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AGRIP

Talid er ao roskun & stddugleikakerfi herdablads geti framkallad og vidhaldid
vanstarfsemi i hals- og brjosthrygg med pvi ad valda prystings-, sninings- og
skridalagi a lioum og lidumbdnadi. bar sem pessar truflanir eru taldar tengjast
halsverkjum og endurteknum halsverkjakdstum, felur medferd vegna hélsverkja
hja sjukrapjalfara i sér mat & stédu herdablads og starfsemi stodugleikavddva
herdabladsins med leidréttingum pegar vid 4. Stédugleikakerfi herdabladsins
hefur ekki verid rannsakad hja sjuklingum med halsverki og pess vegna byggjast
medferdararraedi fyrir pessa sjuklinga a nidurstddum rannsokna a sjuklingum
med axlarverki. Meginmarkmid doktorsverkefnisins var ad rannsaka
stodugleikakerfi herdabladsins hja sjuklingum med héalsverki og meta hvort ad
sjuklingar med halsverki af 6pekktum uppruna og sjuklingar med halsverki eftir
halshnykk hafi mismunandi truflanir. Stodugleikakerfi herdablads var rannsakad
med pvi ad athuga hvort til stadar veeri annars vegar truflad mynstur & stéou
herdablads pegar handleggur er nidur med hlid og hinsvegar hreyfimynstri pegar
handlegg er lyft. Kveikjumynstur stédugleikavédva herdabladsins; sjalvédva og
sidusagtennings, var einnig athugad pegar handlegg var lyft. Aukamarkmid
rannsoknarinnar var mat 4 stéou hdls- og brjosthryggs hja pessum sama hép
sjuklinga. Tilgatan var st ad sjuklingar med héalsverki hafi truflada stéou &
herdablagi, hals- og brjésthrygg asamt truflun & kveikjumynstri stéoug-
leikavodva herdablads. Sjuklingar med halsverki af opekktum uppruna hafi
006ruvisi truflanir en sjaklingar med halsverki eftir halshnykk.

Stada herdablads, héls- og brjésthryggjar og kveikjumynstur sjalvodva og
sidusagtennings var metid med prividdargreini (Fastrak) og yfirbordsvodvarafrita hja
sjuklingum med halsverki af 6pekktum uppruna (n=22) og halsverki eftir bilakeyrslu
(n=27). Einkennalaus hdpur var valin til samanburdar (n=23). Nidurstodur syndu
breytta stédu herdablads, halshryggs og truflad kveikjumynstur i stodugleikavodvum
herdablads, hja sjuklingum med halsverki. Sjaklingar med halsverki syndu markteekt
minnkadan aftursnining haegra vidbeins pegar handleggur var nidur med hlid auk pess
sem sjuklingar med hélsverki eftir bilakeyrslu syndu minnkadan uppsnuning vinstra
herdablads pegar handleggur var nidur med hlid midad vid samanburdarhdpinn.
Mismunur var & uppsnuningi vidbeins og framhalla herdablads & vinstri hlid milli



sjuklinga med halsverki af épekktum uppruna og eftir bilakeyrslu. Nidurstédurnar
syndu einnig marktseka seinkun & virkni sidusagtennings og minnkad horn milli
héfudkupu og halshryggs hja sjuklingum med halsverki. Engin munur var & stédu
brjosthryggs milli hopa.

pessar nidurstodur benda til illa samhafdrar vodvavirkni sem minnkar geedi
taugavodvastjornunar og raskar edlilegum stddugleika herdablads. Minnkad
horn milli héfudkipu og halshryggs hja sjuklingum med halsverki bendir til
skertrar getu halshryggs til pungaburdar sem getur medal annars orsakast af
trufladri vodvavirkni djupra halsbeygjuvodva. Pessar breytingar & stodug-
leikakerfi herdablads og stodu halshryggjar geta verid mikilvegur pattur i
vidvaranleika og auknum einkennum hja sjuklingum med halsverki.

Lykiloro: Halsverkir, halshnykkur, stada herdablads, stédugleiki, kveikjumynstur.



ABSTRACT

Clinical reasoning suggests that alteration of the scapular stability system has the
potential to create and sustain mechanical dysfunction in the cervical and
thoracic spine by inducing compressive, rotational and shear forces to the
articular tissues. These disturbances are considered to be an important feature in
neck pain and the recurrence of neck pain. Current therapeutic guidelines for
patients with cervical spine disorders therefore include analysis and correction of
the function of the scapular stability muscles and scapular orientation. The
scapular stability system has until now not been investigated in patients with
neck pain and due to lack of research in this field, therapeutic guidelines
intended to restore normal scapular stability in these patients are based on the
results of research on the shoulder. The primary aim of this PhD project was to
investigate the scapular stability system in patients with cervical spine disorders
and to find out if there is a difference in impairments between individuals
diagnosed with insidious onset neck pain (IONP) or whiplash associated
disorders (WAD). The scapular stability system was investigated by assessing
whether there is a pattern of altered scapular orientation when the arm is resting
by the side and during arm elevation. The onset of muscle activation of the
scapular stability muscles; trapezius and serratus anterior, when the arm is
elevated was also evaluated. The secondary aim was to investigate the alignment
of the cervical and thoracic spine in the same cohort. The hypothesis was that
patients with cervical spine disorders demonstrate altered orientation of the
scapula and altered alignment of the cervical and thoracic spine together with a
disturbed onset of muscle activation in the scapular stability muscles. These
impairments are based on the diagnosis of IONP and WAD.

A three-dimensional tracking device (Fastrak) and a surface electromyography
unit measured scapular orientation, the cervical-thoracic alignment and the onset
of muscle activation of the trapezius and serratus anterior in patients with IONP
(n=22) and WAD (n=27). A control group was selected for comparison (n=23).
The results revealed altered scapular orientation, altered cervical alignment and
altered onset of muscle activation in the scapular stability muscles in the
symptomatic groups. The symptomatic groups demonstrated a significantly
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reduced retraction of the right clavicle and the WAD group a reduced left
scapular upward rotation with arm by the side, compared to the control group. A
different manifestation was revealed on the left side between the two
symptomatic groups in clavicular elevation and scapular anterior tilt with arm by
the side and during arm elevation. The results revealed a significantly delayed
onset of muscle activation in the serratus anterior and a decreased cranial angle
in the symptomatic groups. No difference was found in the thoracic alignment
between the three groups.

These findings reflect inconsistent or poorly coordinated muscle activation
which reduces the quality of neuromuscular performance, thus altering normal
stability of the scapula in these patients. The decreased cranial angle may reflect
a reduced weight bearing capacity of the cervical spine, which occurs, amongst
other things, by altered muscle activity in the deep cervical flexors. These
changes in the scapular stability system and the alignment of the cervical spine
may be an important mechanism for maintenance, recurrence or exacerbation of
symptoms in patients with cervical spine disorders.

Key words: Neck pain, whiplash, scapula orientation, stability, muscle recruitment.
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1 INTRODUCTION

1.1  Clinical background and statement of the problem

Biomechanical reasoning indicates that altered activity or poor neuromuscular
patterns in the musculature attaching the shoulder girdle to the axial skeleton induces
compressive, rotational and shear forces on the cervical and thoracic spine (Behrsin
& Maguire, 1986). It is argued that these disturbances, which affect scapular
orientation with arms by the sides and during upper limb activities, have the
potential to create or sustain symptomatic mechanical dysfunction in the cervical
and thoracic spine, as well as in the shoulder girdle complex (Behrsin & Maguire,
1986; Janda, 1994; Jull et al., 2004b; Sahrmann, 2002).

Altered activity in the scapular stability muscles and impairments in scapular
orientation are considered to be an important feature in neck pain and the
recurrence of neck pain. Current therapeutic guidelines for patients with cervical
spine disorders include the analysis and correction of the function of the scapular
stability muscles, scapular orientation with arms by the sides and during upper
limb activities (Jull, 1997; Jull et al., 2008; Jull et al., 2004b; Mottram, 1997
Mottram et al., 2009b).

The function of the scapular stability muscles and scapular orientation has only
sparsely been investigated in patients with cervical spine disorders. Because of limited
research in this field, therapeutic guidelines intended to restore normal scapular
stability in these patients are based on the results of shoulder studies (Jull et al., 2008).
It is thought that similar disturbances may be found in patients with cervical disorders,
as in patients with shoulder disorders, but this has not been confirmed.

This is the first research project that investigates the stability system of the
scapula in patients with cervical spine disorders, by measuring scapular
orientation with arm by the side and during arm elevation; and the onset of
muscle activation and the recruitment pattern of the scapular stability muscles
when the arm is elevated. The alignment of the cervical and thoracic spine was
also measured as it is known to affect scapular stability (Falla et al., 2007b;
Finley & Lee, 2003; Kebaetse et al., 1999; Kibler & McMullen, 2003).



1.2 Two groups of neck patients

Two groups of patients were assessed, one with insidious onset neck pain
(IONP) and one with neck pain following a motor vehicle accident. Patients
with IONP have a history of gradually increasing symptoms often connected to
poor posture and degenerative changes due to work overload (Johansson et al.,
2003). Patients with neck pain following a motor vehicle accident have a history
of diverse symptoms directly connected to the collision. It has been
hypothesized that a difference may exist in the impairments of these two groups
of patients although opinion is polarized (Elliott et al., 2008; Falla et al., 2004a;
Kristjansson & Jonsson, 2002; Nederhand et al., 2002).

The Québeck task force introduced and defined the term ‘“Whiplash Associated
Disorders” (WAD) which will be used for patients with neck pain following a motor
vehicle accident: “Whiplash is an acceleration-deceleration mechanism of energy
transfer to the neck. It may result from rear end or side-impact motor vehicle
collisions, but can also occur during diving or other mishaps. The impact may result
in bony or soft-tissue injuries (whiplash injuries), which in turn may lead to a variety
of clinical manifestations (Whiplash-Associated Disorders) ” (Spitzer et al., 1995).

The Québeck task force published a five grade classification of patients with WAD
based on a combination of signs and symptoms (Spitzer et al., 1995). Patients
diagnosed with WAD grade Il participated in this study (Table 1). WAD grade Il is
described as neck complaint of pain, stiffness, or tenderness and musculoskeletal signs
which include decreased range of motion and point tenderness (Spitzer et al., 1995).

