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The purposes of this study were to establish the reliability for measuring scapular muscle thickness, and
to examine how scapular muscle thickness changes with respect to external loads. Participants were
asymptomatic subjects recruited from a sample of convenience. Thickness Measures were taken using
rehabilitative ultrasound imaging (RUSI) under 11 conditions, rest and 10 progressive loads, for the Lower
Trapezius (LT) and Serratus Anterior (SA). The procedures were repeated 1 week later to determine
reliability. Bland and Altman limits of agreement and Interclass correlation coefficients (ICC) were used

Is?a/ m;dS: to determine reliability. Separate repeated measure ANOVAs were performed to determine differences in
Shoulder muscle thickness for both muscles across 3 conditions; rest and the 2 loaded conditions that represented
Reliability the lowest and highest torque values. Results demonstrate good within and between day reliability for

the LT (ICC = .86 to .99) and SA (ICC = .88 to .99). For the LT and SA, there were significant differences
between the resting thickness and 2 lifting conditions (p < .01) but not between the two lifting con-
ditions. It was concluded that RUSI is reliable in measuring scapular muscle thickness. RUSI is sensitive
enough to detect absolute changes in thickness from resting to a contracted state but unable to detect
differences between loads imposed on the shoulder.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The importance of the peri-scapular stabilizers on both shoulder
pain and function has been established by electromyography (EMG)
and motion analysis studies (Fayad et al., 2008; Ludewig and
Reynolds, 2009; Hardwick and Lang, 2011). As a result, neuro-
muscular re-education and strengthening are recommended for
treating peri-scapular muscle impairments associated with shoul-
der pathologies (Forthomme et al., 2008; Lucado, 2011). In partic-
ular the lower trapezius (LT) and serratus anterior (SA) are often the
focus of therapeutic intervention for shoulder pathologies because
these muscles control scapular motion in all functional arm
movements (Phadke et al., 2009). Prior to initiating interventions,
an efficient and accurate assessment is important to identify spe-
cific impairments, the impairment magnitude, and establish a
baseline to document progression.

Clinical assessment of scapular strength is limited. The SA along
with other scapular muscles are difficult to isolate during manual
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muscle testing (Wadsworth et al, 1987; Hayes et al, 2002;
Michener et al., 2005). In the early phases of rehabilitation, a pa-
tient’s ability to tolerate manual resistance is often limited by pain
and post-operative precautions (Deones et al., 1994). In addition,
the accuracy of manual muscle testing is limited by tester strength
(Deones et al., 1994; Wang et al., 2002).

Rehabilitative ultrasound imaging (RUSI) is a clinical alternative
for assessing scapular musculature. RUSI has the ability to detect
changes in a specific muscle’s architecture without high forces
(Kiesel et al., 2007; Mannion et al., 2008; O’Sullivan et al., 2012). RUSI
is easy to interpret and noninvasive (Sipila and Suominen, 1996;
Miyatani et al., 2000). Because of its ease of set up and interpreta-
tion, RUSI may provide a more efficient clinical alternative to quan-
tifying muscle behavior over EMG. RUSI has also been shown to be a
reliable and valid objective measure of change in muscle dimensions
at rest and during low levels of contractility (Hodges et al., 2003;
Hides et al., 2006; Koppenhaver et al., 2009). More specifically,
RUSI measures of increased muscle thickness have been shown to be
associated with increased torque values, therefore muscle thickness
has been described as an indirect measure of isometric strength
(Bakke et al., 1992; Freilich et al., 1995; Chi-Fishman et al., 2004).

Measuring LT thickness in a resting prone position has been
established as a reliable technique (O’Sullivan et al., 2007;
O’Sullivan et al., 2009). However, the results of a recent study
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suggest that resting thickness or change in thickness, measured in
prone, may not be sensitive enough to differentiate between pa-
tients with shoulder impingement and controls. RUSI’s ability to
distinguish between those who are pathological and those who are
healthy is an important step toward clinical validation. To that end,
the authors suggested a measure in a more functional position may
yield differing results (O’Sullivan et al., 2012). Assessment of the SA
using RUSI has not been previously reported. Thickness of the lower
portion of the SA was chosen for evaluation secondary to it’s
anatomical accessibility (Cuadros et al., 1995) and lower SA activity
is thought to play more of a role in shoulder joint stability
compared to the upper fibers of the SA (Park and Yoo, 2011).
Before RUSI is used as a clinical assessment tool in the evaluation
of either the LT or SA, the responsiveness of RUSI to detect differences
in muscles thickness should be investigated. Furthermore, the reli-
ability for measuring thickness at rest and at different loads should be
established before RUSIs responsiveness to differences in muscle
thickness is determined. Therefore, the first purpose of this study was
to establish intra-rater reliability for measuring LT and the lower
portion of the SA muscle thickness in a functional position. The sec-
ond purpose was to determine if an increase in load on the shoulder
resulted in an increase in absolute thickness of these muscles.

