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Abstract

Background: Shoulder horizontal adduction (HA) is performed in many activities of daily living. The
limited range of motion (LROM) of HA is affected by the tightness of the posterior deltoid, infraspinatus,
teres major, and posterior capsule of glenohumeral joint. The LROM of shoulder HA contributes to
excessive scapular abduction.

Objects: The aim of this study is to compare the scapular abduction distance and three—dimensional
displacement of the scapula during shoulder horizontal adduction between subjects with and without the
LROM of shoulder HA.

Methods: 24 subjects (12 people in LROM group and 12 people in normal ROM group) participated.
Subjects with less than 115° of HA ROM were included in LROM group. Shoulder HA was performed 3
times for measuring scapular abduction distance and three-dimensional displacement of the scapula. Tape
measure was used for measuring scapular abduction distance. Scapular abduction distance was normalized
by dividing the scapular size. Polhemus Liberty was used for measuring the three-dimensional
displacement of the scapula.

Results: Normalized scapular abduction distance was significantly greater in LROM group than normal
ROM group (p<.001). Three-dimensional displacement of the scapula during shoulder HA was greater in
LROM group than normal ROM group (p<.05).

Conclusion: LROM group had a greater scapular abduction and three-dimensional displacement of the
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scapula during shoulder HA compared to normal ROM group.

Key Words: Scapular abduction; Scapular kinematics; Shoulder horizontal adduction.

Introduction

Shoulder horizontal adduction (HA) involves many
activities of daily living (ADL) such as brushing
teeth, washing face, and combing hair (Sheikhzadeh
et al, 2008). Namdari et al (2012) demonstrated that
complete ADL requires 115° of HA. HA involves not
only ADL, but sports activities such as baseball,
football, golf, tennis, and rugby (Fleisig et al, 1996;
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Helgeson and Stoneman, 2014; Mitchell et al, 2003;
Silva et al, 2006). HA occurs in the glenohumeral
(GH) joint and scapulothoracic joint. The range of
motion (ROM) of HA is measured at 90° shoulder
abduction and 90° elbow flexion and then the sub-
jects horizontally adduct their shoulder (Hislop and
Montgomery, 2007).

Dashottar et al (2014) mentioned that the limited
range of motion (LROM) of HA in the GH joint may



be affected by the tightness of posterior deltoid, in—
fraspinatus, teres major, latissimus dorsi, and poste—
rior capsule of GH joint. The extensibility of the
shoulder’s external muscles also affects HA. Laudner
et al (2012) mentioned that the accumulation of
forces at the posterior shoulder causes posterior
shoulder tightness which appeared in the LROM of
the GH joint internal rotation and HA. Sahrmann
(2002) mentioned that the LROM of HA contributes
to excessive scapular abduction. Excessive scapular
abduction induces pain at the anterior or posterior
shoulder or deltoid area and pain during overhead
activities and reaching forward, not being able to lie
on the painful side (Sahrmann, 2002). When throwers
horizontally adduct their arm, the throwing shoulder
has less ROM than the non-throwing shoulder (Borsa
et al, 2008). Borsa et al (2008) mentioned that throw-
ers with posterior shoulder tightness might be asso—
ciated with reactive scarring or contracture of the per—
1scapular soft tissue structures. Because excessive pos—
terior shoulder tightness causes various shoulder prob—
lems, previous studies have investigated the effects of
posterior shoulder stretching exercise (Laudner et al,
2012; Salamh et al, 2015; McClure et al, 2007).
Scapular kinematics has been investigated in vari—
ous ways. Lin et al (2006) compared scapular kine-
matics between subjects with posterior shoulder
tightness and anterior shoulder tightness during arm
elevation. They found that subjects with anterior
shoulder tightness had more anterior tipped scapular
position and more excessive scapular upward
rotation. Karduna et al (2001) investigated scapular
kinematics during shoulder flexion in the scapular

plane and sagittal plane, and internal to external

Table 1. Characteristics of the subjects
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shoulder rotation. They found errors between (1)
tracker method which is a hone-based receiver and
(2) acromial method which is a skin-based receiver.
Yang et al (2009) investigated scapular kinematics
during active shoulder abduction in the scapular
plane between subjects with anterior shoulder tight—
ness and with posterior shoulder tightness. They
found that subjects with anterior shoulder tightness
had significant correlation with scapular tipping.