Table 1. Québeck Clinical Classification of WAD
Grade Clinical presentation

0 No complaint about the neck
No physical sign(s)

| Neck complaint of pain, stiffness, or tenderness only
No physical sign(s)

1 Neck complaint and musculoskeletal sign(s)*

1l Neck complaint and neurological sign(s)+

v Neck complaint and fracture or dislocation

* Musculoskeletal signs include decreased range of motion and point tenderness.

+ Neurological signs include decreased or absent deep tendon reflexes, weakness, and
sensory deficits.

Symptoms and disorders that can be manifest in all grades include deafness, dizziness,
tinnitus, headache, memory loss, dysphagia and temporomandibular joint pain.



More severe musculoskeletal symptoms are more often reported in patients with
WAD compared to patients with IONP (Falla et al., 2004a; Nederhand et al., 2002) as
well as disturbances such as: balance disturbances; vertigo; dizziness; widespread
hypersensitivity; concentration problems; memory loss; and psychological problems
following the accident (Dumas et al., 2001; Field et al., 2008; Scott et al., 2005).

1.3  Scapular stability system

Optimal function of the scapular stability system includes the ability to maintain
normal orientation of the scapula with the arms by the sides (scapular resting
position) and during all activities of the upper limb. The muscular system is
primarily responsible for scapular orientation as the sternoclavicular joint is the
only bony-ligament attachment of the shoulder girdle to the trunk (Mottram,
1997). The proximal end of the clavicle attaches to the manubrium sternum, and
the cartilage of the first rib through the sternoclavicular joint, a saddle-shaped
synovial joint with three degrees of freedom. The distal end of the clavicle
attaches to the acromion through the acromioclavicular joint, a plane synovial
joint, also with three degrees of freedom. These joints depend on ligaments for
strength and a disc that adds strength to the joint and prevents displacement
(Magee, 1987; Williams & Warwick, 1980).

All muscles that are attached to the shoulder girdle contribute to its stability, but to
different degrees. Comerford and Mottram (2001) classify the function of the
muscles by using the concepts of local and global muscle systems and stability and
mobility muscles. The characteristics of the local and global muscle systems are
based on Bergmark’s (1989) classification of the trunk muscles where the local
muscle system increases the segmental stiffness, decreases excessive inter-
segmental motion and maintains muscle control during low load task and activities.
Movement and the control of high physiological loads are produced by the global
muscle system (Bergmark, 1989). Comerford and Mottram (2010b) consider that the
local and global muscle systems are both responsible for functional stability and
must integrate together for efficient normal function. Their classification of the
stability and mobility muscles is based on the work of Rood, in Goff (1972), Janda
(1996) and Sahrmann (2002) where the stability muscles optimally assist postural
holding, eccentrically decelerating or resisting momentum. These muscles which
have a short moment arm and work over one joint, demonstrate a tendency for
inhibition, to gain excessive flexibility, laxity and weakness in the presence of
dysfunction. The mobility muscles optimally assist rapid, accelerated movement and
produce high force or power. These muscles, which work over two or more joints



demonstrate a tendency for over activity, loss of extensibility and excessive stiffness
in the presence of dysfunction (Comerford & Mottram, 2010b; Goff, 1972; Janda,
1996; Sahrmann, 2002). Comerford and Mottram (2010a) emphasize that the global
muscles may have a primary stability or mobility role and consider the trapezius to
be a local and global stability muscle of the scapula but the serratus anterior a global
stability muscle of the scapula. However, the levator scapulae, rhomboids and
pectoralis minor are all considered to be global mobility muscles with a tertiary
stability function at the scapula (Comerford & Mottram, 2010a; Mottram, 1997).

Potential mechanisms that can alter function of the scapular stability system,
reflected by altered scapular orientation, include pain, tightness in the soft tissues,
imbalances in muscle activity or strength, muscle fatigue and the cervical and
thoracic curves (Kebaetse et al., 1999; Michener et al., 2003; Sahrmann, 2002).

1.3.1 Scapular orientation with arms by the sides
1.3.1.1 Normal orientation

Scapular orientation with arms by the sides varies considerably between individuals
within the general population. In general, the clavicles are symmetrical, elevated
approximately 6 degrees and retracted approximately 20 degrees at the
sternoclavicular joint (Ludewig et al., 2009). The scapula sits between the second
and the seventh rib on the posterior thorax (Williams & Warwick R, 1980),
approximately 8 cm lateral to the thoracic spinous processes (Sobush et al., 1996).
The optimum orientation of the scapula with the arms by the sides has been
described as the mid position of the scapula between the individual available range
of upward and downward rotation, external and internal rotation and posterior and
anterior tilt. This has been described as the “scapular neutral position” (Mottram et
al., 2009b). A difference in the scapular orientation between the dominant and non-
dominant side has been demonstrated, where the distal end of the clavicle on the
dominant side is typically less elevated and less retracted compared to the non-
dominant side (Sobush et al., 1996).

Optimal orientation of the scapula is maintained by the scapular stability
muscles; the trapezius and serratus anterior and requires minimal support from
the passive bone-ligament system (Mottram et al., 2009b). Paralysis of these
muscles due to injury to the accessory nerve and the long thoracic nerve,
illustrates their contribution in maintaining scapular orientation. Trapezius
paralysis results in a scapular orientation characterized by a depression of the
acromion, protraction and upward rotation of the scapula (Kuhn et al., 1995).



The serratus anterior paralysis results in elevation, medial translation and
downward rotation of the scapula (Kuhn et al., 1995).

1.3.1.2 Altered orientation

The presence of neck and shoulder pain is associated with altered activity in the
scapular stability muscles (Falla et al., 2007a; Falla et al., 2004a; Ludewig &
Cook, 2000; Sterling et al., 2001). Altered activity in the scapular stability
muscles and short overactive muscles affect scapular orientation so it typically
adopts a protracted and downwardly rotated position where the acromion drops
forward and down (Mottram, 1997). In this orientation the scapular glenoid is in
an inferior/ anterior direction, which has been termed inferior anterior glenoid
(IAG) (Comerford & Mottram, 2010a). This dysfunctional pattern reflects
altered activity (inefficiency) in the stability muscles and dominance of the
mobility muscles (pectoralis minor, levator scapulae and rhomboids) (Mottram
et al., 2009b; Sahrmann, 2002). Individuals with a history of shoulder pain have
demonstrated a loss of scapular neutral position characterized by IAG and
scapular orientation exercise has been described to address this dysfunction
(Mottram et al., 2009a).

1.3.2 Scapular orientation during arm elevation
1.3.2.1 Normal orientation

Proper alignment of the shoulder girdle with the arms by the sides has for long been
emphasized in physical therapy programs for patients with cervical spine disorders
(Janda, 1994). However, the ability to orient the scapula during upper limb activities
has only recently become a focus of therapeutic intervention in these patients (Jull,
1997; Jull et al., 2008; Jull et al., 2004b; Mottram, 1997; Mottram et al., 2009b).
Assessment of scapular orientation includes analyzing scapular orientation during arm
elevation. The sagittal and coronal planes are of limited use during functional activities
and in comparison, abduction in the plane of the scapula is a more natural action.
Scapular orientation is therefore most commonly assessed during arm elevation in the
scapular plane (Ludewig et al., 2009).

Setting phase

The beginning of arm elevation where the scapula contributes minimally to the
range of motion has been termed the “setting phase” of elevation. This phase,
which is related to the setting action of the scapular stability muscles, is highly
irregular as it has its own attributes in each individual and may depend on
scapular orientation before the arm is elevated (Inman et al., 1996). The scapular



stability muscles make small movements in this phase to position the glenoid
adequately in relation to the humerus to promote stability and mobility of the
glenchumeral joint (Mottram, 1997). The setting phase is considered to be the
first 20 degrees of arm elevation in the scapular plane (Crosbie et al., 2008).

Full arm elevation

During full arm elevation the clavicle undergoes on average, around 31 degrees
of posterior long-axis rotation, 16 degrees of retraction and 6 degrees of
elevation, relative to the thorax. The scapula undergoes around 19 degrees of
posterior tilt, 11 degrees of upward rotation and 8 degrees of internal rotation
relative to the clavicle. However, relative to the thorax the scapula undergoes
around 39 degrees of upward rotation, 21 degree of posterior tilt and 2 degrees
of external rotation (Ludewig et al., 2009). The scapular centre of rotation is
initially located at the medial root of the scapular spine but gradually migrates in
the direction of the acromio-clavicular joint when the arm is fully elevated
(Bagg & Forrest, 1988).

Differences between the dominant and non-dominant side, as well as between
unilateral and bilateral elevation, have been reported. There is greater upward
rotation of the scapula on the non-dominant side compared to the dominant side
and greater external rotation of the scapula during unilateral elevation of the arm
compared to bilateral elevation. The retraction of the scapula is also greater
during unilateral elevation as the scapula approximate each other and the
symmetry of trunk movements are maintained during bilateral elevation, thereby
limiting scapular retraction (Crosbie et al., 2008).

The thoracic spine interacts synchronously with the humerus and the scapula
when the arm is elevated. Side flexion and axial rotation of the thoracic spine are
caused by unilateral arm elevation and extension by bilateral arm elevation.
Upper thoracic motion slightly deviates towards the side of elevation. The lower
thoracic spine flexes contra-laterally to the elevation. The axial rotation of the
upper thoracic spine is greater than in the lower thoracic spine. Lumbar spine
range of motion is insignificant for all arm movements. There does not appear to
be any effect of age, height or weight on the ranges or patterns of motion during
arm elevation (Crosbie et al., 2008).

Scapulohumeral rhythm

Scapular upward rotation contributes to roughly one third of arm elevation while
two thirds occur in the glenohumeral joint (Crosbie et al., 2008; Ludewig et al.,



2009). A large difference exists between individuals in the ratio between
scapular upward rotation and glenohumeral motion during arm elevation in all
planes (Bagg & Forrest, 1988; Michiels & Grevenstein, 1995). Although a great
variability exists the 1:2 ratio is often proposed based on former studies (Bagg &
Forrest, 1988; Inman et al., 1996). However, a recent study investigating the
scapulohumeral rhythm (SH rhythm) taking into the account the movements of
the spine demonstrates a larger ratio compared to former studies. The ratio is
largest in the sagittal plane (1:4), smallest in the coronal plane (1:2.85) and
transitional in the scapular plane (1:3.26). The dominant side demonstrates
higher values than the non-dominant side (Crosbie et al., 2008) .