2. Methods

2.1. Subjects

Seven females (26 4+ 4 years) and 7 males (27 + 4 years)
participated in the study. Average body mass index was 22 + 3 for

Fig. 1. Technique used for measuring shoulder maximum voluntary isometric
contraction.

females and 25 + 3.2 for males. Subjects were included if able to
flex the shoulder above 90° without pain while subjects were
excluded if they reported a history of injury or surgery to the upper
extremity or spine. The study received ethical clearance from the
institution’s review board and all subjects read and signed an
informed consent statement.

2.2. Subject preparation

Subjects sat on a backless-chair. Female subjects wore a halter
top and male subjects were asked to remove their shirts. To control
for variations in sitting posture during muscle thickness measure-
ments, each subject was instructed to sit upright (full trunk exten-
sion) and slump (full trunk flexion). Maximum extension and flexion
were repeated 2 more times, then the subject was asked to rest
midway between the 2 motions (Lynch et al., 2010). The subjects
were asked to place their forearm on an adjustable table while the
shoulder was positioned in 85° elevation and 45° shoulder hori-
zontal abduction from the frontal plane. Positions were confirmed
with a standard goniometer. Horizontal abduction was maintained
throughout testing by marking arm position on the support.

2.3. Muscular identification

A felt tip mark was placed at the level of the thoracic spine that
coincided with the inferior angle of the scapula for ultrasound

Fig. 2. A. Resting subject position and probe placement for the lower trapezius. B.
Subject position during an active lift and probe placement for measuring thickness of
the serratus anterior.
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transducer placement (O’Sullivan et al., 2007). Good agreement for
measuring resting muscle thickness at a similar location has been
found with magnetic resonance imaging (O’Sullivan et al., 2009).
For the SA, a mark was placed between the pectoralis major and the
latissimus dorsi on a rib angle (Basmajian and Blumenstein, 1989;
Cuadros et al., 1995). The rib chosen was located at the level of
the inferior tip of the scapula.

2.4. Procedures

Subjects were asked to elevate their arm approximately 5° from
their 85° resting position against a hand held dynamometer to
measure maximal volitional isometric contractions (MVIC) (Fig. 1).
This was repeated 3 times for 5 s with a 15 s recovery between each
attempt. The average of three attempts was used for each subject’s
final MVIC. MVIC was later used in the calculation of some of the
external loads given to subjects.

Ultrasonography (General Electric LOGIQ e 2008) was used by
the primary investigator to capture the linear depth of the LT and SA
at rest and during lifting. In B mode, a 40 mm 8-MHz linear
transducer was placed transversely on the mark previously made to
identify the LT and vertically along the SA marking. Because it was
observed that SA thickness increased with inspiration, the authors
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Fig. 3. A. Thickness measurement technique for the lower trapezius. The spinous
process (SP) is used as a reference for measurement of the lower trapezius (LT). The
horizontal perforated yellow line was drawn from the SP to a point 2 cm laterally. The
vertical perforated yellow line was drawn between the two fascial borders of the LT
2 cm from the SP and represents LT thickness. B. Thickness measurement technique for
the serratus anterior. The rib was used as a reference for measurement of the serratus
anterior (SA). Five vertical perforated yellow lines, spaced out to encompass the width
of the rib, were drawn from the rib to the superior fascial border of the SA. The average
of the five measurements was used to represent SA thickness.

captured all images for the SA at the end of expiration. An on-screen
caliper was used to obtain the absolute thickness of the LT and SA.