In previous studies, scapular kinematics was re-
searched during shoulder flexion in the scapular
plane and sagittal plane, and during shoulder
abduction. However, no studies have investigated
about scapular kinematics during shoulder HA, al-
though shoulder HA happens a lot in ADL and
sport. The purpose of this study is to compare the
scapular kinematics during active shoulder HA be-
tween subjects with and without LROM of shoulder
HA. We hypothesized that (1) normalized scapular
abduction distance would be greater in subjects with
LROM of shoulder HA compared with those without
LROM and (2) three-dimensional displacement of the
scapula would be greater in subjects with LROM of
shoulder HA compared with those without LROM.

Methods

Subjects

24 subjects (12 subjects in LROM group, 12 sub-
jects in normal ROM group; 14 males and 10 fe-
males) were recruited from Yonsei University (Table
1). The inclusion criterion of LROM group is less
than 115° of HA ROM (Namdari et al, 2012). People

(N=24)

Characteristics Normal ROM?* group (n;=12) LROM® group (n,=12)
Age (year) 21.8+1.1¢ 21.8+£2.2
Height (cm) 168.0+£7.7 169.4+8.3
Weight (kg) 66.2+11.2 67.5£13.4
BMI?¢ (kg/m’) 23.3£2.9 23.4+35

range of motion, limited range of motion, “mean*standard deviation, %hody mass index.
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who had a history of shoulder surgery and shoulder
symptoms needed medical treatment in the last year,
or shoulder pain at the time of study were excluded
(Manske et al, 2010). Before this study, procedures
were explained in detail, and all subjects signed the
consent form. The study was approved by the
Yonsei University Wonju Institutional Review Board
(approval number: 1041849-201511-BM-073-02).

Tape measure

To measure the distance between 3rd thoracic spi—
nous process and root of the scapular spine, and the
distance between the root of the scapular spine and
posterolateral acromion, the 3rd thoracic spinous
process and acromion were marked by a wa-
ter-based marker. Tape measure was used for meas—
uring the distance between markers.

Polhemus Liberty™

The Polhemus Liberty™ (Polhemus Navigation Science
Division, Kaiser Aerospace, Vermont, USA) is an
electromagnetic motion—tracking device. It was used
to collect the three-dimensional kinematic data of
scapula during active HA. Liberty consists of a
transmitter that creates electromagnetic field, and
sensors that detect its position and orientation. Data
were stored on a personal computer and scapular
kinematic data were collected at a sampling rate of
120 Hz. The orientation of the transmitter and sensors
was represented using Euler angle sequence with X
axis-left, Y axis—forward, Z axis—up (Karduna et al,

2001). Liberty had an accuracy of .3° to .7° for rotation
and 4 cm for translation, and repeatability for the scap—
ular kinematics was between 68 to 91 (Shih and Kao,
2011). This device was used for measuring the three—di-
mensional displacement of the scapula in this study.

Procedure

Subjects wore a sleeveless shirt and sat on an ad-
justable chair with 90° hip and knee flexion and feet
on the ground (Ahn et al, 2014). The subject’s arm
was lying freely at the side of the body. To prevent
the compensatory motion of trunk, straps were applied
on the rib (Ahn et al, 2014). To measure the scapular
size for normalizing scapular abduction distance, the
distance between the 3rd thoracic spinous process and
root of the scapular spine, and the distance between
the 3rd thoracic spinous process and posterolateral ac—
romion were measured (DiVeta et al, 1990). Liberty
sensors were attached to the 3rd thoracic spinous
process and flat surface on the posterolateral acromion
with double-sided tape (Karduna et al, 2001; Ludewig
and Cook, 2000; Hsu et al, 2009). The wooden target
bar was set to 130° HA measured by goniometer. The
subjects abducted their arm to 90° for 5 seconds,
moved toward the target bar, and maintained an end
position in 5 seconds using metronome for collecting
the data of Liberty (Figure 1). At the end position of
each trial, the distance between the 3rd thoracic spi—
nous process and root of the scapula was measured
by tape measure. Shoulder HA was repeated 3 times
with 10 seconds resting time during the trials.

