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Differences in the activity of the shoulder girdle and
lower back muscles owing to postural alteration while
using a smartphone
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Abstract : The purpose of this study was to clarify the influence of different postures on the activity of the shoul-
der girdle and lower back muscles while using a smartphone. Sixteen healthy male participants maintained two
postures while using a smartphone : a good posture in which the tragus and acromion were closer to the vertical
line passing through the greater trochanter, and a poor posture in which the tragus and acromion were farther
from the vertical line passing through the greater trochanter. The target muscles were the rhomboid major
(Rhom), upper trapezius, middle trapezius, lower trapezius (LT), lumbar erector spinae (LES), and lumbar mul-
tifidus (LMF). The activities of the Rhom and LT were significantly lower with poor posture than those with good
posture. The activities of LES and LMF were significantly higher with poor posture than those with good posture.
The results of this study indicated that poor posture was associated with hypoactivity of the shoulder girdle mus-
cles and hyperactivity of the lower back muscles when compared with good posture. Poor posture for prolonged
periods while using a smartphone would lead to malfunction of the shoulder girdle muscles and musculofascial
lower back pain. J. Med. Invest. 67: 274-279, August, 2020
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INTRODUCTION

Lower back, shoulder, and neck pain are common in daily life,
and have the highest complaint rates among people with illness
or injury in Japan (1). Recently, many people are using smart-
phones. In Japan, the personal smartphone ownership rate is
64.7% (2). In addition, more than 90% of individuals in their 20’s
and 30’s own one (2). People who frequently use mobile devices,
such as mobile phones and smartphones have a high percentage
of chronic lower back, neck, and shoulder pain (3-6).

Many people often adopt a poor posture during smartphone
use (7). People who use mobile devices often present with a pos-
ture with the head forward and shoulders rounded because of
flexion of the neck and abduction of the scapula resulting from
placing their hands forward to see the screen. These postures
might lead to fatigue and pain in the neck and shoulder. Several
studies have suggested that hyperactivity and increased strain
on cervical muscles, such as the upper trapezius (UT) and cervi-
cal erector spinae, are cited as a cause of pain and discomfort in
the neck and shoulder (8-11).

Postural correction is important in the prevention and im-
provement of shoulder, neck, and lower back pain. Exercise of
the posterior shoulder girdle muscles, including the middle tra-
pezius (MT), lower trapezius (LT), and rhomboid major (Rhom)
is effective in postural correction (12,13). Abdelhameed et al.
clarified that exercise training and postural correction improved
disability and symptoms related to upper extremity musculo-
skeletal disorders among touchscreen smartphone users (14).
Thus, identification of the causes of the symptoms and conscious
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postural correction are considered important in preventing and
alleviating symptoms, such as low back pain, shoulder pain, and
neck pain. Although previous studies have mainly focused on the
cervical region, such as the cervical angles and changes in neck
muscle activity while using a smartphone and mobile devices,
there are few reports on the activities of the shoulder girdle and
lower back muscles related to posture control.

The purpose of this study was to clarify the influence of dif-
ferent postures on the activity of the shoulder girdle and lower
back muscles while using a smartphone measured using fine-
wire and surface electromyography (EMG). We hypothesized
that poor posture would show hypoactivity of the shoulder girdle
muscles, such as the Rhom, MT, and LT, and hyperactivity of the
lower back muscles, such as the lumbar erector spinae (LES) and
multifidus (LMF).

MATERIALS AND METHODS
Farticipants

A power analysis was performed to estimate the number of
participants for the paired rtest using G*Power 3.1.9.4 (Hein-
rich-Heine Universitiat, Germany). The number of participants
was estimated as 15 with an alpha level = 0.05, power = 0.80,
and effect size Cohen’s d = 0.8. Sixteen healthy males (age : 21 +2
years, height : 170.9+ 5.1 cm, and weight : 68.1 + 10.2 kg) partic-
ipated in this study. Participants were excluded if they had
low back pain, shoulder pain, and neck pain in the prior three
months. All participants provided written informed consent
prior to participation. This study was approved by the ethics
committee of our institution (approval number : 2016-020).