Next, subjects were asked to lift a series of 10 external loads
with their dominate arm in random order pre-determined using
the random number generator in Excel (Microsoft, Redwood, WA).
An ultrasound image was captured when the subject lifted the arm
off the support with no external load. Additionally, ultrasound
images were captured while the subjects lifted a series of external
loads (1 1b, 2 1bs, 3 Ibs, 4 Ibs, 25% of MVIC, 33% of MVIC, 50% of MVIC,
66% of MVIC, and 75% of MVIC). Arm elevation was performed in
the same position as previously described for MVIC testing (Fig. 2A
and B). This position is known to produce high SA activity and
moderate LT activity (Escamilla et al., 2009). Each load was held for
2 s, and each lift was repeated to establish within day reliability.
The subject rested for 30—60 s between loads. A separate investi-
gator watched arm position and exchanged weights so that mini-
mal transducer motion occurred. This entire series of lifting was
repeated in order to obtain images from both muscles. The same
methods were repeated 1 week later to establish between-day
reliability.

2.5. Data organization

Linear measurements of the LT thickness were made 2 cm from
the spinous process (O’Sullivan et al., 2007) (Fig. 3A). Linear mea-
surements of the SA were made from the border of the rib up to the
inside edge of the muscle border. The average of 5 thickness mea-
sures, spanning the width of the rib, was used for analysis (Fig. 3B).

We calculated torque values for each lift with the following
equation:

e Arm mass (N) = ((body weight in 1bs)*.051)*4.48

e Arm Torque (Nm) = Arm mass (N)*(length of arm in m)

e External mass (N) = (weight external load in 1bs)*4.48

o External Torque (Nm) = external mass (N)*(length of arm in m)
o Total Torque (Nm) = Arm Torque (Nm) + External Torque (Nm)

Next, we ran a repeated measures analysis of variance (ANOVA)
to determine if torque values were significantly different between
the 11 conditions. The analysis revealed significant differences in
torque between all conditions (p < .001). To reduce the number of
comparisons for the data analysis of muscle thickness, the in-
vestigators chose three of these conditions to analyze: rest, arm lift
with no external load, and 75% MVIC. Rest was chosen in the
analysis as a baseline, while arm lifting with no external load and

Table 1
Lower trapezius thickness within and between day reliability.
Condition Mean thickness (cm) ICC (95% Cl) SEM (cm) MDC (cm)
Measure 1 Measure 2
Rest
W/D 41 (.12) 41 (.12) .95(.85,.98) .03 .04
B/D 41 (.08) 41 (.11) .86 (.55,.96) .04 .06
Arm lift
W/D .51 (.19) .52 (.20) .99 (.98,1.0) .02 .03
B/D .55 (.20) .52 (.20) 97 (.90,.99) .03 .05
75% MVIC
W/D 57 (.21) .59 (.22) 97 (.91,.99) .04 .05
B/D .58 (.21) .58 (.19) 93 (.79,.98) .05 .07

W/D = within day; B/D = between day; CI = confidence interval; MVIC = maximum
voluntary isometric contraction; SEM = standard error of the measure;
MDC = minimal detectable change. Conditions refer to the subject at rest, subject
lifting the arm at 90° scaption, and subject lifting a weight equivalent to 75% MVIC.
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Table 2
Serratus anterior thickness within and between day reliability.
Condition  Mean thickness (cm) ICC(95% CI) SEM (cm) MDC (cm)
Measure 1 Measure 2
Rest
W/D 61(21) 62 (.21) 99(97,1.0) .02 .03
B/D 61(22) 61(21) 89 (.66,.97) .07 .10
Arm lift
W/D 76 (.21) .78 (.24) 98 (.95,.99) .03 .05
B/D 73(23) 77 (22) 86 (.57,.95) .09 12
75% MVIC
W/D 76 (.26) 77 (25) 94(.81,.98) .06 09
B/D 79 (24) .76 (.25) 91(.72,.97) .07 .10

W/D = within day; B/D = between day; CI = confidence interval; MVIC = maximum
voluntary isometric contraction; SEM = standard error of the measure;
MDC = minimal detectable change. Conditions refer to the subject at rest, subject
lifting the arm at 90° scaption, and subject lifting a weight equivalent to 75% MVIC.

75% MVIC represented our highest and lowest torque values
respectively.

2.6. Data analysis

Muscle thicknesses of resting, arm lift with no external load, and
75% MVIC from the second day of testing were used for the within
day reliability analysis. The average absolute muscle thicknesses of
rest, arm lift with no external load, and 75% MVIC were used for the
between-day reliability analysis. Interclass correlation coefficients
(ICCs) and their 95% confidence intervals were used to determine
the level of agreement both within and between day for absolute
thickness calculations. The standard error of the measure (SEM)
and minimal detectable change (MDC) scores were calculated for
each lifting condition and each muscle. Bland and Altman plots
were constructed to determine levels of agreement at rest.