Although some data suggest that the greatest relative amount of scapular upward
rotation occurs between 80 and 140 degrees of arm elevation (Bagg & Forrest,
1988) other data show a gradual regular curvilinear relationship throughout the
entire range (Crosbie et al., 2008; Michiels & Grevenstein, 1995). The SH
rhythm does not seem to be influenced by speed but decreased upward rotation
of the scapula has been reported at 35 to 45 degrees of arm elevation using 3 kg
handheld load in healthy individuals (Kon et al., 2008). Other studies have failed
to show this difference (Fayad et al., 2006).

Scapular stability muscles

Optimal function of the scapular stability muscles: the trapezius and serratus
anterior muscles are important for scapular control and may be influenced by the
activity and extensibility of the mobility muscles (pectoralis minor, levator
scapulae and rhomboids) which may compromise the muscle balance (Mottram,
1997; Mottram et al., 2009b; Sahrmann, 2002).

Normal function of the scapular stability muscles depends not only on the force
production but also on neuromuscular control and recruitment of these muscles
that requires a precise co-ordinated activity that occurs at the right moment,
creating the right amount of force, maintained for the right length of time. This
proper firing pattern and recruitment requires coupling of the upper-, middle-
and lower trapezius with the serratus anterior muscle that results in “force
couples” which are considered necessary for normal scapular orientation (Inman
et al., 1996; Kibler & McMullen, 2003; Mottram, 1997). Appropriate activity of
these muscles depends on proprioception which is linked to the sensation of
position and movement of the joints, the sensation of force, effort and heaviness
associated with the muscular activity; and the perceived timing of muscle
contraction (Comerford & Mottram, 2010a; Gandeviaa et al., 1992). Muscle



recruitment deficits are manifested by an altered pattern of recruitment or an
altered timing (early/ delayed muscle onset). Dysfunction in the local stability
system is revealed by failure of the local muscles to recruit prior loading of the
joint, creating stiffness in order to stabilize the joint and control segmental
motion (Comerford & Mottram, 2010b).

The serratus anterior muscle is the prime upward rotator of the scapula and
needed for complete active arm elevation. The muscle also abducts, posteriorly
tilts and externally rotates the scapula holding it flat against the thoracic cage
during upper limb activities (Ludewig et al., 2009; Sahrmann, 2002). Paralysis
of the serratus anterior prevents arm elevation above 120 degrees and the degree
of scapular winging also increases when the arm is elevated (Kuhn et al., 1995).

Conflicting opinions exist in the literature about the role of the upper trapezius
during arm elevation. It is thought that it elevates the scapula (Ludewig et al.,
2009; Sahrmann, 2002; Williams & Warwick, 1980) which is supported by the
fact that people with paralysis of the trapezius are unable to shrug the shoulder
(Kuhn et al., 1995). However, an investigation of the anatomy and action of the
upper trapezius indicates that the muscle has only a minimal role in scapular
elevation as only the fibers from the superior nucha line which insert to the
lateral third of the clavicle have a downward orientation (Johnson et al., 1994).
When these fibers approach the clavicle their orientation is almost horizontal.
These fibers are also small in size which limits their capacity to elevate the
lateral portion of the shoulder girdle. This part acts on the clavicle and not the
scapula and whatever upward action they might have would be wasted in the
cervical fascia before the fibers reach the clavicle. The fibers that insert to the
scapula are more transversely orientated which indicates that their action is to
draw the clavicle, acromion and spine of the scapula backwards or medially, but
not upward (Johnson et al., 1994). However, by rotating the clavicle backward
about the sternoclavicular joint, the lateral end of the clavicle elevates causing
upward rotation of the scapula. This action would be assisted by the lower
trapezius fibers that have a transverse orientation in addition to an upward
orientation (Johnson et al., 1994). It should be mentioned that the study
conducted by Johnson et al. (1994) that primarily questions the role of the upper
trapezius in elevating the scapula, only used small number of subjects which
may be considered a limitation of the study.

The contribution of the upper trapezius in scapular upward rotation is also not
clear. The large bulk of fibers that arises from C7 and T1 lie close to the scapular



axis of rotation in the beginning of upward rotation thus having a short lever
arm, but once the upward rotation has started, their lever arm becomes longer,
generating upward rotation or resisting downward rotation (Comerford &
Mottram, 2010a; Johnson et al., 1994). Other authors have recently rejected the
idea that the upper trapezius plays a role in scapular upward rotation (Ludewig et
al., 2004; Ludewig et al., 2009).

There are concurrent opinions about the role of the middle trapezius and the
lower trapezius. The middle trapezius does not act around the scapular axis of
rotation but acts directly on the axis, stabilizing the scapula against the upward
action of levator scapulae and the lateral action of the serratus anterior, thus
providing a stable base to allow the scapular-humeral muscles to generate force
(Johnson et al., 1994; Wickham et al., 2010). The lower trapezius externally
rotates the scapula, assists with upward rotation and minimally with posterior tilt
(Ludewig et al., 1996; Ludewig et al., 2009). The lower trapezius also plays an
important role in maintaining the normal path of the scapular axis of rotation
through attachments at the spine of the scapula particularly during full arm
elevation, preventing excessive elevation of the scapula (Bagg & Forrest, 1988;
Kibler & McMullen, 2003) and resisting lateral displacement of the scapula
through the action of serratus anterior (Johnson et al., 1994).

Scapular mobility muscles

The levator scapulae and rhomboid muscles adduct, downwardly rotate and
elevate the most medial part of the scapula. The levator scapulae also has a
tertiary stability function at the scapula by resisting a downward force through
the arm e.g. when carrying (Comerford & Mottram, 2010a). Pectoralis minor,
the biceps brachii (caput brevis) and the coracobrachialis which attach to the
coracoid process, can create a forward pull on the scapula causing anterior tilt
and protraction of the scapula along with the pectoralis major (Kibler &
McMullen, 2003; Williams & Warwick, 1980). The pectoralis minor also causes
downward rotation of the scapula which may affect upward rotation of the
scapula during arm elevation (Kibler & McMullen, 2003). The pectoralis minor
has a tertiary stability function at the scapula during action such as pushing and
punching and on weight bearing activities where the muscle assists in the
transfer of weight of the trunk to the upper limbs (Comerford & Mottram,
2010a). Tightness in the posterior capsule of the glenohumeral joint, a short or
overactive latissimus dorsi , infraspinatus or teres minor may pull the scapula



into excessive abduction during arm elevation (Comerford & Mottram, 2010a;
Sahrmann, 2002).

1.3.2.2 Altered orientation

It is suggested that the presence of pain leads to inhibition or delayed activation
in the muscles that control joint stability (Hodges & Richardson, 1996). This
alters patterns of neuromuscular control and recruitment during functional
movement (Sterling et al., 2001). This is supported by reports that an
experimental and chronic pain in the neck and shoulder affects the magnitude of
variability of task timing, kinematics and muscle activation during repetitive arm
movement. The variability in task timing increased in the presence of both
experimental and chronic pain compared with non-painful conditions.
Experimental pain increased the variability of the starting position of the arm,
the arm range of motion, the arm and trunk movement area, and the acceleration
of the arm. In the chronic pain condition, the variability of arm and trunk
acceleration and electromyography (EMG) activity was decreased compared
with healthy controls. These results indicate that pain may alter the magnitude of
motor variability, and when acute pain develops into a chronic pain, changes in
motor patterns take place (Madeleine et al., 2008).

The presence of pain in the neck area is known to affect the function of the
trapezius as a EMG study has demonstrated that injection of hypertonic saline in
the upper trapezius causing experimental pain in “healthy subjects” results in
reorganization in the coordination of trapezius during shoulder flexion (Falla et
al., 2007a). On the painful side decreased activity was demonstrated in the upper
trapezius but increased activity in the lower trapezius. However, the upper
trapezius on the contralateral side to the pain demonstrated increased activity.
These findings demonstrate that pain in the upper trapezius changes the motor
control in the upper and lower trapezius not only on the painful side but also on
the contralateral side.

Decreased ability to relax on completion of an upper limb task has been reported
in the upper trapezius in patients with neck pain (Johnston et al., 2008).
However, muscle activity levels of the upper trapezius over the work day have
not been shown to increase in service workers with low observed biomechanical
exposure, despite high prevalence of shoulder and neck pain (Westgaard et al.,
2001). Interestingly, a difference has been reported between patients with IONP
and WAD where WAD patients have a tendency of higher and longer muscle
activation patterns in upper trapezius during upper limb tasks (Nederhand et al.,
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2002), and a decreased ability to relax after tasks compared to patients with
IONP, reflected by significantly higher muscle activity levels in the upper
trapezius (Falla et al., 2004a).

Altered scapular orientation most frequently occurs because of altered activity or
poor neuromuscular patterns in the scapular stability muscles as well as altered
activity and extensibility of the mobility muscles which compromises the muscle
balance (Mottram et al., 2009b; Mottram, 1997; Sahrmann, 2002). It is also
known to be associated with increased cervical- and thoracic curves (Kibler &
McMullen, 2003) as a slouched position may increase scapular elevation, reduce
upward rotation and posterior tilt of the scapula when the arm is elevated (Finley
& Lee, 2003; Kebaetse et al., 1999).

Altered scapular orientation during arm elevation is considered to play an important
role in patients with shoulder disorders (Kibler et al., 2009; Ludewig & Cook, 2000;
Ludewig et al., 2009). Reduced clavicular retraction, scapular upward rotation,
scapular posterior tilt and increased clavicular elevation has been reported and linked
to decreased activity in the serratus anterior muscle, to imbalances of forces between
the upper- and lower parts of the trapezius muscle (Kibler & McMullen, 2003;
Ludewig & Cook, 2000; Ludewig et al., 2009; Lukasiewicz et al., 1999; McClure et
al., 2006) and to short and overactive scapular mobility muscles (levator scapulae,
rhomboids and pectoral muscles) (Mottram, 1997; Sahrmann, 2002). Altered muscle
activity has been demonstrated in these patients by EMG in the serratus anterior and
the trapezius (Cools et al., 2007a; Cools et al., 2003; Glousman et al., 1988; Kibler,
1998; Kibler & McMullen J, 2003; Ludewig & Cook, 2000; Pink et al., 1993;
Scovazzo et al., 1991; Wadsworth & Bullock-Saxton, 1997). These studies highlight
serratus anterior as the primary stabiliser of the scapular-thoracic region, functioning in
a manner similar to other important stabilisers in the body. The altered activity in the
scapular stability muscles is presented as a disorganization of their normal firing
pattern which decreases their ability to produce torque and stabilise the scapula
(Kibler, 1998; Kibler & McMullen J, 2003). It is considered that the serratus anterior,
middle and lower trapezius may be susceptible to inhibition (Cools et al., 2007a; Cools
et al., 2003; Kibler, 1998) but upper trapezius tends to be overactive (Kibler, 1998;
Kibler & McMullen, 2003; Ludewig & Cook, 2000). Interestingly an increase in
muscle activity levels has been demonstrated in the upper- and lower trapezius during
arm elevation in the scapular plane in subjects with symptoms of shoulder
impingement relative to a group of subjects without symptoms of shoulder
impingement (Ludewig & Cook, 2000). However, decreased activity has been
demonstrated in the upper trapezius during swimming in competitive swimmers with

11



shoulder pathology compared to swimmers who had normal shoulders (Ruwe et al.,
1994). The discrepancy may be explained by different groups of people as well as
different upper limb activity but the results still suggest that the upper trapezius may
react with either increased or decreased activity in painful situations.