Postural analysis

We attached markers to the tragus, acromion, C7 spinous pro-
cess (15), anterior superior iliac spine (ASIS), posterior superior
iliac spine (PSIS), and greater trochanter on the dominant side
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of the participants. A digital camera (EXLIM EX-100, CASIO,
Japan) was set on a tripod 1.2 m high and 3 m away from the
participants. Two postures, good and poor postures, were mea-
sured using a smartphone. Good posture was defined when the
tragus and acromion markers were closer to the vertical line
passing through the greater trochanter marker, while poor
posture was defined when the tragus and acromion markers
were farther from the vertical line passing through the greater
trochanter marker (Figure 1). Participants performed each pos-
ture for 10 s while holding a smartphone. The upper arms were
placed at the side of the body with the elbow flexed. Participants
performed each posture in a random order. We used the ImagedJ
(16) for posture analysis. The forward head angle (FHA) and for-
ward shoulder angle with respect to C7 (FSA-C7) were defined
as the angles formed by the vertical line passing through the C7
marker and the line connecting the C7 and tragus markers and
the C7 and acromion markers, respectively, (15). The forward
shoulder angle with respect to the greater trochanter (FSA-GT)
was defined as the angle formed by the vertical line passing
through the greater trochanter marker and the line connecting
the greater trochanter and acromion markers (Figure 2). The
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Figure 2. Definition of each postural angle
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anterior pelvic tilt angle (APT) was defined as the angle formed
by the horizontal line passing through the ASIS marker and the
line connecting the ASIS and PSIS markers. The sagittal ver-
tical axis (SVA) distance rates were calculated by dividing the
distance from the vertical line from C7 to the vertical line joining
the midpoint of the ASIS and the PSIS by the distance from the
ASIS and PSIS and multiplying by 100 (Figure 3). All angles
and SVA distance rates were measured three times. The average
value of the three measurements and the intraclass correlation
coefficients (ICC) were calculated.
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Figure 3. SVA distance rates analysis (a) : Vertical line passing
through the midpoint of the ASIS and PSIS. (b) : Vertical line
passing through C7 marker. (c) : Vertical distance between (a) and
(b). (d) : distance between ASIS and PSIS. The SVA distance rate
was calculated as follows : (¢) / (d) - 100. Positive value : (b) is located
behind (a). Negative value : (b) located ahead of (a).

Measurement of muscle activity

The target muscles in this study were the Rhom, UT, MT, LT,
LES, and LMF, all of which were measured on the participant’s
dominant side. The Rhom activity was measured using bipolar
intramuscular fine-wire electrodes (Unique Medical Co., Ltd.,
Tokyo, Japan) and other muscles were measured using surface
electrodes (Blue Sensor N-00-S, METS Co., Japan). The bipolar
intramuscular fine-wire electrodes were covered with a Teflon
coating, except for the tips. The fine-wire electrodes were placed
into 23-gauge sterilized needle (0.60 X 60 mm), and the tips
were bent back to from 3- and 5-mm hooks (17). The needle
with fine-wire electrodes attached was sterilized by heating at
121°C for 20 min using a small fully automatic high-pressure
steam sterilizer (Taneda Medical Instruments Co., Ltd., Tokyo,
Japan). The fine-wire intramuscular electrodes were inserted
into the Rhom by an experienced orthopedist. The participants
were placed in the prone position with the back of the dominant
hand placed on their low back (Figure 4-A). After identification
of the Rhom using ultrasonography (LOGIQe, GE, USA), the
insertion site was disinfected with alcohol. The bipolar fine-fire
electrodes were inserted into the Rhom under ultrasonography
guidance (Figure 4-B). The insertion site was at the midpoint
of the base of the spine of the scapula and the inferior angle of
the scapula (18). The Rhom EMG amplitude was checked with
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Figure 4. Fine-wire insertion into the rhomboid major (Rhom)

