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Abstract.

[Purpose] The purpose of this study was to investigate the intra-rater reliability of measures of scapular

protraction strength using a novel method. [Subjects] Forty-nine healthy subjects participated in this study. [Meth-
ods] Subjects performed maximal isometric scapular protraction on the left and right sides in the supine and seated
positions. During scapular protraction, resistance was applied to the olecranon, and the strength of scapular protrac-
tion was measured using a load cell. Intra-rater reliability was calculated as the intra-class correlation coefficient
(ICCj5)). [Results] High intra-rater reliability scores (0.97-0.98) for scapular protraction strength were observed in
the supine and seated positions. [Conclusion] These findings demonstrate that the method described herein may pro-
vide a more reliable and convenient method to measure scapular protraction strength than common current practice
does.
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INTRODUCTION

The serratus anterior (SA) has an important role in nor-
mal scapulohumeral rhythm during arm elevation'™. In
particular, the SA acts as the prime motive force of upward
scapular rotation and protraction’ ? and also contributes to
the stability of the scapula by maintaining the medial border
of the scapula against the rib cage® ?. It has been reported
that weakness of the SA leads to abnormal kinematics of
the scapula and scapular muscle imbalance, which is as-
sociated with musculoskeletal problems such as neck and
shoulder pain, scapular winging, and impingement*"). In a
clinical setting, therefore, it is important to evaluate muscle
strength of the SA for diagnosis and treatment planning®.

The manual muscle test (MMT) is frequently used to
evaluate muscle strength of the SA”®). Kendall et al.”) sug-
gested that scapular protraction against manual resistance
from an examiner at 90° of shoulder flexion is appropriate
as an MMT for SA. However, it is difficult to detect subtle
differences in muscle strength because such MMTs gener-
ally classify muscle strength into only six grades, which are
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based on the subjective evaluation of the examiner® '9. Fur-
thermore, previous findings showed only poor to fair intra-
rater reliability (0.38—0.72) when using an MMT for shoul-
der muscles'). Thus, other more quantitative and reliable
methods for measuring the strength of scapular protraction
are needed.

Isokinetic dynamometers'? and handheld dynamom-
eters” have been suggested as means to quantitatively as-
sess muscle strength. However, although isokinetic dyna-
mometers are useful in this respect, they are not favorable
in the clinical setting due to high equipment costs and time
requirements!?. Handheld dynamometers are advantageous
in terms of providing quantitative data and being relatively
inexpensive; however, the reported intra-rater reliability
of the measurement of scapular protraction strength using
these devices varies from poor (0.26)'? to high (0.94)?. Wil-
liams et al.'¥ suggested that the reliability of the handheld
dynamometer may be influenced by the strength of the ex-
aminers.

Considering the disadvantages of previously used meth-
ods and equipment for evaluating SA strength, especially
the strength of scapular protraction, a new method is re-
quired that provides its own resistance and thus limits the
need for subjective assessment. The aim of the present
study was to assess the intra-rater reliability of measures of
scapular protraction in supine and seated postures using a
novel method and apparatus.


http://creativecommons.org/licenses/by-nc-nd/3.0/

1154 J. Phys. Ther. Sci. Vol. 26, No. 8, 2014

SUBJECTS AND METHODS

In total, 49 healthy subjects (29 men and 20 women)
without neck or shoulder pain in the previous 3 months par-
ticipated in this study. The exclusion criteria were a history
of surgery of the neck or shoulder, impingement, and other
shoulder injuries. The mean age of the subjects was 20.63 +
1.84 years, the mean height was 169.61 + 8.05 cm, and the
mean body weight was 61.52 + 11.47 kg. Prior to participa-
tion, informed consent was obtained by requiring all sub-
jects to read and sign a consent form approved by the Inje
University Ethics Committee for Human Investigations.

To measure the strength of scapular protraction, a new
force-measurement device was used, which consisted of a
700 x 300 x 18-mm wooden plate for supporting the thorax,
a load cell (RSBA-50L, Radian, Seoul, South Korea) that
measured the strength of scapular protraction, a nonelastic
resistance belt that provided resistance, and a digital indi-
cator (RI-10W, Radian, Seoul, South Korea) that indicated
the real-time strength of scapular protraction. The wooden
plate and resistance belt were connected by a load cell that
measured tension caused by scapular protraction. The ana-
log signal produced by the load cell was converted into a
digital signal, which could be displayed on the digital indi-
cator in either newtons or kilograms of force. In this study,
the selected unit of force for scapular was kilograms. The
range of this force measurement device was 0—45 kg, with
a resolution of 0.001 kg and precision of £ 0.003 kg. The
frequency of measurement was 100 Hz.