1.4  Scapular stability in patients with cervical spine disorders

Previous studies investigating the shoulder girdle in patients with cervical spine
disorders have primarily been directed at the alignment of the shoulder girdle with
arms by the sides, measuring the upward and forward displacement of the acromion
with reference to the 7" cervical spinous process or by angular measurements using
these landmarks. These studies evaluating the protraction/ retraction and elevation/
depression of the shoulder girdle do not take into consideration the alignment of the
thoracic cage nor do they measure scapular orientation (Braun, 1991; Paris, 1990;
Szeto et al., 2002; Yip et al., 2008). A more protracted position of the shoulder girdle,
in association with increased cervical curves, has been reported and correlated to
greater levels of disability (Braun, 1991; Paris, 1990; Szeto et al., 2002). An increased
forward excursion of the shoulder girdle during prolonged viewing of computer
display-devices has also been reported in office workers with neck pain compared to
asymptomatic office workers (Szeto et al., 2005b).

A more depressed position of the shoulder girdle has been reported in patients with
tension-type headache (Nagasawa et al., 1993). An intermediate lateral projection of
an X-ray spinogram was used to determine the position of the shoulder girdle as the
lower cervical and upper thoracic spine is generally obscured by the shoulder girdle.
The term “low-set shoulder” was used in cases where the first thoracic vertebra (mild
cases) and upper third or more of the second thoracic vertebra (severe cases) were
clearly visualized. In the controls (n=225) a mild low-set shoulder was observed in
38% (n=86) of the subjects but severe in only 3.8% (n=8). In patients with tension-
type headache (n=372) 48% (n=180) had mild low set shoulders and 9.1% (n=34)
severe. There was no significant difference in the number of mild or severe low-set
shoulders between sexes or age groups (Nagasawa et al., 1993). A relationship has
also been observed between depressed shoulder girdles and thoracic outlet symptoms,
where the reported symptoms, which were considered consequences of the depressed
alignment of the shoulder girdle, were aggravated by scapular downward traction and
relieved by scapular elevation (Swift & Nichols, 1984).

Scapular orientation during arm elevation has not been investigated in patients with
neck pain and neither has the coordination of the scapular stability muscles. Altered
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muscle activity has been reported in the cervical flexors and the upper trapezius in
patients with neck pain (Falla et al., 2004b; Falla & Farina, 2005; Jull et al., 2004a; Jull
et al., 2004b; Szeto et al., 2005a), but disturbances in the middle trapezius, lower
trapezius and the serratus anterior have not been investigated in these patients.

Interestingly, a significant decrease in shoulder proprioception has been reported in
patients with WAD compared to healthy controls. Both groups underwent a shoulder
proprioception test involving active ipsilateral arm position-matching (Sandlund et al.,
2006). Altered shoulder proprioception might affect coordination of the scapular
stability muscles and scapular orientation in these patients.

This current research study is the first to investigate scapular orientation in
patients with cervical spine disorders, which applies the definition of body
segments and joint coordinate systems proposed by the Standardization and
Terminology Committee of the International Society of Biomechanics. This
includes measuring three dimensional orientation of the scapula described by
two clavicular rotations: elevation/ depression and protraction/ retraction, and
three scapular rotations: upward/ downward rotation, internal/ external rotation
and anterior/ posterior tilt (Figure 1) (Karduna et al., 2001; Wu et al., 2005).
Scapular orientation was measured with arm by the side and during arm
elevation. This is also the first research study that investigates the onset of
muscle activation and the recruitment pattern of the scapular stability muscles;
the trapezius and the serratus anterior, in patients with cervical spine disorders.

Internal/External
Rotation

Upward/Downward
Rotation

Figure 1. (A) Clavicular elevation/depression, (B) Clavicular protraction/retraction,
(C) Scapular rotations.
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1.5  Cervical and thoracic alignment

It has been suggested that the optimal alignment for sagittal balance of the
cervical spine requires the second cervical vertebra (axis) to be in vertical
alignment with the seventh cervical vertebrae (vertebra prominence) and the first
cervical vertebra (atlas) with the first thoracic vertebra (Panjabi et al., 2001).
Normal values for the cervical lordosis have also been presented by a circular
model based on a height/length ratio (Harrison et al., 1996).

Several studies have investigated and linked altered cervical lordosis to
symptoms in the neck area and a high incidence of degenerative changes in the
cervical spine (Harrison et al., 2000). Altered cervical and thoracic alignment
(Kibler & McMullen, 2003) is also known to contribute to altered orientation of
the scapula (Falla et al., 2007b; Finley & Lee, 2003; Kebaetse et al., 1999) and is
considered to be an important mechanism influencing cervical (Edmondston et
al., 2005; Szeto et al., 2005b) and scapular (Kibler & McMullen, 2003; Thigpen
et al., 2010) kinematics. Evidence is emerging demonstrating that normal
cervical alignment is associated with efficient function of the deep cervical
flexors (cervical stability muscles) (Falla et al., 2007b) and the scapular stability
muscles (Weon et al., 2009). However, there is conflicting evidence as to
whether there is a difference in cervical alignment between patients with neck
pain and asymptomatic subjects (Edmondston et al., 2007; Hanten et al., 2000;
Harrison et al., 2004; Nagasawa et al., 1993; Yip et al., 2008). An association
between prolonged neck pain and a more flexed cervicothoracic posture has
been reported in adolescents (Straker et al., 2009) but associations have not been
found between changes in the thoracic curve and cervical spine disorders in
adults (Szeto et al., 2005a).
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2 AIMS
According to the following aims, patients with IONP and WAD were compared
to asymptomatic subjects.

e The primary aim was to investigate the scapular stability system in
patients with cervical spine disorders.

o First, by assessing whether there is a pattern of altered scapular
orientation when the arm is resting by the side and during arm
elevation.

o Secondly, by assessing the onset of muscle activation of the
scapular stability muscles when the arm is elevated.

o Thirdly, to determine whether a different manifestation is found
between patients with IONP and WAD.

o The secondary aim was to investigate the alignment of the cervical and
thoracic spine in the same cohort.

The hypotheses tested in this thesis were:
e Patients with cervical spine disorders demonstrate:

o Alterations in the scapular stability system revealed by altered
orientation of the scapula and altered onset of muscle activation in
the scapular stability muscles.

o Altered cervical and thoracic alignment compared to asymptomatic
subjects.

o Adifferent manifestation is found between patients with IONP and WAD.
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3 MATERIAL AND METHODS

3.1 Study design

This was a clinical measurement, cross-sectional, three group comparison. The
scapular orientation, the onset of muscle activation of the scapular stability muscles
as well as the alignment of the cervical and the thoracic spine was investigated in
two groups of patients with cervical spine disorders and compared with baseline
measurements of healthy controls. Both sides were measured to observe whether a
different pattern existed between the dominant and the non-dominant side. The
research was approved by the Bioethics Committee of Landspitali University
Hospital and was conducted at the Research Centre of Movement Science at the
Department of Physiotherapy, University of Iceland.

3.2  Subjects

Twenty-two subjects with IONP (20 women and 2 men) and twenty-seven
subjects with WAD (24 women and 3 men) were recruited at physical therapy
clinics on a voluntary basis in Reykjavik municipal area after giving their
informed consent. A sample of convenience consisting of twenty-three
asymptomatic subjects (18 women and 5 men) served as controls (Table 2). All
subjects were right-handed. The subjects in the control group were selected to
match the subjects in the symptomatic groups, according to their height, weight,
age, gender and physical activity level. Physical activity level was assessed by
asking whether the subject engaged in some kind of physical activity on a
regular basis (sports, exercises etc.). If the answer was yes the subject was asked
what kind of physical activity and how many times per week.

Demographic information (height, weight, age, gender and physical activity
level) was collected. Intensity of pain was evaluated with a 10-cm Visual
Analogue Scale (VAS) anchored by no pain and pain as bad as it can be. The
VAS was used to indicate the minimal, maximal and average intensity of neck
pain experienced over the past seven days. Disability was measured by the Neck
Disability Index (NDI) (Vernon & Mior, 1991) which is a self report instrument
for the assessment of activities of daily living of sufferers of disabling neck pain.
The index is considered to be a condition-specific disability rating instrument,
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sensitive to the levels of severity of the complaint. It consists of ten items
addressing functional activities such as personal care, lifting, reading, work,
driving, sleeping and recreational activities as well as pain intensity,
concentration, and headache. There are six potential responses for each item
ranging from no disability (0) to total disability (5). The overall score (out of 50)
is calculated by adding up the responses of each individual item and multiplying
the total by two. The total percentage is therefore 100. A higher score indicates
greater pain and disability. The interpretation intervals for scoring are as
follows: 0 to 8 is no disability, 10 to 28 is mild, 30 to 48 is moderate, 50 to 68 is
severe, above 68 is complete (Vernon & Mior, 1991). The posed questionnaire is
included in Appendix 1.

Inclusion criteria for the pain groups were: age 18 to 55, a score of at least 10 on
the NDI, and neck symptoms of more than six months duration. Symptoms that
have lasted more than six months are considered chronic (Hartling et al., 2001).
Subjects were allocated to one of two groups: Group 1 consisted of subjects with
IONP that had no history of an accident related to the shoulder girdle or neck,
such as whiplash injury. Group 2 consisted of subjects diagnosed with a WAD
grade Il that had no prior history of symptoms in the neck area before the motor
vehicle accident. A third group included the controls (Group 3) which were
between age 18 to 55 with neither cervical- or shoulder dysfunction. The
cervical spine was examined by a physical therapist trained in Manual Therapy,
to confirm the presence or absence of cervical segmental joint dysfunction in
patients with neck pain and controls, respectively. The glenohumeral joints were
examined for pain, restriction, and impingement signs (Magee, 1987). Subjects
were excluded if they had any known pathology or impairment in the shoulder
joint, history of head injury or spinal fractures, systemic pathology and serious
psychological condition.

