   7.00   8 1.73   7.33   7 0.57   6.00   6 1.00

17   8.00   7 1.73   7.66   8 1.52   8.33   8 1.52

18   6.66   7 0.57   6.66   7 1.52   6.66   7 0.57

19 10.33 10 1.52   9.66 10 1.52 10.00 10 2.00

20  7.66   8 0.57   9.33   9 2.51   8.33   8 0.57

source: Own study.

Researchers

source: Own study.

Figure 2. distribution of the results from three  
researchers for measurements of the extension of 
the glenohumeral joint taken during palpation of the  
superior angle of the scapula

table 5 includes means, medians and standard 
deviations from three measurements of the range of 
extension of the glenohumeral joint taken during pal-

pation of the superior angle of the scapula from three 
independent researchers. 
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Researchers

source: Own study.

Figure 3. distribution of the results from three  
researchers for measurements of the extension of 
the glenohumeral joint taken during palpation of the  
inferior angle of the scapula

A kruskall-wallis test analysis of the results from 
palpation of the superior and inferior angle did not 
show statistically significant differences (p = 0.79 and 
p = 0.88).

Discussion

According to the available sources, the range of ex-
tension of the shoulder girdle complex is 65 degrees. it 
is noteworthy, that the motion involves several joints. 
based on the presented results, we can surmise that the 
range of extension limited to the glenohumeral joint is 
between 2 and 15 degrees, which means other joints 
from the shoulder girdle complex join the motion fairly 
quickly. The researches did not take into consideration 
significant factors, such as: placement of the scapula 
in regards to the thoracic wall or examination of the 
joint game, which could have had significant effect on 
the large differences between the highest and the low-
est range of motion in the examined joint. in view of 
the results of this study, further analysis of the rage of 
motion in other joints in the shoulder girdle complex 
and how other joints become involved in the extension 
shows merit. furthermore, an analysis of the extension 
of the glenohumeral joint including the positioning of 
the elbow, taking into consideration the placement of 
the muscles which affect two joints, e.g. the triceps arm 
muscle, also shows merit. 

when assessing the range of motion, two ele-
ments are taken into consideration: range of motion 
and quality of motion. it is possible to refer to isOm 
standards, which determine the physiological norms of 
range of motion for particular joints, during an assess-
ment. when assessing the quality of motion, attention 
must paid to crepitations (clearly audible sounds from 
the joints) and the plane on which the motion is per-
formed. Audible crepitations can point to degeneration 
or instability of the joint, while distortions/deviations 
from a motion plane can be caused by, e.g., pain [10].

The available sources show that the sternoclavicular 
joint is more mobile than the glenohumeral joint. The 
range of motion in the sternoclavicular joint is: crani-
ally 45 degrees, caudally 7 degrees, ventrally 30 degrees 
and dorsally 30 degrees, while anteriorly 10 degrees 
and posteriorly 45 degrees. from the biomechanical 
point of view in the glenohumeral joint, lifting mo-
tions and anterior and posterior rotation are the most 
important for the shoulder girdle complex [11–13]. 
manual clinical tests very often aim towards selective 
provocation of muscles and as isolated a motion as 
possible. however, the available sources do not contain 
data on when the scapula activates during extension 
of the glenohumeral joint. A detailed assessment of 
extension of the shoulder girdle complex can help us 
find reasons for decreased mobility. based on the pre-
sented results, we can surmise that the scapulothoracic 
joint activates below 10 degrees during extension of an 
superior extremity, however this conclusion requires 
confirmation on a larger study population. 

Conclusions

1. range of extension of the glenohumeral joint 
measured with the tele-information application 
goniometr v.1.0 was 7–8 degrees.

2. Palpation of the superior angle of the scapula 
during the assessment of the range of extension of the 
glenohumeral joint allows for a more precise assess-
ment of when the scapula activates during the motion, 
in comparison with the inferior angle. 

3. further research on a larger study population 
with the use of more researchers, to avoid measuring 
errors, is required.
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