active scapula elevation and adduction to confirm the accurate
insertion. After rubbing the skin with alcohol to reduce skin
impedance, the surface electrodes were attached parallel to the
muscle fibers. The surface electrodes were 8-mm in diameter,
and the electrode distance was 20-mm. The placement of the sur-
face electrodes was based on previous studies (19-21) and recom-
mendation of SENIAM (22). The surface electrodes were placed
as follows : UT, the upper back halfway between the C7 spinous
process and acromion process (19) ; MT, midpoint between the
medial border of the scapula and the spine at the level of Th3
(22) ; LT, 2/3 on the line from the base of scapula spine to the
8th thoracic vertebra (22) ; LES, 30 mm lateral to the L3 spinous
process (20) ; and LMF, 20 mm lateral to the L5 spinous process
(21). Both the fine-wire and surface EMG were measured using
a wireless EMG telemeter system (BioLog DL-5000, S&ME Co.,
Japan) at a sampling rate of 1000 Hz.

Maximum voluntary isometric contraction

To compare the muscle activity of each posture, maximum
voluntary isometric contraction (MVIC) was measured as an
index of normalization after completion of all the posture trials.
Participants performed against the manual resistance applied
by the same examiner for all MVIC measurements. The MVIC
measurement method was as follows : Rhom, the participants
performed adduction and downward rotation of the scapula in
the prone position with the back on the dominant hand placed on
the lower back, and the examiner applied manual resistance to
scapula abduction and upward rotation of the distal upper arm
(23) ; UT, the participants shrugged their shoulders in the sitting
position while the examiner pushed downward between the neck
and acromion on both sides (23) ; MT, the participants adducted
their scapula in the prone position with 90° abduction of the
shoulder while the examiner pushed downward on their distal
upper arm (23) ; LT, the participants elevated their upper arm in
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the prone position with the shoulder abducted at 145° while the
examiner pushed downward on their distal upper arm (23) ; LES
and LMF, the participants extended their trunk in the prone
position while the examiner pushed their upper thoracic area
(20). MVIC measurements of each muscle were taken for 5 s in a
random order. A resting period of more than 30 s was allocated
between MVIC measurements.

Data processing

The raw muscle activity data were analyzed using a biological
information analysis software (BIMUTAS-Video, Kissei Com-
tec Co, Ltd, Japan). The bandpass filter for the EMG data was
processed at 20-450 Hz to eliminate motion artifacts (17). The
analysis was performed in the middle 5 s of each posture holding
for 10 s. The EMG activity was represented as percent maximum
voluntary isometric contraction (%MVIC), which was calculated
by normalizing the root mean square value of each muscle ac-
tivity by the highest root mean square value of the MVIC. The
highest root mean square value of the MVIC was calculated
using the root mean square during 1 s of the MVIC trials.

Statistical analysis

All data are expressed as mean =+ standard deviation. A paired
t-test was used to compare the outcome of each postural analy-
sis and each muscle activity in good posture and poor posture.
Statistical analyses for the ¢ test and ICC were performed using
SPSS version 23.0 software (IBM Japan Co., Ltd., Japan). The
effect size (ES) was calculated to represent the magnitude of dif-
ference between muscle activity and postural alignment for each
posture. ES was defined as small, moderate, and large if the
value of Cohen’s d ranged from 0.2 to 0.5, 0.5 to 0.8, and > 0.8,
respectively (24). The significance level was set at 0.05.