Separate repeated measure ANOVAs for each muscle compared
the average absolute muscle thickness for three selected conditions
for testing on day 2. Finally, post hoc Bonferroni analyses were run
to determine individual differences in average absolute muscle
thickness. Statistical Analysis was performed using SPSS version 20
for windows (SPSS Inc. Chicago, IL).

Bland and Altman Plot for Between Day
Thickness of the Lower Trapezius at Rest
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Fig. 4. Bland and Altman plot showing between-day reliability for scans of lower
trapezius. The difference in muscle thickness between trial 1 and trial 2 is plotted
against mean muscle thickness for each subject. The middle line shows the mean
difference. The 95% upper and lower limits of agreement represent 2 standard de-
viations above and below the mean difference. Values for difference plotted on the x-
axis are in centimeters.

Bland and Altman Plot for Between Day
Thickness of the Serratus Anterior at Rest
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Fig. 5. Bland and Altman plot showing between-day reliability for scans of serratus
anterior. The difference in muscle thickness between trial 1 and trial 2 is plotted
against mean muscle thickness for each subject. The middle line shows the mean
difference. The 95% upper and lower limits of agreement represent 2 standard de-
viations above and below the mean difference. Values for difference plotted on the x-
axis are in centimeters.

3. Results

LT and SA within and between day ICCs, SEM, and MDC for the 3
lifting conditions are presented in Tables 1 and 2, respectively. The
intra-session reliability (ICC > .94) was excellent and the inter-
session reliability (ICC > .86) was good for both muscles at rest,
arm elevation with no load, and arm elevation holding a load of 75%
MVIC. Bland and Altman plot for the LT revealed a mean difference
of .006 cm with no outliers. The standard deviation of the difference
was .07 cm, therefore the 95% limits of agreement were —.134 cm to
146 cm (Fig. 4). Bland and Altman plot for the SA revealed a mean
difference was <.000 cm and there were no outliers. The standard
deviation of the difference was .138 cm, therefore the 95% limits of
agreement were —.28 cm to .28 cm (Fig. 5).

Significant differences in average absolute thickness values were
found for both the LT (p < .001) and SA (p < .001). The Bonferroni
post hoc analysis demonstrated that there were significant differ-
ences between the resting and the 2 lifting conditions (p < .01) but
not between the two lifting conditions for both the LT (Table 3) and
SA (Table 4).

4. Discussion

This was the first study to measure absolute SA thickness and
demonstrated good within and between-day reliability. The func-
tional sitting position demonstrated good within and between-day
reliability of the LT and was comparable to previous research
(O’Sullivan et al., 2007). Additionally, we determined that external
loads placed on the shoulder resulted in increased absolute thick-
ness of the SA and LT as measured by RUSI.

Table 3
Post hoc testing for the lower trapezius thickness.

Comparison Mean Standard  Significance 95% CI mean

difference (cm) error (cm) (p) difference (cm)
Rest — arm lift -.14 .04 .01 —.24, -.03
Rest — 75% MVIC -.18 .04 .00 -.30, —.07
Arm lift —75% MVIC —.05 .02 .16 -.11, .01

Cl = confidence interval; MVIC = maximum voluntary isometric contraction. p
Values have been adjusted for multiple comparisons (Bonferroni). Conditions refer
to the subject at rest, subject lifting the arm at 90° scaption, and subject lifting a
weight equivalent to 75% MVIC.
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Table 4
Post hoc testing for the serratus anterior thickness.

Comparison Mean Standard  Significance 95% CI mean
difference (cm) error (cm) (p) difference (cm)

Rest — arm lift -.12 .03 .01 -.21, -.03
Rest — 75% MVIC -17 .04 .00 —.28, —.07
Arm lift — 75% MVIC —.06 .04 .64 -.18, .06

Cl = confidence interval; MVIC = maximum voluntary isometric contraction. p
Values have been adjusted for multiple comparisons (Bonferroni). Conditions refer
to the subject at rest, subject lifting the arm at 90° scaption, and subject lifting a
weight equivalent to 75% MVIC.