Table 2. Demographic details of participants.

control group IONP group WAD group
Women (n=18) Women (n=20) Women (n=24)
Men (n=5) Men (n=2) Men (n=3)
Mean SD Range | Mean sD Range | Mean SD Range
Age (years) 30 8 21-51 35 8 25-54 33 10 18-50
Height (cm) 172 8 155-188 171 6 158-183 170 5 160-180
Weight (kg)| 69 10 56-100 73 16 53-128 71 10 51-92
NDI 0 0 0 29 10 12,-49 38 18,74 12,-80

18



3.3 Instrumentation and measurements

3.3.1 Equipment

A wireless 12 channel KinePro EMG unit was used to record surface EMG with
the sampling frequency of 1600 Hz (Figure 2). The signal was amplified on the
measurement unit, then digitized and filtered with a basic high pass filter of 30
Hz. This cut-off frequency was chosen to remove movement artifacts. The data
of each surface EMG unit were then transmitted with radio waves to a computer-
connected base unit (KINE, Hafnarfjordur, Iceland).

Figure 2. A wireless 12 channel KinePro electromyography unit.

A three-dimensional tracking device (Fastrak) was synchronized with the EMG
unit. Three-dimensional data were collected at 40 Hz with the Polhemus three-
Space Fastrak device (Polhemus Colchester, VT (Figure 3)). The manufacturer
has reported an accuracy of 0.8 mm and 0.15° for this device which consists of a
global transmitter, three sensors, and a digitizing stylus, hardwired to a System
Electronic Unit (SEU). The SEU determined the relative orientation and position
of the digitizer and the sensors through the electromagnetic field emitted by the
global transmitter. Information collected by the Fastrak system was sent to a
computer with a software system developed by KINE (Hafnarfjordur, Iceland).
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Figure 3. Polhemus Three-Space Fastrak device.

3.3.2 Body segments and joint coordinate systems

The current study utilized the definition of body segments and joint coordinate
systems for the upper extremity proposed by the Standardization and Terminology
Committee of the International Society of Biomechanics. The coordinate systems
were defined using the proposed digitized anatomical landmarks. The Euler angle
sequences from the standard were applied for all motion descriptions, except for
clavicular axial rotation, which was set at zero (Karduna et al., 2005; Karduna et al.,
2000; Wu et al., 2005) (see Appendix 2). The digitizing stylus connected to the
magnetic tracking device was used to digitize the coordinates of these landmarks. All
landmarks were palpable except for the center of glenohumeral rotation (GH). The
GH was estimated by moving the humerus through short arcs (<45 degrees) of
midrange glenohumeral motion. The GH was defined as the point on the humerus that
moved the least with respect to the scapula when the humerus was moved and was
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calculated using a least-squares algorithm (Biryukova et al., 2000; Harryman et al.,
1990). Based on standard matrix transformation methods, the global axes defined by
the sensors of the Fastrak device were converted to anatomically defined axes derived
from the digitized bony landmarks (Karduna et al., 2001).

3.3.3 Evaluation of cervical alignment

The cervical- and thoracic alignment was measured two-dimensionally. This study
utilized coordinates provided by the digitizer
to measure cervical alignment and
distinguished between the alignment of the
upper cervical spine (cranial angle) and the
lower cervical spine (cervical angle)
(Edmondston et al., 2007; Straker et al.,
2009). To evaluate cranial and the cervical
angles the corner of the right eye, the tragus
of the right ear and the spinous process of the |
7™ cervical vertebra were digitized. The |
coordinates of these anatomical landmarks
were used to calculate the cranial and the
cervical angels illustrated in Figure 4.

3.34 Evaluation of the thoracic

curve

To measure the mid-thoracic curve (MTC)
the digitized coordinates of the spinous
processes ranging from T2 to T11 were used.
A curve was drawn along the thoracic
spinous processes and a straight line directly
between the spinous processes T2 and T11
(Figure 5).  The longest perpendicular
distance (h) between the curve and the
straight line was calculated using the
coordinates. The MTC was calculated using

Figure 4. Angle definition: The
corner of the right eye (canthus),
the tragus of the right ear
(tragus) and the spinous process

of the 7™ cervical vertebra
(vertebra prominence) were
digitized. The cranial angle (A)
is formed by the line of the
canthus to tragus with respect to
vertical plane. The cervical angle
(B) is formed by the line of
tragus to C7 with respect to the
vertical plane.

the formula presented in Figure 5. The line labeled length (I) is the straight line
distance between spinous processes T2 and T11. The line labeled height (h) is
perpendicular to | and intersects the curve at a digitized point of the mid thoracic
process that visually demonstrated the top of the curve (Bullock et al., 2005). This
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method in evaluating the thoracic curve has shown a good intra and inter-rater
reliability with an ICC level of 0,99 (Kristinsson, 2008).

Formula for the MTC.

mtc = 4 x {arctan(thﬂ 71_\ length (1)

Figure 5. lllustration and calculation measuring the mid-thoracic curve (MTC).

3.3.5 Experimental procedure

The anatomical landmarks were palpated and marked (Karduna et al., 2001).
Three Fastrak sensors were attached to each subject. Using adhesive tape, the
first sensor was attached to the skin of the sternum (distal to the sternal notch)
and the second sensor to the flat part of the acromion. The second sensor
evaluated the clavicular and scapular rotations. The third sensor, attached to an
elastic strap (Mylatex wrap, 45 c¢cm, Chattanooga group, USA), was placed
distally on the posterior aspect of the humerus proximal to the epicondyles.
These placements have been used previously (Ludewig & Cook, 2000), and
validated for these measurements by comparing surface sensor measurement to
sensor fixed to pins drilled directly in the scapula. The average root-mean square
error for clavicular and scapular rotations was within 3 degrees between 30 and
120 degrees of arm elevation in the scapular plane (Karduna et al., 2001).

The area of EMG electrode placement was cleaned with alcohol swabs to lower the
electrical impedance. The SENIAM recommendations for electrode location were
followed for trapezius. Electrodes were placed in line with the muscle fibers over the
following locations: upper trapezius, at the midpoint of the lead line between the
acromion and the spinous process of C7, in the direction of the line between the
acromion and C7; middle trapezius, between the medial border of the scapula and
the spine, at the level of T3, in the direction of the line between T5 and the
acromion; lower trapezius at 2/3 on the line from the trigonum spinea to T8, in the

22



direction of the line between T8 and the acromion (Hermens et al., 2000; Hermens
et al., 2009). The electrodes for the serratus anterior were placed parallel to the
muscle fibers right in front of the anterior border of latissimus dorsi at rib levels 6-8
(Basmajian & Blumenstein, 1989). When the electrode placement was completed
the signal quality of all the muscles was tested.

Figure 6. Experimental setup. Two electrodes were placed over the serratus
anterior. The data from the upper electrode was used in the study.

The height of the chair used in the study was adjusted for each subject and a 15 degree
obliquely aligned cushion was used to facilitate neutral spinal curves. The subject was
instructed to sit in a comfortable upright position so the sacrum was in contact with the
back of the chair with feet placed parallel on the floor (Figure 6). A flat vertical
surface was positioned along the lateral aspect of the subjects’ arm to act as a guide to
maintain a scapular plane, defined as 30 degrees anterior to the frontal plane. The back
of the hand gently contacted the vertical surface. With a metronome set at 60 beats per
minute each subject performed an arm elevation to a count of three seconds and
lowering along the same path to a count of three, in a continuous movement. Before
and in-between each elevation and lowering of the arm the subject was instructed to
relax for 3 seconds. The following instructions were given to each subject: “focus on a

point on the chart in front of you”. “Allow your hands, shoulders and arms to assume
the position they would normally assume by the sides”. The subject was instructed to
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maintain this position throughout the digitization and the GH estimation procedure.
Following this, the raw data from the sensors were converted into anatomically
defined rotations (Karduna et al., 2001). Following two practice trials synchronized
EMG and kinematic data were simultaneously collected during two elevations of each
arm. Both arms were tested, but only one arm at a time. The order of testing was
randomized. As both arms were tested, the Fastrak sensors on the scapula and the arm
had to be moved to the opposite side.
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4 DATA ANALYSIS

4.1  Scapular orientation with arm by the side

Scapular orientation was described using two clavicular rotations (elevation/
depression and retraction/ protraction), and three scapular rotations (upward/
downward rotation, internal/ external rotation and anterior/ posterior tilt), as
dependant variables (Figure 1). A software program (KINE, Hafnarfjordur,
Iceland) calculated the orientation of each clavicular and scapular rotation.

The software program demonstrated an image of the orientation of the clavicle
and scapula during measurements. Visual inspection of the recordings
demonstrated a wrong location of the angulus inferior on the scapula during
eight measurements, where the y coordinate demonstrated a negative value,
instead of a positive value above 20. What appears to have caused the erroneous
position of angulus inferior, according to the manufacturer, is that the digitizer
was not in the +X hemisphere when the SEU was powered on and therefore
didn't know what its origin hemisphere was. As these data had to be excluded in
the data analysis only twenty-three subjects were included in the WAD group
(20 women and 3 men), twenty-one in the IONP group (19 women and 2 men)
and twenty in the control group (17 women and 3 men).

The R version 2.8.0 (The R Foundation for Statistical Computing ISBN 3-099951-
07-0) was used for statistical analysis. The age, weight and height between the three
groups were compared by analysis of variance (ANOVA) and the distribution of
each group was evaluated. For each group, means and 95% confidence intervals
were calculated for each of the five dependant variables on each side demonstrating
scapular orientation. As the Shapiro test did not reject normal distribution of the
data, parametric tests were used for statistical analysis. Initial analyses were
performed to test for possible group differences in the dependent measures by using
a general linear model one-way ANOVA and the Tukey honest significant
difference’ method (TukeyHSD) was used to determine the main effects of the
ANOVA. The significance level for all tests was set at .05.
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4.2  Scapular orientation during arm elevation

Scapular orientation during arm elevation was described using the same
clavicular and scapular rotations as described above. A software program
(KINE, Hafnarfjordur, Iceland) calculated each clavicular and scapular rotation
at 30, 60, 90 and 120 degrees of arm elevation. Interpolation was used to retrieve
these data. The data were averaged for the two repetitions of humeral elevation
for each participant.