RESULTS
Postural analysis

The postural variables and SVA distance rate of each posture
are shown in Table 1 and Figure 5, respectively. The ICC (1,1)
of postural measurement performed three times was 0.984-
0.995, with high reliability in all cases. There were significant
differences between good posture and poor posture for FHA
(50.5+7.2° vs. 67.2 +11.2°, respectively, p <0.01, ES =1.77),
FSA-GT (0.0 £2.3° vs 8.2+ 5.2° respectively, p <0.01,
ES=2.05), APT (7.0+£3.9° vs 4.4+ 4.1°, p<0.01, ES=0.65), and
SVA distance rates (37.0+9.9% vs. -3.5 + 24.4%, respectively,
p<0.01, ES =2.17). There was no significant difference between
good posture and poor posture for FSA-C7 (56.4 + 15.0° vs.
53.9+10.1°, respectively, p =0.51, ES=0.19).

Table 1. The postural variables of each posture (n = 16)
good posture poor posture  pvalue  Effect size
FHA 50.5+7.2 67.2+11.2 0.000" 1.77
FSA-C7 | 56.4+15.0 53.9+10.1 0.51 0.2
FSA-GT 0.0+£2.3 8.2+5.2 0.000" 2.05
APT 7.0£3.9 4.4+41 0.001" 0.65

Values are presented as means + standard deviations (°). FHA,
forward head angle ; FSA-C7, forward shoulder angle for C7 ; FSA-
GT, forward shoulder angle for greater trochanter ; APT, anterior
pelvic tilt angle. * Significant difference by paired *test.
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Figure 5. Differences in sagittal vertical axis (SVA) distance rate
between good posture and poor posture (n = 16). Values are presented
as mean + standard deviation (%). *: p <0.01 by paired #-test.

Muscle activity

The activities of each muscle are shown in Figure 6. The
activity of the Rhom (4.4 £ 7.5%MVIC vs 8.4+ 7.2%MVIC,
respectively, p <0.01, ES=0.55) and LT (5.0 +5.4%MVIC vs
10.2 + 8.3%MVIC, respectively, p <0.05, ES = 0.75) was sig-
nificantly lower in poor posture than that in good posture. The
activities of the LES (11.1 £6.1%MVIC vs 4.4+ 3.0%MVIC,
respectively, p <0.01, ES=1.39) and LMF (10.0 + 4.0%MVIC vs
4.1+ 2.0%MVIC, p<0.01, ES =1.85) were significantly higher
with poor posture than those with good posture. Representative
raw EMG data of Rhom, LT, LES, and LMF in good posture
and poor posture are shown in Figure 7. There were no signif-
icant differences between postures for UT (2.8 £ 3.9%MVIC
vs 1.9+ 3.0%MVIC, respectively, p=0.09, ES=0.25) and MT
1.3+ 1.0%MVIC vs 1.6 + 1.3%MVIC, respectively, p =0.54,
ES=0.20).
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Figure 6. EMG activity of each muscle in good posture and poor
posture (n = 16). Values are presented as mean + standard deviation
(%MVIC). Rhom, rhomboid major ; UT, upper trapezius ; MT, middle
trapezius ; LT, lower trapezius ; LES, lumbar erector spinae ; LMF,
lumbar multifidus. *: p < 0.01 by paired #-test. ** : p < 0.05 by paired
t-test.

Vol. 67 August 2020 277

good
posture

Rhom Hilbidd i
05 [ Wik 00t
LT
s I : 1 | - 0os
bt bl " st th it
®is o
o o i oz
ols o
LMF ' b

Figure 7. Representative raw electromyographic data of Rhom, LT,
LES, and LMF in good posture and poor postures. Rhom, rhomboid
major ; LT, lower trapezius ; LES, lumbar erector spinae ; LMF,
lumbar multifidus.

DISCUSSION

We clarified that poor posture showed lower Rhom and LT
activity, and higher LES and LMF activity than those in good
posture. The results of this study indicated that poor posture
was associated with hypoactivity of the shoulder girdle muscles
and hyperactivity of the lower back muscles when compared with
good posture.