The strength of left and right scapular protraction was
measured in the supine and seated positions in randomized
order. In the supine position, subjects were asked to lie on
the wooden plate, with the axis of the shoulder joint parallel
to the load cell. The shoulder and elbow were placed at 90°
of flexion?, the resistance belt was attached at the proximal
ulna and radius, and the length of the resistance belt was ad-
justed so that it fit along the humerus. Subjects were asked
to push on the resistance belt as hard as possible to perform
maximal scapular protraction and then maintain maximal
scapular protraction for 5 s (Fig. 1). In the seated position,
the wooden plate was hung from a wall, and subjects sat
on a chair at 90° of hip and knee flexion with the axis of
the shoulder joint parallel to the load cell. The thorax was
held against the wooden plate, and the shoulder and elbow
were held at 90° of flexion. The fitted resistance belt was
placed on the olecranon, as in the prone position. Subjects
were instructed to perform maximal isometric scapular pro-
traction. They repeated maximal scapular protraction three
times, with a rest period of 1 min between trials under each
condition.

Descriptive statistics were used to calculate the mean
strength of left and right scapular protraction in the prone
and seated positions. The intra-class correlation coeffi-
cient (ICC; ;) was used to determine intra-rater reliability
of scapular protraction in the seated and supine positions.
Although ICC values >0.75 are generally considered to in-
dicate good reliability'?), we used more precise criteria, as
follows: poor reliability, <0.69; fair reliability, 0.70—0.79;
good reliability, 0.80—0.89; and high reliability, >0.90'%,

Load cell
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1

Fig. 1. Measure of the scapular protrac-
tion strength using a new force
measurement device

Table 1. The intra-class correlation coefficients and 95% con-
fidence intervals for measures of scapular protraction

strength
Sid Supine position Seated position
ide
ICC 95% CI ICC 95% CI
Left 0.97 0.96-0.98 0.98 0.97-0.99
Right 0.97 0.96-0.98 0.97 0.95-0.98

ICC, intra-class correlation coefficient; CI, confidence interval

The data were analyzed using SPPS ver. 20.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

The mean (+ standard deviation, SD) strengths of scapu-
lar protraction on the left and right sides in the supine posi-
tion were 12.21 £ 6.28 kg and 12.80 £ 6.59 kg, respectively.
In the seated position, these values were 14.87 + 6.80 kg and
15.84 + 7.93 kg on the left and right sides, respectively. The
ICC;, and 95% confidence interval for these measures of
strength of scapular protraction are shown in Table 1. High
intra-rater reliability was observed in the supine position
(0.97) and in the seated position (0.97—0.98).

DISCUSSION

This study examined the intra-rater reliability of mea-
sures of scapular protraction strength using a new method
that eliminates the need for subjective assessment of force.
This method showed high intra-rater reliability (0.97-0.98)
in both the seated and supine positions when assessing the
strength of scapular protraction.

In previous work, the reliability of measures of strength
of scapular protraction using a handheld dynamometer was
good to high (0.83—0.94)% 19, However, these findings were
not consistent with the results reported by Donatelli et al.!?,
who found poor intra-rater reliability (0.26) for measures
of scapular protraction strength. This inconsistency in
previous findings may be due to differences between the
maximal strength of the subject and the resistance applied
by the examiner when using a handheld dynamometer. In
MMT methods, muscle strength is generally measured by
maximal isometric contraction of the target muscle against
resistance from the examiner. As a result, inaccurate data



may result if the subject can apply greater force than the
resistance provided by the examiner. Therefore, the poor
intra-rater reliability for measures of scapular protrac-
tion strength observed in the previous study by Donatelli
et al.'», who examined professional baseball pitchers, may
be attributable to insufficient resistance from the examiner.
In line with this, components such as resistance belts that
provide constant resistance are required as part of a quanti-
tative force-measurement device to obtain accurate and re-
liable measures of muscle strength. In our study, we attrib-
uted the high reliability scores obtained in both the supine
and seated positions (0.97-0.98) to the use of a resistance
belt rather than a human examiner.

Although Wang et al.'® used a customized apparatus that
included an adjustable chain for providing resistance, the
intra-rater reliabilities of measures of scapular protraction
strength (0.83—0.89) were lower than those reported here
(0.97-0.98). This is likely because the subjects in that study
performed scapular protraction with the elbow extended,
and resistance was applied to the hand. In contrast, our
subjects performed scapular protraction with 90° of elbow
flexion, and resistance was applied at the olecranon. The
elbow-flexed position decreases the number of joints across
which the scapular protraction force is applied”, which may
help to more accurately measure strength of scapular pro-
traction. Therefore, modifying the position in which scapu-
lar protraction strength is measured may also contribute to
the improved intra-rater reliability observed in the present
study compared with previous findings.

Regarding the potential limitations of this study, the
intra-rater reliability of measures of scapular protraction
strength was only assessed in healthy individuals. Future
studies should examine inter-rater reliability of measures of
scapular protraction strength using our method. Moreover,
additional studies are required to determine whether there
are differences in scapular protraction strength, as mea-
sured by this method, in individuals with and without neck
or shoulder pain or scapular winging.