Although there was generally good agreement, some of the
between-day ICCs had wide 95% confidence intervals (CIs), and
thus reveal some sources of measurement error for both muscles.
Because taking multiple measures on each image may slow down
the clinical use of this tool, the researchers chose to measure each
image once. However, it has been reported that reliability of
measuring muscle thickness between days is improved by taking
the average of 4 measures, 2 images each with two measurements
(Koppenhaver et al., 2009). Therefore, taking two on-screen mea-
sures of the LT and SA thickness may narrow the CIs between days.

Our second hypothesis was that LT and SA average absolute
muscle thickness would change significantly with external loads
placed on the shoulder. We found RUSI was able to detect absolute
changes in thickness from resting to a contracted state while
exceeding MDC values. However, RUSI was unable to detect dif-
ferences between a low and high load placed on the shoulder. One
explanation for our findings could be that RUSI may not be sensitive
enough to detect changes in muscle dimensions for higher levels of
contractility during an isometric contraction (Hodges et al., 2003).
Conversely, the inability of the LT and SA to respond to differences
in load may be an indication that these muscles function at the
same level of contractility, independent of the demand placed on
the shoulder, in healthy individuals (Wattanaprakornkul et al.,
2011). Overall, our results imply that RUSI may be useful in dis-
tinguishing inhibition from activation but unable to detect different
levels of contractility for the LT and SA.

Our findings are consistent with another imaging study
reporting minimal and non-significant increases in muscle thick-
ness with increasing torque on the rectus femoris (Delaney et al.,
2010). In contrast, other studies report high correlations between
measures of muscle thickness and torque (Chi-Fishman et al., 2004;
Moreau et al., 2010). These inconsistent findings may reflect the fact
that other factors may be influencing muscle thickness including
muscle compliance, muscle structure, or contraction of adjacent
muscles (Whittaker and Stokes, 2011).

There are limitations that should be considered when interpreting
the results. A change in muscle thickness may be a more represen-
tative way of comparing the differences in loads (Whittaker et al.,
2007). It is often recommended that researchers use normalized
values because muscle thickness is known to be influenced by gender
and body mass index (Rankin et al., 2005; Springer et al., 2006). Ab-
solute values were used in this study because resting images were not
taken prior to each loaded condition. Using the same resting value for
all loaded conditions may result in an erroneous change in thickness
calculation because it is possible that resting thickness changes dur-
ing a series of lifts. In addition to change in muscle thickness, the
results of this study are not necessarily applicable to the entire SA as
we measured muscle thickness of the lower fibers only.

5. Conclusion

Absolute LT and SA muscle thickness can be reliably measured
within and between days using ultrasound imaging in a functional

position. The differences in absolute muscle thickness for both the
LT and SA were significant when comparing rest to contraction.
However, there was no difference in thickness between lifting a low
load and high load. Future research is needed to investigate dif-
ferences in muscle thickness in pathological populations.

References

Bakke M, Tuxen A, Vilmann P, Jensen BR, Vilmann A, Toft M. Ultrasound image of
human masseter muscle related to bite force, electromyography, facial
morphology, and occlusal factors. Scand J Dent Res 1992 Jun;100(3):164—71.

Basmajian JV, Blumenstein R. Biofeedback principles and practice for clinicians.
Baltimore: Williams and Wilkins; 1989.

Chi-Fishman G, Hicks JE, Cintas HM, Sonies BC, Gerber LH. Ultrasound imaging
distinguishes between normal and weak muscle. Arch Phys Med Rehabil 2004
Jun;85(6):980—6.

Cuadros CL, Driscoll CL, Rothkopf DM. The anatomy of the lower serratus anterior
muscle: a fresh cadaver study. Plast Reconstr Surg 1995 Jan;95(1):93—7 dis-
cussion 8-9.

Delaney S, Worsley P, Warner M, Taylor M, Stokes M. Assessing contractile ability of
the quadriceps muscle using ultrasound imaging. Muscle Nerve 2010 Oct;42(4):
530-8.

Deones VL, Wiley SC, Worrell T. Assessment of quadriceps muscle performance by a
hand-held dynamometer and an isokinetic dynamometer. ] Orthop Sports Phys
Ther 1994 Dec;20(6):296—301.

Escamilla RF, Yamashiro K, Paulos L, Andrews JR. Shoulder muscle activity and
function in common shoulder rehabilitation exercises. Sports Med 2009;39(8):
663—85.