Regarding postural analysis, there were significant differenc-
es between good posture and poor posture for FHA, FSA-GT,
APT, and SVA distance rates. This showed that good posture
was closer to the ideal posture than poor posture, and poor
posture presented a forward head and forward shoulder posture
when compared to good posture in the sagittal plane. The ideal
alignment on the sagittal plane is when the earlobe, acromion,
greater trochanter, anterior part of the patella, and lateral
malleolus are located on a vertical line (25). Conscious postur-
al changes in this study could influence the change in muscle
activity.

The activity of the Rhom and LT was significantly higher in
good posture than that in poor posture in this study. These mus-
cles are considered important for postural maintenance and are
also reported to affect cervical posture (26). It is believed that the
Rhom and LT activities while using a smartphone are necessary
to maintain good posture. Previous studies reported improve-
ments in forward head, rounded shoulder, and muscle strength
by intervention to strengthen LT and MT (13). Weakness or
underactivity of the shoulder girdle muscles, such as the Rhom,
MT, and LT are associated with neck pain (27, 28). Additionally,
forward head and rounded shoulder postures have been shown
to be associated with neck and shoulder pain (29). Thus, we
consider that using a smartphone for a prolonged period in poor
posture causes a decrease in the function of the shoulder girdle
muscles, such as the Rhom and LT, which can lead to neck and
shoulder pain.

Previous studies indicated that poor posture, such as forward
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head posture and slouched posture, increased the activity of
the cervical erector spinae (9, 10). However, few studies have
investigated the influence of different postures on the activity
of the lower back muscles while using a smartphone. The activ-
ities of the LES and LMF were higher with poor posture than
those with good posture in this study. It is considered that poor
posture, which displaces the head and shoulder forward caused
anterior translation of the center of the mass and increased
trunk flexion torque, owing to which, the LES and LMF gener-
ate the trunk extension torque and became more active to offset
the trunk flexion torque. Previous studies demonstrated that
the load to erecter spinae was increased by an increase in the
trunk flexion angle and thoracic kyphosis (30, 31). In addition,
the continuation of lumbar kyphosis caused an increase in LES
activity and its spasm (32). Therefore, increasing the required
muscle activity to maintain posture could lead to muscle fatigue
and pain. Poor posture during smartphone use might lead to
musculofascial lower back pain due to hyperactivity of the lower
back muscles.

The activity of the MT, which is believed to be important for
maintaining good posture, did not show a significant difference
between good posture and poor posture in this study. The origin
of the MT is the spinous processes of the first to fifth thoracic
vertebrae, and the insertion is the medial border of the acromion
and upper border of the scapular spine (23). The origin of the
Rhom is the spinous processes of the second to fifth thoracic
vertebrae, and the insertion is the medial border of the scapula
(23). The Rhom is attached to the medial border of the scapula,
so it has a function of maintaining the scapula adduction posi-
tion while holding the scapula in the thorax. This difference in
the origin and insertion indicates that the moment arm of the
MT, which generates the scapula adduction torque is greater
than that of the Rhom. If dynamic scapula adduction motion is
required, we believe that high MT activity is required. However,
the good posture in this study was not such a dynamic motion.
Therefore, we consider that the necessity to activate the Rhom
for good posture was high, while that to activate the MT for good
posture was low. This finding suggests that the activity of MT
may not be important in maintaining a good posture.

There are a few limitations to this study. First, the postural
analysis variables of each posture are only measured in the sag-
ittal plane. We did not evaluate the alignment of the scapula in
the coronal and transverse planes. Second, we did not measure
the center of mass and range of motion of the cervical spine,
thoracic spine, and scapula. These outcomes might influence the
muscle activity of each posture.