In conclusion, our findings provide clinicians with a reli-
able and convenient method for more accurately assessing
and comparing scapular protraction strength. Moreover, as-
sessing scapular protraction strength using this method may
be useful for determining prognosis as well as in treatment
planning.

1155
ACKNOWLEDGEMENT

This work was supported by a Korea Foundation for the
Advancement of Science & Creativity grant funded by the
South Korean government.

REFERENCES

1) Ebaugh DD, McClure PW, Karduna AR: Three-dimensional scapulotho-
racic motion during active and passive arm elevation. Clin Biomech (Bris-
tol, Avon), 2005, 20: 700-709. [Medline] [CrossRef]

2) Neumann DA: Kinesiology of the Musculoskeletal System: Foundations
for rehabilitation, 2nd ed. St Louis: Mosby, 2010.

3) Ekstrom RA, Bifulco KM, Lopau CJ, et al.: Comparing the function of the
upper and lower parts of the serratus anterior muscle using surface elec-
tromyography. J Orthop Sports Phys Ther, 2004, 34: 235-243. [Medline]
[CrossRef]

4) Ludewig PM, Cook TM: Alterations in shoulder kinematics and associated
muscle activity in people with symptoms of shoulder impingement. Phys
Ther, 2000, 80: 276-291. [Medline]

5) Cools AM, Dewitte V, Lanszweert F, et al.: Rehabilitation of scapular
muscle balance: which exercises to prescribe? Am J Sports Med, 2007, 35:
1744—-1751. [Medline] [CrossRef]

6) LinlJJ, Lim HK, Soto-quijano DA, et al.: Altered patterns of muscle activa-
tion during performance of four functional tasks in patients with shoulder
disorders: interpretation from voluntary response index. J Electromyogr
Kinesiol, 2006, 16: 458—468. [Medline] [CrossRef]

7) Kendall FP, McCreary EK, Provance PG, et al.: Muscles: Testing and func-
tion with posture and pain, 5th ed. Baltimore: Williams & Wilkins, 2005.

8) Hislop HJ, Montgomery J: Daniels and Worthingham’s Muscle Testing:
Techniques of manual examination, 8th ed. Philadelphia: WB Saunders,
2007.

9) Michener LA, Boardman ND, Pidcoe PE, et al.: Scapular muscle tests in
subjects with shoulder pain and functional loss: reliability and construct
validity. Phys Ther, 2005, 85: 1128-1138. [Medline]

10) Wang SS, Normile SO, Lawshe BT: Reliability and smallest detectable
change determination for serratus anterior muscle strength and endurance
tests. Physiother Theory Pract, 2006, 22: 33—42. [Medline] [CrossRef]

11) Hayes K, Walton JR, Szomor ZL, et al.: Reliability of 3 methods for assess-
ing shoulder strength. J Shoulder Elbow Surg, 2002, 11: 33-39. [Medline]
[CrossRef]

12) Cools AM, Witvrouw EE, Danneels LA, et al.: Test-retest reproducibility
of concentric strength values for shoulder girdle protraction and retraction
using the Biodex isokinetic dynamometer. Isokinet Exerc Sci, 2002, 10:
129-136.

13) Donatelli R, Ellenbecker TS, Ekedahl SR, et al.: Assessment of shoulder
strength in professional baseball pitchers. J Orthop Sports Phys Ther,
2000, 30: 544-551. [Medline] [CrossRef]

14) Williams DA, Roush JR, Davies GJ, et al.: Alternative methods for mea-
suring scapular muscles protraction and retraction maximal isometric
forces. N Am J Sports Phys Ther, 2009, 4: 200-209. [Medline]

15) Mannion AF, Knecht K, Balaban G, et al.: A new skin-surface device for
measuring the curvature and global and segmental ranges of motion of
the spine: reliability of measurements and comparison with data reviewed
from the literature. Eur Spine J, 2004, 13: 122-136. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/15935534?dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2005.03.008
http://www.ncbi.nlm.nih.gov/pubmed/15189015?dopt=Abstract
http://dx.doi.org/10.2519/jospt.2004.34.5.235
http://www.ncbi.nlm.nih.gov/pubmed/10696154?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17606671?dopt=Abstract
http://dx.doi.org/10.1177/0363546507303560
http://www.ncbi.nlm.nih.gov/pubmed/16324850?dopt=Abstract
http://dx.doi.org/10.1016/j.jelekin.2005.09.008
http://www.ncbi.nlm.nih.gov/pubmed/16253043?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16573244?dopt=Abstract
http://dx.doi.org/10.1080/09593980500422461
http://www.ncbi.nlm.nih.gov/pubmed/11845146?dopt=Abstract
http://dx.doi.org/10.1067/mse.2002.119852
http://www.ncbi.nlm.nih.gov/pubmed/10994864?dopt=Abstract
http://dx.doi.org/10.2519/jospt.2000.30.9.544
http://www.ncbi.nlm.nih.gov/pubmed/21509104?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14661104?dopt=Abstract
http://dx.doi.org/10.1007/s00586-003-0618-8