Due to faulty data (described above) only twenty-three subjects were included in
the WAD group (20 women and 3 men), twenty-one in the IONP group (19
women and 2 men) and twenty in the control group (17 women and 3 men).

The SPSS version 18 (Statistical Package for the Social Sciences, Version 17,
SPSS Inc. 2009, Chicago, IL) was used for statistical analysis. The age, weight
and height between the three groups were compared by ANOVA and the
distribution of each group was evaluated. For each group, means and standard
errors were calculated for the dependant variables bilaterally demonstrating
scapular orientation. All data satisfied normality assumptions and parametric
tests were subsequently used in all analysis.

To compare scapular orientation among the three groups, a mixed model three
way ANOVA was used with one between subject factor (three groups: IONP,
WAD and controls) and two within subject factors, side (representing arm
dominance) and angle (30, 60, 90, 120 degrees of humeral elevation). A full
factorial model was used. In the presence of an interaction, differences were
tested at each level of the interacting variable. The significance level for all tests
was set at .05.

4.3 Muscle recruitment

The main parameter of interest was the onset of muscle activation when
elevation of the arm began. The onset of muscle activation was only measured
ipsilaterally. Kinematic and EMG data were synchronized as they were sampled
by the computer. The data were imported into Excel (Microsoft, Redmond, WA,
USA) where the exact time when elevation of the arm began was displayed in
seconds. The EMG data were rectified, imported into Excel in raw text form and
processed with an Excel macro onset filter (KINE, Hafnarfjordur, Iceland) with
a threshold adjusted at two standard deviations above a resting value (measured
when arms where resting by the sides) for more than 50 milliseconds (Hodges &
Bui, 1996; Silfies et al., 2009). The muscle onset was determined when the root
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mean square of each muscle had reached that threshold. The time interval
between the moment the arm started to elevate and the time when each muscle
had reached the threshold was calculated with a computer program and
displayed in seconds (KINE, Hafnarfjordur, Iceland).

The R version 2.8.0 (The R Foundation for Statistical Computing ISBN 3-
099951-07-0) was used for statistical analysis. The age, weight and height
between the three groups were compared by ANOVA and the distribution of
each group was evaluated. For each group, means and standard error were
calculated for the four dependant variables on each side. They were onset of
muscle activation for three parts of trapezius and serratus anterior on the side of
elevation. To meet the criteria for normal distribution the data had to be
transformed by first adding the absolute value of the smallest value for each
electrode and then raising to the power of .45. As the Shapiro test did not reject
normal distribution of the residuals (P =.27), parametric tests were used for
statistical analysis.

The onset of muscle activation among the three groups was compared by using
general linear model one-way ANOVA and the TukeyHSD was used to
determine the main effects of the ANOVA. As the original data were not
normally distributed and had to be transformed for parametric analysis, non
parametric analyses were also performed to verify the results. The Kruskal-
Wallis and Mann-Whitney tests were used to evaluate possible group differences
in the dependent measures. The significance level for all tests was set at .05

4.4  Alignment of the cervical and thoracic spine

The main parameter of interest was the alignment of the cervical and thoracic
spine with the arms by the sides. Two variables were related to the alignment of
the cervical spine; the cranial angle and the cervical angle (Figure 4); and one
for the thoracic spine (MTC) (Figure 5). The calculations for the alignment of
the cervical and thoracic spine were performed automatically by the use of an
excel software program except for the peak of the MTC that was selected
manually by visual inspection (Bullock et al., 2005).

The R version 2.8.0 (The R Foundation for Statistical Computing ISBN 3-
099951-07-0) was used for statistical analysis. The age, weight and height
between the three groups were compared by ANOVA and the distribution of
each group was evaluated. For each group, means and 95% confidence intervals
were calculated for the three dependant variables demonstrating cervical and
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thoracic alignment. As the Shapiro test did not reject normal distribution of the
data, parametric tests were used for statistical analysis. Initial analyses were
performed to test for possible group differences in the dependent measures by
using general linear model one-way ANOVA and the TukeyHSD was used to
determine the main effects of the ANOVA. The significance level for all tests
was set at .05.

4.5 Influence of the level of pain and disability

The scores on the NDI and the VAS were compared between the symptomatic
groups by independent t-test. The significance level was set at .05. The Pearson
correlation between the dependant variables and the scores on the NDI and the
VAS were assessed with symptomatic groups combined and separately for the
IONP group and the WAD group. Based on the large number of correlations a
threshold of .5 was established as a “meaningful” correlation.
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5 RESULTS

5.1  Scapular orientation with arm by the side

There was no significant difference in age, weight and height between the three
groups but a significant difference was found in the level of pain and disability
between the symptomatic groups, where the WAD had a significantly higher pain
(VAS) (P =.03) and disability level (NDI) (P =.04) compared to the IONP group.

The ANOVA revealed on the left side a significant difference in clavicular
elevation (P = .01), scapular tilt (P < .01) and scapular upward rotation (P < .03)
between the three groups. Post hoc comparisons revealed a significantly reduced
clavicular elevation in the IONP group (P = .02) and a significantly reduced
scapular upward rotation in the WAD group (P = .03) compared to the control
group. A different manifestation was observed between the symptomatic groups
demonstrated by a significantly increased scapular anterior tilt in the WAD
group compared to the IONP group (P < .01) and the control group (P = .01).

The ANOVA revealed on the right side a significant difference in clavicular
retraction between the three groups (P < .03). Post hoc comparison revealed a
significantly reduced clavicular retraction in the IONP group (P = .04) and the
WAD group (P < .02) compared to the control group. Summary group data are
demonstrated in Figure 7.
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Figure 7 (A-E). Mean and the 95% confidence interval of the clavicular elevation
(A), clavicular retraction (B), scapular posterior tilt (C), scapular upward rotation
(D) and internal rotation (E) in the three groups. IONP=insidious onset neck pain.
WAD=whiplash associated disorders.

5.2 Scapular orientation during arm elevation

There was no significant difference in age, weight and height between the three groups
but a significant difference was found in the level of pain and disability between the
symptomatic groups, where the WAD had a significantly higher pain (VAS) (P = .03)
and disability level (NDI) (P =.04) compared to the IONP group.

Based on visual inspection of the graphs the general pattern in the three groups
during arm elevation was for the clavicle to elevate and retract and the scapula to
upwardly rotate and posteriorly tilt. The scapula also internally rotated until the
arm had been elevated up to 90 degrees and then externally rotated until the arm
reached 120 degrees.

For clavicular elevation there was a main effect of side [F (1, 62) = 4.437; P < .05]
due to a 1.7 degree (0.8) overall greater clavicular elevation of the left side
compared to the right side. There was also an angle by group interaction [F
(3.357, 104.07) = 3.708; P = .01] and group differences were therefore assessed
for each angle. Post hoc comparisons revealed a significantly greater clavicular
elevation in the WAD group compared to the control group at the 90 degree
angle (P < .05) and compared to both the IONP group (P < .05) and the control
group (P < .01) at the 120 degree angle. No significant difference was observed
at any angle between the IONP group and the control group (Figure 8).
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Figure 8. Mean (SEM) clavicular elevation during arm elevation. IONP=insidious
onset neck pain, WAD=whiplash associated disorders. *statistically significant
difference between WAD and control (P<0.05) fstatistically significant difference
between WAD and IONP (P<0.05)

For clavicular retraction there was a significant angle by side interaction,
whereby the participants responded differently for sides [F (1.236, 48.366) =
14.875, P < .05]. Post hoc comparison revealed significant differences between
the right and left sides at the 30 (P < .01), 60 (P < .01) and 90 degree angles (P <
.01), where a reduced clavicular retraction was observed on the right side
compared to the left side. However, there was no significant difference at 120
degrees (P = .2) (Figure 9).There was no significant main effect of group [F (2,
61) = 2.742, P = .07]. Despite being a non-significant finding the tendency was
explored by post hoc comparison which revealed significant differences between
the IONP group and the control group. The IONP group, on average had 3.3
(1.5) degrees less clavicular retraction across angles and sides than the control
group (/P/ = .04) and the WAD group on average had 2.9 (1.5) degrees less
clavicular retraction across angles and sides than the controls (/P/ = .06).

For scapular tilt the groups responded differently for sides [F (2, 61) = 4.492, P = .01].
Group differences, therefore, were assessed for each side. Post hoc comparisons
revealed no significant differences between the symptomatic groups and the control
group on either side, but a significant overall difference was observed between the 2
symptomatic groups on the left side (P < .05) where the WAD group, on average
demonstrated less scapular posterior tilt than the IONP group (Figure 10). Whereas the
control group demonstrated no interlimb differences (P = .56), the IONP group
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demonstrated a 3.5 degree greater scapular posterior tilt on the left side (P < .01).
Conversely, the WAD group scapular posterior tilt was greater by 3.5 degree on the
right side, although this did not reach statistical significance (P = .06).
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Figure 9. Mean (SEM) clavicular retraction during arm elevation for the right and
left sides. *significant interlimb difference (P<0.01).
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Figure 10. Mean (SEM) posterior tilt of the scapula through arm elevation for the
left and right sides. IONP=insidious onset neck pain. WAD= whiplash associated
disorders. *statistically significant difference between WAD and IONP (P <0.05).
There were no group main effects or interactions for scapular upward rotation
and internal rotation. Summary kinematic group data are illustrated in Table 3,
Figures 11 and 12.
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Table 3. Summary group data, demonstrating the mean (degrees) and SEM during
arm elevation. Clavicular elevation was significantly increased in the WAD group
compared to the control group at the 90 and 120 degree angle but only at the 120 degree
angle compared to the IONP group. Clavicular retraction was significantly reduced in all
groups on the right side compared to the left side at the 30, 60 and 90 degree angle, but
not the 120 degree angle. Scapular tilt was significantly different between the IONP and
WAD group on the left side where the WAD group demonstrated reduced posterior tilt
and the IONP group increased posterior tilt.