Fayad F, Roby-Brami A, Gautheron V, Lefevre-Colau MM, Hanneton S, Fermanian J,
et al. Relationship of glenohumeral elevation and 3-dimensional scapular ki-
nematics with disability in patients with shoulder disorders. J Rehabil Med
2008 Jun;40(6):456—60.

Forthomme B, Crielaard JM, Croisier JL. Scapular positioning in athlete’s shoulder:
particularities, clinical measurements and implications. Sports Med
2008;38(5):369—86.

Freilich RJ, Kirsner RL, Byrne E. Isometric strength and thickness relationships in
human quadriceps muscle. Neuromuscul Disord 1995 Sep;5(5):415—22.

Hardwick D, Lang C. Scapula and humeral movement patterns and their relationship
with pain: a preliminary investigation. Int ] Ther Rehabil 2011;18(4):210—20.

Hayes K, Walton JR, Szomor ZL, Murrell GA. Reliability of 3 methods for assessing
shoulder strength. ] Shoulder Elbow Surg 2002 Jan—Feb;11(1):33—-9.

Hides ], Wilson S, Stanton W, McMahon S, Keto H, McMahon K. An MRI investi-
gation into the function of the transverses abdominis muscle during “drawing-
in” of the abdominal wall. Spine 2006;31:E175—8.

Hodges PW, Pengel LH, Herbert RD, Gandevia SC. Measurement of muscle
contraction with ultrasound imaging. Muscle Nerve 2003 Jun;27(6):682—92.

Kiesel KB, Uhl TL, Underwood FB, Rodd DW, Nitz AJ. Measurement of lumbar
multifidus muscle contraction with rehabilitative ultrasound imaging. Man
Ther 2007 May;12(2):161-6.

Koppenhaver SL, Parent EC, Teyhen DS, Hebert JJ, Fritz JM. The effect of averaging
multiple trials on measurement error during ultrasound imaging of transversus
abdominis and lumbar multifidus muscles in individuals with low back pain.
] Orthop Sports Phys Ther 2009 Aug;39(8):604—11.

Lucado AM. Scapular muscle imbalance: implications for shoulder pain and pa-
thology. Phys Ther Rev 2011;16(5):356—64.

Ludewig PM, Reynolds JF. The association of scapular kinematics and glenohumeral
joint pathologies. ] Orthop Sports Phys Ther 2009 Feb;39(2):90—104.

Lynch SS, Thigpen CA, Mihalik JP, Prentice WE, Padua D. The effects of an exercise
intervention on forward head and rounded shoulder postures in elite swim-
mers. Br ] Sports Med 2010 Apr;44(5):376—81.

Mannion AF, Pulkovski N, Gubler D, Gorelick M, O'Riordan D, Loupas T, et al. Muscle
thickness changes during abdominal hollowing: an assessment of between-day
measurement error in controls and patients with chronic low back pain. Eur
Spine ] 2008 Apr;17(4):494—501.

Michener LA, Boardman ND, Pidcoe PE, Frith AM. Scapular muscle tests in subjects
with shoulder pain and functional loss: reliability and construct validity. Phys
Ther 2005 Nov;85(11):1128—38.

Miyatani M, Kanehisa H, Fukunaga T. Validity of bioelectrical impedance and ul-
trasonographic methods for estimating the muscle volume of the upper arm.
Eur J Appl Physiol 2000 Aug;82(5—6):391—6.

Moreau NG, Simpson KN, Teefey SA, Damiano DL. Muscle architecture predicts
maximum strength and is related to activity levels in cerebral palsy. Phys Ther
2010 Nov;90(11):1619-30.

O’Sullivan C, Bentman S, Bennett K, Stokes M. Rehabilitative ultrasound imaging of
the lower trapezius muscle: technical description and reliability. J Orthop
Sports Phys Ther 2007 Oct;37(10):620—6.

O'Sullivan C, Meaney ], Boyle G, Gormley ], Stokes M. The validity of rehabilitative
ultrasound imaging for measurement of trapezius muscle thickness. Man Ther
2009 Oct;14(5):572—8.