Figure 1. Shoulder horizontal adduction (A: start position, B: end position).



Data collection

To measure the differences between the pre-test
and post-test of the normalized scapular abduction
distance and three-dimensional displacement of the
scapula, post-test value subtracted from pre—test
value was calculated.

Normalized scapular abduction distance

The distance of the scapular abduction was needed
for normalization because even though the distance
from the 3rd spinous process to the root of the scap—
ular spine was the same, the value of the scapular
abduction could be different depending on the scap-—
ular size (DiVeta et al, 1990). Scapular abduction was
normalized to scapular size by dividing the distance
from the 3rd thoracic spinous process to posterolateral
acromion by the scapular size (DiVeta et al, 1990).
To measure the scapular size for normalizing scap—
ular abduction distance, the distance between the 3rd
thoracic spinous process and root of the scapular
spine subtracted from the distance between the 3rd
thoracic spinous process and posterolateral acromion
(DiVeta et al, 1990). The total scapular abduction
distance at end position was calculated by adding
the scapular size and the distance between the 3rd
spinous process and root of the scapular spine.
Normalized scapular abduction distance was calcu—
lated by dividing the total scapular distance at end
position into the scapular size (DiVeta et al, 1990)
(Figure 2). Normalized scapular abduction distance
was measured 3 times at end position. The data
were averaged and calculated.

Three—dimensional displacement of the scapula

Liberty was used for collecting three—-dimensional
displacement data; however, the tape measure was
two-dimensional. The tape measure was used to
measure scapular abduction and protraction although
scapular movement might result not only to abduc-
tion and protraction but also to other movements.
Thus, Liberty was used to measure overall scapular
movement, namely the three-dimensional displace—
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Figure 2. Scapular size was measured by the
distance difference value between (A) from the
3rd thoracic spinous process to posterolateral
acromion and (B) from the 3rd thoracic
spinous process to root of the scapular spine.
Normalized scapular abduction distance=[scapular
size+(B)]/scapular size.

ment of the scapula. Three-dimensional displacement
of the scapula was described as the relative orientation
between the thoracic spine and scapula, which were
measured by Liberty. It was scapular displacement on
the basis of the 3rd thoracic spinous process
displacement. To calculate the three-dimensional dis—
placement of the scapula, Euler angle was used. The
subjects maintained their start position and end posi-
tion for 5 seconds to save Liberty data. The data dur—
ing the middle 3 seconds were used and averaged.

Statistical Analysis

For statistical analyses, SPSS ver. 21.0 (SPSS Inc.,
Chicago, IL, USA) was used. Normal distribution was
examined using Kolmogorov-Smirnov Z-test, and an
independent t-test was used to compare normalized
scapular abduction distance and the distance of scap-
ular movement between groups with LROM and nor—
mal ROM. The level of significance was set to .05.

Results

Normalized scapular abduction distance
The results indicate the difference value between
the pre-test and post-test of the normalized scapular
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abduction distance. The change of normalized scap—
ular abduction distance was significantly greater in
LROM group compared to normal ROM group (p<.001)
(Table 2). The ratio of LROM group to normal ROM
group was 2.55.

Three—dimensional displacement of the scapula

The three—dimensional displacement of the scapula
was expressed as a relative orientation between the
thoracic spine movement and scapular movement.
The results indicated the difference value between
the pre-test and post-test of the three-dimensional
displacement of the scapula. The change of three-di—
mensional displacement of the scapula was sig—
nificantly greater in LROM group compared to nor—
mal ROM group (p<.05) (Table 3). The ratio of
LROM group to normal ROM group was 1.33.

Discussion

In this study, normalized scapular abduction dis-
tance and three-dimensional displacement of the
scapula during shoulder HA was investigated in
subjects with and without LROM of shoulder HA.
Normalized scapular abduction distance was sig—
nificantly greater in LROM group than normal ROM
group. LROM group was 255 times as big as nor—

mal ROM group. Three-dimensional displacement of
the scapula was significantly greater in LROM group
than normal ROM group. LROM group was 1.33
times as big as normal ROM group.