Left side Right side
control IONP WAD control IONP WAD
(n=20) (n=21) (n=23) (n=20) (n=21) (n=23)
mean SEM mean SEM mean SEM mean SEM mean SEM _mean SEM
Clavicle elevation (+)
30 12.3 16 11.2 16 15.0 16 109 1.4 11.3 2.0 11.8 20
60 14.5 12 14.2 1.7 17.9 17 13.6 16 14.0 23 15.3 22
90 17.1 13 17.9 17 21.4 17 15.7 17 16.8 2.4 18.4 24
120 19.6 12 21.2 1.7 241 16 17.7 17 19.3 2.4 21.2 23
Clavicle retraction (+)
30 279 14 27.0 20 25.2 19 24.8 1.4 20.4 19 21.9 19
60 29.6 14 28.3 20 26.6 19 26.8 1.4 22.4 2.0 233 19
90 | 325 1.4 29.8 1.9 285 1.9 30.3 15 26.0 2.1 26.8 2.1
120 | 373 15 33.6 21 324 2.0 35.9 16 317 22 32.8 2.2
Scapular posterior tilt (+)
30 | -1268 17 -11.2 24  -153 2.4 -11.3 13 -143 18 -11.6 1.8
60 | -10.8 1.8 8.7 25  -132 2.4 9.8 14  -116 2.0 -10.1 1.9
90 9.4 18 6.2 25 11.7 2.4 7.4 14 9.1 2.0 8.3 1.9
120 -4.2 1.8 -0.9 25 -6.8 25 -5.3 1.7 -5.4 2.4 -4.8 23
Scapular upward rotation (+)
30 0.0 1.4 -0.8 19 -0.7 19 -2.0 1.6 -2.6 22 -3.6 21
60 6.5 15 53 21 5.8 2.0 5.6 16 3.4 23 29 2.2
90 14.9 15 13.3 22 14.2 21 135 16 11.0 22 10.9 2.2
120 246 1.7 233 24 241 23 219 1.6 19.2 23 20.1 23
Scapular internal rotation (+)
30 25.7 14 23.0 20 23.0 19 27.7 13 28.6 18 26.4 1.8
60 27.2 13 245 1.8 25.8 1.8 29.1 13 30.4 18 28.6 1.8
90 28.6 13 25.9 18 28.0 18 30.2 1.4 315 19 30.0 19
120 25.4 12 231 17 25.1 17 26.7 13 28.1 18 26.8 18
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Figure 11 (A-B). Summary kinematic group data, demonstrating the mean (SEM)
of the: Clavicular elevation (A) and clavicular retraction (B).
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Figure 12 (A-C). Summary kinematic group data, demonstrating the mean (SEM)
of the: Scapular posterior tilt (A), scapular upward rotation (B) and scapular
internal rotation (C).

5.3 Muscle recruitment

There was no significant difference in age, weight and height between the three groups
but a significant difference was found in the level of pain and disability between the
symptomatic groups, where the WAD had a significantly higher pain (VAS) (P = .03)
and disability level (NDI) (P =.04) compared to the IONP group.

The ANOVA revealed a significant difference in the onset of muscle activation
for the right (P < .01) and left (P < .01) serratus anterior between the three
groups. Post hoc comparison for the right side revealed a significantly delayed
onset of muscle activation in the IONP group (P =.02), and in the WAD group
(P < .01) compared to the control group. For the left side there was also a
significantly delayed onset of muscle activation in the IONP group (P < .01),
and in the WAD group (P = .02) compared to the control group. There was no
significant difference found between the two symptomatic groups.

The Kruskal-Wallis test revealed a significant difference between the three
groups in the onset of the right serratus anterior (P =.01) and in the left serratus
anterior (P < .01). The Mann-Whitney test for the right side revealed a
significantly delayed onset of muscle activation of the serratus anterior in the
IONP group (P =.04), and in the WAD group (P < .01) compared to the control
group. For the left side there was also a significantly delayed onset of muscle
activation of the serratus anterior in the IONP group (P < .01), and in the WAD
group (P = .02) compared to the control group.
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No significant difference was found in the activation of the trapezius between
the three groups. Figure 13 demonstrates the mean and standard error of the
onset of muscle activation in the three groups.
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Figure 13. Mean (SEM) of the Upper Trapezius (UT), Middle Trapezius (MT),
Lower Trapezius (LT) and the Serratus Anterior (SA) in the control group, IONP
group and the WAD group. *statistically significant difference between the
symptomatic groups compared to the control group (P <.05).

5.4  Alignment of the cervical and thoracic spine

There was no significant difference in age, weight and height between the three groups
but a significant difference was found in the level of pain and disability between the
symptomatic groups, where the WAD had a significantly higher pain (VAS) (P = .03)
and disability level (NDI) (P =.04) compared to the IONP group.

The ANOVA revealed a significant difference in the cranial angle (P < .01) and a
tendency was observed in the cervical angle (P = .07) between the three groups. Post
hoc comparison showed a significantly smaller cranial angle in the IONP group (P =
.02) and the WAD group (P = .03) compared to the control group. Despite being a
non-significant finding the tendency for the cervical angle was explored by post hoc
comparison. The WAD group tended to have smaller cervical angle than the IONP
group (P =.07). No difference was found in the mid-thoracic curve (P = .99) between
the three groups. Summary group data are demonstrated on Figure 14 except for MTC
where no visual difference was observed.

37



a0 - *
@ 70 @& control
2 | [OHNP
2 s
& OWAD

EE - ’4'—._'7

a0 T

Cranial angle Cervical angle

Figure 14. Columns demonstrating the mean and the 95% confidence intervals of the
cranial angle and cervical angle in the three groups. *statistically significant difference
between the symptomatic groups compared to the control group (P < .05).

5.5 Influence of the level of pain and disability

The correlation between the scapular tilt on the left side in the WAD group and
the scores on the NDI was .36 and the VAS was .49. The correlation between the
other dependant variables and the scores on the NDI and VAS was below .30 (r
< .3) when the groups were combined and when they were assessed separately.
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6 DISCUSSION

The results of this research revealed altered scapular orientation and altered
activity in the scapular stability muscles in patients with cervical spine disorders
compared to asymptomatic people. A different manifestation was found between
the two symptomatic groups in some measures of scapular orientation
suggesting that a difference may exist in the impairments experienced by these
two groups of patients. Both symptomatic groups demonstrated reduced cranial
angle but no difference was found in the lower cervical or thoracic alignment
between the three groups. The hypotheses tested in this research were all
supported except for the hypothesis of an altered thoracic alignment in these
patients which was refuted.

6.1  Scapular orientation with arm by the side

The symptomatic groups demonstrated a reduced right clavicular retraction and
the WAD group a reduced left scapular upward rotation, compared to the control
group. On the left side the IONP group showed a reduced clavicular elevation
compared to the controls but the WAD group an increased scapular anterior tilt
compared to the controls and the IONP group (Figure 7). The different
manifestation that was revealed between the two symptomatic groups is an
important finding suggesting that a difference may exist in impairments between
these groups. A different manifestation has been reported in the alignment of the
shoulder girdle between two groups of patients with shoulder problems where
patients with instability demonstrated less elevated shoulders and patients with
impingement syndrome more elevated shoulders on the symptomatic side
compared to the asymptomatic side (Warner et al., 1992). Speculations
concerning the side to side differences between the groups will be discussed in
the next section.

The reduced clavicular retraction observed on the right side in the symptomatic
groups is consistent with previous reports that a reduced clavicular retraction is
more common in patients with neck pain compared to asymptomatic subjects
(Braun, 1991; Szeto et al., 2002; Yip et al., 2008). This may lead to increased
compressive forces in the articulations of the cervical and thoracic spine,
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inducing tension in the muscles in the area (Harrison et al., 2004; Szeto et al.,
2002; Yip et al., 2008). The reduced clavicular retraction may also affect the
muscle activity of the trapezius and the serratus anterior as a recent study has
shown that this orientation influences the scapular stability muscles during
loaded shoulder flexion with changes in EMG activity in the upper and lower
trapezius and the serratus anterior muscle (Weon et al., 2009). A reduced
clavicular retraction has also been associated with reduced median nerve sliding
and paresthesias (Julius et al., 2004).

The reasons for the reduced clavicular retraction may be connected to a decreased
ability of the trapezius to retract and maintain the normal position of the scapula.
The middle trapezius functions as a scapula retractor and the transverse orientated
fibers of the upper and lower trapezius assist this action (Johnson et al., 1994).
Reduced extensibility in the pectoralis minor is also important due to its attachment
to the medial border of the coracoid process on the scapula but the pectoralis major
influence on the scapula may not be so significant while the arms are resting by the
sides (Ludewig & Cook, 2000; Sahrmann, 2002).

The interesting results were the reduced left clavicular elevation in the IONP
group and the increased anterior tilt and reduced scapular upward rotation of the
left scapula in the WAD group. These findings have not been reported
previously in patients with neck pain. The increased anterior tilt of the scapula in
the WAD group may be associated with forward head posture (Thigpen et al.,
2010), short overactive pectoralis minor muscle associated with inefficiency in
the serratus anterior and lower trapezius muscles that fail to control the anterior
tilt of the scapula (Borstad & Ludewig, 2005; Ludewig & Cook, 2000;
Sahrmann, 2002). The reduced clavicular elevation observed in the IONP group
is consistent with previous reports in patients with tension-type headache where
48% of patients with tension-type headache had mild low set shoulders and 9.1%
severe (see introduction) (Nagasawa et al., 1993). This may reflect inefficiency
of the upper trapezius which fails to control normal clavicular elevation against
gravity (Mottram et al., 2009b; Sahrmann, 2002) or an imbalance between the
upper and lower trapezius muscles where the activity of the lower trapezius may
dominate the activity of the upper trapezius (Ludewig et al., 1996).

The reduced scapular upward rotation reflects either long, inefficient upper
trapezius and serratus anterior muscles or short overactive levator scapula and
rhomboid muscles which would simultaneously elevate and retract the clavicle,
and downwardly rotate the scapula (Sahrmann, 2002). The reduced clavicular
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elevation in the IONP group and the reduced scapular upward rotation in the
WAD group is concurrent with Sahrmann’s (2002) statement that the most
common alignment impairments of the shoulder girdle in patients with shoulder
pain is the downwardly rotated alignment of the scapula and the depressed
alignment of the clavicle. It should be noted that a reduced clavicular elevation
as well as a reduced scapular upward rotation (without increased elevation of the
clavicle) maintains a lengthened position of the upper trapezius which induces
excessive strain on the muscle and increases muscle tenderness (Azevedo et al.,
2008). A lengthened position of the upper trapezius may induce tension to the
levator scapula and the rhomboid muscles which may inflict compressive,
rotational and shear forces on the cervical and thoracic spine. This may be an
important mechanism for maintenance, recurrence or exacerbation of neck pain
(Behrsin & Maguire, 1986; Jull, 1997; Jull et al., 2008; Jull et al., 2004b;
Mottram et al., 2009b). This corresponds to studies demonstrating reduced neck
symptoms when patients with neck pain rotate the neck when the shoulder girdle
is passively elevated (Van Dillen et al., 2007).