In conclusion, the results of this study indicated that poor
posture showed hypoactivity of the shoulder girdle muscles
and hyperactivity of the lower back muscles when compared
with good posture. Using a smartphone in poor posture for a
prolonged period might lead to malfunctioning of the shoulder
girdle muscles, increase the load on the lumbar region, and cause
muscle fatigue and musculofascial lower back pain. We suggest
that a good posture activating the Rhom and LT while using a
smartphone may be beneficial to prevent and improve musculo-
fascial lower back pain.

CONFLICT OF INTERESTS-DISCLOSURE

This study was supported by a grant-in-Aid for Scientific Re-
search (C) from the Japan Society for the Promotion of Science
(grant numbers : 17K01767). There are no conflicts of interest to
declare.

G. Adachi, et al. EMG analysis while using a smartphone

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Ministry of Health Labour and Welfare, Japan : Compre-
hensive Survey of Living Conditions in 2016. https:/www.
mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosal6/d1/04.pdf
(accessed 19 March 2020), 2017

Ministry of Internal Affairs and Communications,
Japan : Communications Usage Trend Survey in 2018.
https://www.soumu.go.jp/main_content/000622194.pdf (ac-
cessed 19 March 2020), 2019

Berolo S, Wells RP, Amick BC, I : Musculoskeletal symp-
toms among mobile hand-held device users and their rela-
tionship to device use : A preliminary study in a Canadian
university population. Appl Ergon 42(2) : 371-378, 2011
Shan Z, Deng G, LidJ, Li Y, Zhang Y, Zhao Q : Correlational
analysis of neck/shoulder pain and low back pain with
the use of digital products, physical activity and psycho-
logical status among adolescents in Shanghai. PLoS One
8(10) : 78109, 2013

Gustafsson E, Thomee S, Grimby-Ekman A, Hagberg
M : Texting on mobile phones and musculoskeletal disor-
ders in young adults : A five-year cohort study. Appl Ergon
58:208-214, 2017

Xie Y, Szeto G, Dai J : Prevalence and risk factors associat-
ed with musculoskeletal complaints among users of mobile
handheld devices : A systematic review. Appl Ergon 59 : 132-
142, 2017

Xie Y, Szeto G, Madeleine P, Tsang S: Spinal kinematics
during smartphone texting-A comparison between young
adults with and without chronic neck-shoulder pain. Appl
Ergon 68 :160-168, 2018

Straker L, Skoss R, Burnett A, Burgess-Limerick R : Effect
of visual display height on modelled upper and lower cer-
vical gravitational moment, muscle capacity and relative
strain. Ergonomics 52(2) : 204-221, 2009

Douglas E, Gallagher K : The influence of a semi-reclined
seated posture on head and neck kinematics and muscle ac-
tivity while reading a tablet computer. Appl Ergon 60 : 342-
347, 2017

McLean L : The effect of postural correction on muscle acti-
vation amplitudes recorded from the cervicobrachial region.
J Electromyogr Kinesiol 15(6) : 527-535, 2005

Szeto G, Straker L, O’Sullivan P : A comparison of symp-
tomatic and asymptomatic office workers performing mo-
notonous keyboard work-2 : Neck and shoulder kinematics.
Man Ther 10(4) : 281-291, 2005

Ruivo R, Pezarat-Correia P, Carita A : Effects of a resis-
tance and stretching training program on forward head and
protracted shoulder posture in adolescents. J Manipulative
Physiol Ther 40(1) : 1-10, 2017

Lynch S, Thigpen C, Mihalik J, Prentice W, Padua D : The
effects of an exercise intervention on forward head and
rounded shoulder postures in elite swimmers. Br J Sports
Med 44(5) : 376-381, 2010

Abdelhameed A, Abdel-aziem A : Exercise training and pos-
tural correction improve upper extremity symptoms among
touchscreen smartphone users. Hong Kong Physiotherapy
Journal 35 : 37-44, 2016

Thigpen C, Padua D, Michener L, Guskiewicz K, Giuliani
C, Keener J, Stergiou N : Head and shoulder posture affect
scapular mechanics and muscle activity in overhead tasks.
J Electromyogr Kinesiol 20(4) : 701-709, 2010

Schneider C, Rasband W, Eliceiri K: NIH Image to Im-
aged : 25 years of image analysis. Nat Methods 9(7) : 671-
675, 2012

Akuzawa H, Imai A, lizuka S, Matsunaga N, Kaneoka K :



18.