O’Sullivan C, McCarthy Persson U, Blake C, Stokes M. Rehabilitative ultrasound
measurement of trapezius muscle contractile states in people with mild
shoulder pain. Man Ther 2012 Apr;17(2):139—44.


http://refhub.elsevier.com/S1356-689X(13)00121-5/sref1
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref1
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref1
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref1
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref2
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref2
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref3
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref3
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref3
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref3
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref4
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref4
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref4
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref4
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref4
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref5
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref5
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref5
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref5
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref6
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref6
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref6
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref6
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref7
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref7
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref7
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref7
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref8
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref8
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref8
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref8
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref8
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref9
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref9
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref9
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref9
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref10
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref10
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref10
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref11
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref11
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref11
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref12
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref12
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref12
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref12
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref13
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref13
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref13
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref13
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref14
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref14
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref14
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref15
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref15
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref15
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref15
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref16
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref16
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref16
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref16
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref16
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref17
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref17
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref17
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref18
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref18
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref18
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref19
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref19
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref19
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref19
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref20
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref20
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref20
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref20
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref20
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref21
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref21
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref21
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref21
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref22
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref22
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref22
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref22
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref22
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref23
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref23
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref23
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref23
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref24
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref24
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref24
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref24
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref25
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref25
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref25
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref25
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref26
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref26
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref26
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref26

JM. Day, T. Uhl / Manual Therapy 18 (2013) 588—593 593

Park SY, Yoo WG. Differential activation of parts of the serratus anterior muscle
during push-up variations on stable and unstable bases of support.
] Electromyogr Kinesiol 2011 Oct;21(5):861—7.

Phadke V, Camargo P, Ludewig P. Scapular and rotator cuff muscle activity during
arm elevation: a review of normal function and alterations with shoulder
impingement. Rev Bras Fisioter 2009 Feb 1;13(1):1-9.

Rankin G, Stokes M, Newham DJ. Size and shape of the posterior neck muscles
measured by ultrasound imaging: normal values in males and females of
different ages. Man Ther 2005 May;10(2):108—15.

Sipila S, Suominen H. Quantitative ultrasonography of muscle: detection of adaptations
to training in elderly women. Arch Phys Med Rehabil 1996 Nov;77(11):1173—8.

Springer BA, Mielcarek BJ, Nesfield TK, Teyhen DS. Relationships among lateral
abdominal muscles, gender, body mass index, and hand dominance. ] Orthop
Sport Phys 2006 May;36(5):289—97.

Wadsworth CT, Krishnan R, Sear M, Harrold ], Nielsen DH. Intrarater reliability of
manual muscle testing and hand-held dynametric muscle testing. Phys Ther
1987 Sep;67(9):1342—-7.

Wang CY, Olson SL, Protas EJ. Test—retest strength reliability: hand-held dyna-
mometry in community-dwelling elderly fallers. Arch Phys Med Rehabil 2002
Jun;83(6):811-5.

Wattanaprakornkul D, Halaki M, Boettcher C, Cathers I, Ginn KA. A comprehensive
analysis of muscle recruitment patterns during shoulder flexion: an electro-
myographic study. Clin Anat 2011 Jul;24(5):619—26.

Whittaker JL, Teyhen DS, Elliott JM, Cook K, Langevin HM, Dahl HH, et al. Reha-
bilitative ultrasound imaging: understanding the technology and its applica-
tions. ] Orthop Sports Phys Ther 2007 Aug;37(8):434—49.

Whittaker JL, Stokes M. Ultrasound imaging and muscle function. ] Orthop Sports
Phys Ther 2011 Aug;41(8):572—80.


http://refhub.elsevier.com/S1356-689X(13)00121-5/sref27
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref27
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref27
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref27
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref28
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref28
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref28
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref28
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref29
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref29
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref29
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref29
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref30
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref30
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref30
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref31
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref31
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref31
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref31
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref32
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref32
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref32
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref32
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref33
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref33
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref33
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref33
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref33
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref34
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref34
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref34
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref34
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref35
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref35
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref35
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref35
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref36
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref36
http://refhub.elsevier.com/S1356-689X(13)00121-5/sref36

	Thickness of the lower trapezius and serratus anterior using ultrasound imaging during a repeated arm lifting task
	1 Introduction
	2 Methods
	2.1 Subjects
	2.2 Subject preparation
	2.3 Muscular identification
	2.4 Procedures
	2.5 Data organization
	2.6 Data analysis

	3 Results
	4 Discussion
	5 Conclusion
	References