LROM group had significantly greater normalized
scapular abduction distance than normal ROM group.
This can be explained by shortened/dominant poste-
rior deltoid (Sahrmann, 2002). If posterior shoulder is
shortened, humeral movement would be followed by
the scapula during shoulder HA because the domi-
nance of the posterior deltoid leads to progress of
shortness of the posterior deltoid muscle (Sahrmann,
2002). Relative muscle stiffness is defined as a series
of springs of diverse stiffness (Sahrmann, 2002).
This can be explained by shoulder horizontal abduc—
tors being stiffer than shoulder horizontal adductors,
so the spring of shoulder horizontal abductor is
stronger than the spring of shoulder horizontal
adductors. The more flexible the spring is, the easier
to move. This means that relative stiffness on poste—
rior deltoid muscle influences this result. Another
study indicated that scapula moves and cannot iso-
late the soft tissue surrounding the posterior GH
joint when the horizontal adduction is performed
without scapular stabilization (Salamh et al, 2015).
This means that if the soft tissue of the posterior
GH joint could not be isolated, then scapula would
follow the humeral movement. Thus, normalized

Table 2. Comparison of normalized scapular abduction distance between normal ROM group and LROM group

Scapular abduction Mean=SD? p value
Normal ROM® group .05£.02
<.001
LROM® group 13+.05

dstandard deviation, Prange of motion, “limited range of motion.

Table 3. Comparison of the three-dimensional displacement of the scapula between normal ROM group and

LROM group (Unit: cm)
Displacement of the scapula Mean+SD? p value
Normal ROM® group 2.52+.50 005
LROMS® group 3.36+.78 '

standard deviation, Prange of motion, ‘limited range of motion.



scapular abduction distance is more increased in
LROM group because of the tightness of the posteri—
or deltoid. Further, LROM group might require scap—
ular stabilization during HA motion for normal scap—
ular position.

Hsu et al (2009) investigated scapular lateral dis—
placement by Liberty during shoulder flexion in
scapular plane in subjects with shoulder impingement
syndrome. They found that applying kinesiotape in
lower trapezius had less lateral displacement of the
scapula than not applying Kkinesiotape. However,
scapular abduction occurred in the horizontal plane
(Njjs et al, 2007). In Liberty data, LROM group had
significantly greater movement distance in the XY
plane than normal ROM group (normal ROM group
average=2.34, LROM group average=3.15, p=.018). We
identified in two ways that when LROM group per—
formed shoulder HA, scapula was more abducted
than normal ROM group. Thus, in comparison with
the research of Hsu et al (2009), the current study is
superior in subjects. Hsu et al (2009) compared the
scapular kinematics in subjects with impingement
syndrome. But this study compared subjects with
and without LROM of HA. In this study, scapular
abduction was significantly greater in LROM group
compared to normal ROM group (p=.018).

Three-dimensional displacement of the scapula
was significantly large in LROM group compared to
normal ROM group. The difference between normal-
ized scapular abduction distance and three-dimen-—
sional displacement of the scapula was dimensional
expression. Two-dimensional data couldn’'t get the
movement of the sagittal and/or coronal plane, but
three-dimensional data could get that movement. In
three—dimension, scapular displacement can be ex-—
plained by the tightness of posterior deltoid, infra—
spinatus, teres minor, and posterior capsule (Dashottar
et al, 2014, Lin et al, 2006). Tightness of posterior
deltoid, infraspinatus, and teres minor muscle alters
the ROM and rotational force (Laudner et al, 2008).
Thomas et al (2011) found that the more the posteri-
or capsule was thick, the less was the ROM of GH
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joint. Our results agree with the results of posterior
shoulder tightness in this previous study. Thus
scapular stabilization is needed because of the tight-
ness of the muscles and capsule.