19.

20.

21.

22.

23.

24.

The Journal of Medical Investigation Vol. 67 August 2020

The influence of foot position on lower leg muscle activity
during a heel raise exercise measured with fine-wire and
surface EMG. Phys Ther Sport 28 : 23-28, 2017

Perotto A : Anatomical guide for the electromyographer : the
limbs and trunk. 3th edition. (Kayamori Ryoji, Trans.).
Niigata : Nishimura syoten (Original work published 1996).
1997

Kibler W, Sciascia A, Uhl T, Tambay N, Cunningham
T : Electromyographic analysis of specific exercises for scap-
ular control in early phases of shoulder rehabilitation. Am J
Sports Med 36(9) : 1789-1798, 2008

Okubo Y, Kaneoka K, Imai A, Shiina I, Tatsumura M,
Izumi S, Miyakawa S : Electromyographic analysis of trans-
versus abdominis and lumbar multifidus using wire elec-
trodes during lumbar stabilization exercises. J Orthop
Sports Phys Ther 40(11) : 743-750, 2010

Okubo Y, Kaneoka K, Imai A, Shiina I, Tatsumura M,
Izumi S, Miyakawa S : Comparison of the activities of the
deep trunk muscles measured using intramuscular and
surface electromyography. J Mech Med Biol 10(4) : 611-620,
2010

Hermens H, Freriks B, Disselhorst-Klug C, Rau G : Devel-
opment of recommendations for SEMG sensors and sensor
placement procedures. J Electromyogr Kinesiol 10(5) : 361-
374, 2000

Helen J, Dale A, Brown M : Daniels and Worthingham’s
Muscle Testing : Techniques of manual examination and
performance testing, 9th Edition : Elsevier Health Sciences,
2013

Cohen J : A power primer. Psychol Bull 112(1) : 155-159,

25.

26.

217.

28.

29.

30.

31.

32.

279

1992

Fukuda T : Statokinetic reflexes in equilibrium and move-
ment. Auris Nasus Larynx 11(2) : 118, 1984

Gaffney B, Maluf K, Curran-Everett D, Davidson B : Asso-
ciations between cervical and scapular posture and the spa-
tial distribution of trapezius muscle activity. J Electromyogr
Kinesiol 24(4) : 542-549, 2014

Shahidi B, Johnson C, Curran-Everett D, Maluf K : Reli-
ability and group differences in quantitative cervicothoracic
measures among individuals with and without chronic neck
pain. BMC Musculoskelet Disord 13(215), 2012

Petersen S, Wyatt S : Lower trapezius muscle strength in
individuals with unilateral neck pain. J Orthop Sports Phys
Ther 41(4) : 260-265, 2011

Szeto G, Straker L, Raine S : A field comparison of neck and
shoulder postures in symptomatic and asymptomatic office
workers. Appl Ergon 33(1) : 75-84, 2002

Kiefer A, Shirazi-Adl A, Parnianpour M : Synergy of the
human spine in neutral postures. Eur Spine J 7(6) : 471-479,
1998

Rohlmann A, Bauer L, Zander T, Bergmann G, Wilke
H : Determination of trunk muscle forces for flexion and
extension by using a validated finite element model of
the lumbar spine and measured in vivo data. J Biomech
39(6) : 981-989, 2006

Solomonow M, Baratta R, Banks A, Freudenberger C, Zhou
B : Flexion-relaxation response to static lumbar flexion in
males and females. Clinical Biomechanics 18(4) : 273-279,
2003