Yang et al (2009) demonstrated that posterior
shoulder tightness had moderate relationships with
humeral internal and external rotation, but it did not
investigate the relationship with shoulder horizontal
adduction. Other previous studies tried to measure
scapular motion during horizontal adduction, but the
data were lost because of a computer problem
(Karduna et al, 2001). However, Karduna et al (2001)
investigated cadaveric study. In this study, we in-
vestigated scapular kinematics during active shoulder
HA on humans. Muscle tension and skin resistance
were not the same in cadaver and human. This
study is useful for human scapular kinematics, and
individuals with shoulder HA LROM can help ex-
plain the scapular stabilization during shoulder HA.

The limitations of the current study should be
noted. First, we attached two Liberty sensors at the
3rd thoracic spinous process and posterolateral acro—
mion but previous study used invasive Liberty sen-—
sor (Karduna et al, 2001). Second, internal and ex-
ternal shoulder rotation ROM could influence the
cause of HA LROM but this study did not
investigate. Third, this study didn’t distinguish mus-
cles which were causes of LROM. This study inves-
tigated shoulder horizontal adductor group. Further
study require scapular stabilization during shoulder
HA stretching among individuals with shoulder HA
LROM based on this study.

Conclusion

This study investigated scapular kinematics during
active HA. Our results demonstrate that normalized
scapular abduction distance and three-dimensional
displacement of the scapula moved more in LROM
group. In clinical intervention, stretching exercise of

the posterior deltoid, infraspinatus, teres major, lat-
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1ssimus dorsi, and posterior capsule of GH joint, and
strengthening exercise of the rhomboid, and lower
trapezius could be useful scapular stabilization in the
cases of HA LROM patients.

References

Ahn SH, Kwon OY, Choung SD, et al. Comparison of
muscle activity ratio of upper trapezius to serra—
tus anterior during shoulder elevation between
subjects with and without pain experienced in
upper trapezius. Phys Ther Korea. 2014;21(2):
67-73. http://dx.doi.org/10.12674/ptk.2014.21.2.067

Borsa PA, Laudner KG, Sauers EL. Mobility and
stability adaptations in the shoulder of the over—
head athlete: A theoretical and evidence-based
perspective. Sports Med. 2008;38(1):17-36.

Dashottar A, Costantini O, Borstad J. A comparison
of range of motion change across four posterior
shoulder tightness measurements after external
rotator fatigue. Int J Sports Phys Ther. 2014;
9(4):498-508.

DiVeta ], Walker ML, Skibinski B. Relationship be-
tween performance of selected scapular muscles
and scapular abduction in standing subjects.
Phys Ther. 1990;70(8):470-476.

Fleisig CS, Escamilla RF, Andrews JR, et al
Kinematic and kinetic comparison between base-—
ball pitching and football passing. ] Appl
Biomech. 1996;12(2):207-224.

Helgeson K Stoneman P. Shoulder injuries in rugby
players: Mechanisms, examination, and rehabilitation.
Phys Ther Sport. 2014;15(4):218-227. http://dx.doi.org/
10.1016/].ptsp.2014.06.001

Hislop HJ, Montgomery J. Daniels and Worthingham's
Muscle Testing: Techniques of manual examination.
8th ed. Philadelphia, WM Saunders, 2007:102-106.

Hsu YH, Chen WY, Lin HC, et al. The effects of
taping on scapular kinematics and muscle per-
formance in baseball players with shoulder im-

pingement syndrome. ] Electromyogr Kinesiol.

2009;19(6):1092-1099.  http://dx.doi.org/10.1016/ jelekin.
2008.11.003

Karduna AR, McClure PW, Michener LA, et al
Dynamic measurements of three-dimensional scap-
ular kinematics: A validation study. ] Biomech
Eng. 2001;123(2):184-190.

Laudner KG, Moline M, Meister K. Lack of a relation—
ship between glenohumeral external-rotation
strength and posterior shoulder tightness in base—
ball players. J Sports Rehabil. 2012;21(1):12-17.

Laudner KG, Sipes RC, Wilson JT. The acute effects
of sleeper stretches on shoulder range of motion. J
Athlet Train. 2008;43(4):359-363. http://dx.doi.org/
10.4085/1062-6050-43.4.359

Lin JJ, Lim HK, Yang JL. Effect of shoulder tight-
ness on glenohumeral translation, scapular kine-
matics, and scapulohumeral rhythm in subjects
with stiff shoulders. J Orthop Res. 2006;24(5):
1044-1051.

Ludewig PM, Cook TM. Alterations in shoulder kin-
ematics and associated muscle activity in people
with symptoms of shoulder impingement. Phys
Ther. 2000;80(3):276-291.

Manske RC, Meschke M, Porter A, et al. A random-—
ized controlled single-blinded comparison of
stretching versus stretching and joint mobi—
lization for posterior shoulder tightness meas-
ured by internal rotation motion loss. Sports
Health. 2010;2(2):94-100.

McClure P, Balaicuis ], Heiland D, et al. A random-
ized controlled comparison of stretching proce-
dures for posterior shoulder tightness. ] Orthop
Sports Phys Ther. 2007;37(3):108-114.

Mitchell K, Banks S, Morgan D, et al. Shoulder mo-
tion during the golf swing in male amateur
golfers. ] Orthop Sports Phys Ther. 2003;33(4):
196-203.

Namdari S, Yagnik G, Ebaugh DD, et al. Defining
functional shoulder range of motion for activities
of daily living. J Shoulder Elbow Surg. 2012;21(9):
1177-1183. http://dx.doi.org/10.1016/].jse.2011.07.032

Nijs J, Roussel N, Struyf F, et al. Clinical assess—



ment of scapular positioning in patients with
shoulder pain: State of the art. J Manipulative
Physiol Ther. 2007;30(1):69-75.

Sahrmann S. Diagnosis and Treatment of Movement
Impairment Syndromes. 1st ed. St Louis, Mosby,
2002:29-31, 216-260.

Salamh PA, Kolber M]J, Hanney W]. Effects of
scapular stabilization during horizontal adduction
stretching on passive internal rotation and pos-—
terior shoulder tightness in young women vol-
leyball athletes: A randomized controlled trial.
Arch Phys Med Rehabil. 2015;,96(2):349-356.
http://dx.doi.org/10.1016/j.apmr.2014.09.038

Sheikhzadeh A, Yoon J, Pinto V], et al. Three-di-
mensional motion of the scapula and shoulder
during activities of daily living. ] Shoulder
Elbow Surg. 2008;17(6):936-942. http://dx.doi.org/
10.1016/j.js€.2008.04.008

Shih YF, Kao YH. Influence of pain location and
hand dominance on scapular kinematics and
EMG activities: An exploratory study. BMC
Musculoskelet Disord. 2011;12:267. http://dx.doi.org/

St AT X 583 %] 20161 237 3% 68-75
Phys Ther Korea 2016;23(3):68-75

10.1186/1471-2474-12-267

Silva RT, Gracitelli GC, Saccol MF, et al. Shoulder
strength profile in elite junior tennis players:
Horizontal adduction and abduction isokinetic
evaluation. Br J Sports Med. 2006;40(6):513-517.

Thomas SJ, Swanik CB, Higginson JS, et al. A bi—
lateral comparison of posterior capsule thickness
and its correlation with glenchumeral range of
motion and scapular upward rotation in collegiate
baseball players. J Shoulder Elbow Surg. 2011,
20(5):708-716. http://dx.doi.org/10.10167j.jse.2010.08.031

Yang JL, Chen SY, Chang CW, et al. Quantification
of shoulder tightness and associated shoulder
kinematics and functional deficits in patients
with stiff shoulders. Man Ther. 2009;14(1):81-87.
http://dx.doi.org/10.1016/j.math.2007.11.004

This article was received August 2, 2016, was re—
viewed August 2, 2016, and was accepted
September 2, 2016.



	Introduction
	Methods
	Subjects
	Tape measure
	Polhemus Liberty™
	Procedure
	Data collection
	Normalized scapular abduction distance
	Three-dimensional displacement of the scapula
	Statistical Analysis

	Results
	Normalized scapular abduction distance
	Three-dimensional displacement of the scapula

	Discussion
	Conclusion
	References