6.2  Scapular orientation during arm elevation

A significantly reduced clavicular retraction was demonstrated in the
symptomatic groups and the control group on the right side compared the left
side, at the 30, 60 and 90 degree angle, but not the 120 degree angle. The WAD
group demonstrated an increased elevation of the clavicle, compared to the
control group and the IONP group. A tendency for a reduced clavicular
retraction on the right side was observed in the IONP group compared to the
control group. A different finding was demonstrated between the two
symptomatic groups in clavicular elevation and left scapular tilt suggesting that a
difference may exist between the essences of the impairments between these two
groups of patients. The impairments demonstrated in the WAD group are similar
to those reported in patients with shoulder problems (Ludewig & Cook, 2000;
Ludewig & Reynolds, 2009; Lukasiewicz et al., 1999; McClure et al., 2006).

For clavicular retraction an interaction was demonstrated with side and angle.
This finding corresponds to former studies, where clavicular retraction is
typically reduced on the dominant side compared to the non-dominant side
(Sobush et al., 1996) which may be related to more use of the dominant arm
compared to the non-dominant arm. The tendency for a reduced clavicular
retraction observed in the IONP group is consistent with previous reports that a
protracted resting position of the shoulder girdle is more common in patients
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with neck pain compared to asymptomatic people (Braun, 1991; Szeto et al.,
2002). This alignment has been associated with increased cervical curves and
been correlated with increased pain and disability in patients with neck pain
(Braun, 1991; Szeto et al., 2002).

It is considered that reduced clavicular retraction may indicate short overactive
pectoral muscles and inefficiency in the trapezius muscle to retract the scapula
and resist the activity of the serratus anterior. The middle trapezius is the main
retractor but the transverse orientated fibers of the upper- and lower trapezius
assist the action (Johnson et al., 1994; Wickham et al.,, 2009). Reduced
extensibility and over activity in the pectoralis minor through attachment to the
coracoid process and the pectoralis major through attachment to the humerus
may influence the retraction of the scapula (Sahrmann, 2002).

A different finding was revealed between the two symptomatic groups in
clavicular elevation and left scapular posterior tilt where the WAD group
demonstrated increased clavicular elevation and decreased left scapular posterior
tilt compared to the IONP group. This finding corresponds to a coupling
between clavicular elevation and scapular tilt where increased elevation of the
clavicle is coupled with reduced posterior tilt of the scapula (Teece et al., 2008).
This disturbance may reflect inefficiency in the serratus anterior as well as the
lower trapezius that fails to attain normal posterior tilt and prevent excessive
elevation of the scapula (Ludewig & Cook, 2000; Ludewig & Reynolds, 2009;
Sahrmann, 2002). The contribution of the middle trapezius may also be
important to reduce clavicular elevation as it has been demonstrated that a
voluntary reduction of the upper trapezius activity when the arm is elevated,
increases mainly the activity of the rhomboids, the middle trapezius and the
serratus anterior (Palmerud et al., 1998). The reduced posterior tilt is considered
to be associated with a short, overactive pectoralis minor (Sahrmann, 2002).
However, increased activity in the levator scapulae and the rhomboid muscles
(Ludewig et al., 1996) may explain the increased scapular posterior tilt observed
in the IONP group (Sahrmann, 2002).

The increased clavicular elevation demonstrated in the WAD group may be
explained by the increased activity of the upper trapezius in patients with WAD
compared to patients with IONP (Falla et al., 2004; Fredin et al., 1997;
Nederhand et al., 2002) but may also be connected in some way to “neural
guarding” as the upper trapezius may contract to reduce compression on the
brachial plexus (Coppieters et al., 2001).
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The side to side difference in scapular tilt in the IONP group is also an important
finding as asymmetric motion patterns are considered to be evidence of altered
scapular control (Warner et al., 1992). The reason why the decreased posterior
tilt was only demonstrated on the left side (non-dominant) in the WAD group
can not be related to increased symptoms on the left side, as the majority of
patients had bilateral symptoms in the neck area. However, an increased EMG
amplitude has been reported in the left upper trapezius but decreased in the right
trapezius, during repetitive upper limb task in patients with cervical disorders
compared to asymptomatic people (Falla et al., 2004a). The author of this thesis
suggests that the side to side differences may be in some way connected to less
usage and less awareness of the non-dominant arm compared to the dominant
arm, in association with decreased proprioception around the shoulders in these
patients (Sandlund et al., 2006).

These results suggest that an altered dynamic stability of the scapula may be present
in patients with cervical spine disorders and demonstrate a difference in the
impairments between patients with IONP and WAD. The results suggest that similar
disturbances may be found in patients with WAD, as in patients with shoulder
disorders (Ludewig & Reynolds, 2009), but imply that patients with IONP may have
different impairments than those that have previously been reported.

6.3 Muscle recruitment

Both symptomatic groups demonstrated a significantly delayed onset of muscle
activation of the serratus anterior compared to the control group. This is an
important result as research on the serratus anterior in patients with shoulder
disorders has concluded that this muscle is the main stabiliser of the scapula during
upper limb tasks (Kibler & McMullen, 2003). This finding may have implications
for scapular stability in these patients as the delayed activity in the serratus anterior
may reflect inconsistent or poorly coordinated muscle activation that may reduce the
quality of neuromuscular performance (Inman et al., 1996; Kibler & McMullen,
2003; Mottram, 1997; Wadsworth & Bullock-Saxton, 1997).

Aforementioned study conducted by Falla et al. (2007a) demonstrated how
experimental pain in healthy subjects’ resulted in reorganization of the activity
of trapezius during shoulder flexion. On the painful side decreased activity was
demonstrated in the upper trapezius but increased activity in the lower trapezius.
However, the upper trapezius on the contralateral side to the pain demonstrated
increased activity. These findings demonstrate that pain in the upper trapezius
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changes the motor control in the upper and lower trapezius not only on the
painful side but also on the contralateral side (Falla et al., 2007a). Therefore
“null effects” may influence the results for trapezius in this current study as
some patients may demonstrate a delayed onset which is disintegrated by an
early onset in others.

The delayed onset of muscle activation of the serratus anterior in patients with
cervical spine disorders corresponds to what has previously been reported in
patients with shoulder disorders (Wadsworth & Bullock-Saxton, 1997). The
similarity found in both cervical and shoulder disorders indicates that the
delayed activity in the serratus anterior may be a general response to a chronic
pain condition in the cervical or shoulder area. The fact that no difference was
found between the two symptomatic groups does therefore not confirm
homogeneity of the symptomatic groups, but rather suggests that the disturbance
in muscle activity occurs as a general response to chronic pain condition in the
area. This hypothesis is supported by studies reporting bilateral delayed onset of
muscle activation in the scapular muscles of patients with unilateral shoulder
disorders (Cools et al., 2003; Wadsworth & Bullock-Saxton, 1997).

It has been argued that the presence of pain in the neck area may lead to altered
activity in the scapular muscles due to changes in the “feed-forward” response of
the nervous system (Falla, 2004) or due to selective reflexive inhibition (Sterling
et al., 2001). This altered activity may occur to minimize the activation of the
painful muscles (Nederhand et al., 2003) or may reflect effort to compensate for
inhibited muscles (Jull et al., 2004a).

6.4  Alignment of the cervical and thoracic spine

The symptomatic groups demonstrated a reduced cranial angle compared to the
control group, and a tendency for a difference in the cervical angle was observed
between the symptomatic groups. No difference was found in the thoracic
alignment between the three groups.

The reduced cranial angle observed in the symptomatic groups (Figure 14) is
consistent with previous reports that a forward head posture, a combination of
lower cervical flexion, upper cervical extension and protraction of the shoulder
girdle, is more common in patients with neck pain compared to asymptomatic
subjects (Braun, 1991; Paris, 1990; Szeto et al., 2002; Yip et al., 2008). This
may lead to increased compressive forces in the articulations of the cervical and
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thoracic spine and induce tension in the stability muscles in the area (Harrison et
al., 2004, Szeto et al., 2002; Yip et al., 2008).

The differences in the cranial angle may be caused by an increased lordotic
alignment of the Atlas, which is the main lordotic segment in the cervical spine
(Kristjansson, 2004). The decreased cranial angle and differences in the cervical
lordosis may reflect altered muscle activity in the deep cervical flexors observed
in patients with neck pain. Interestingly an increased activity has been observed
in the sternocleidomastoid and the anterior scalenes with altered motor control
strategies of the deep cervical flexors (Falla et al., 2004b; Falla & Farina, 2005;
Jull et al., 2004a; Jull et al., 2004b; Szeto et al., 2005a). It has been suggested
that the changes in the alignment of the cervical spine, noted in the WAD group
is a compensation strategy for the reduced weight bearing capacity of the
cervical spine after motor vehicle collisions (Kristjansson, 2004). Altered
activity in the cervical flexors, in patients with WAD may develop because of
pain and the aforementioned biomechanical changes (Kristjansson, 2004).

6.5 Influence of the level of pain and disability

The fact that the correlation between the dependant variables and the scores on
the NDI and the VAS was not higher (r < 0.5) suggests that pain or impairment
in the neck area may partly be associated with dynamic stability of the scapula
that is probably multifactorial in its genesis.

It should be noted that the patients that participated in the research all had a
disabling neck pain that had lasted more than 6 months which is considered to be
a chronic pain condition and quite serious for that matter. So as long as the
symptoms have reached score of at least 10 on the NDI and lasted more than six
months, there does not seem to be any augmentation of the disturbances with
higher level of pain and disability.

There was a significant difference in the pain and disability level between the
symptomatic groups where the WAD group demonstrated higher scores
compared to the IONP group. Excluding those WAD participants who had
severe disability (NDI > 50) in effort to attune the level of pain and disability in
the symptomatic groups, influenced the scapular anterior tilt and the scapular
upward rotation in the WAD group but did not affect the different manifestation
observed between the symptomatic groups.
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6.6  Clinical importance

The results of this study confirm the presence of an altered dynamic stability of
the scapula in patients with cervical spine disorders and demonstrate a difference
in the impairments between patients with IONP and WAD. The results suggest
that similar disturbances may be found in patients with WAD, as in patients with
shoulder disorders (Jull et al., 2008) but imply that patients with IONP may have
different impairments than those that have previously been reported in patients
with shoulder problems.

The reduced clavicular elevation in the IONP and the increased clavicular elevation
in the WAD group may reflect differences in the muscle activity level of the upper
trapezius in these two groups of patients (Falla et al., 2004a; Nederhand et al., 2002;
Nederhand et al., 2003). The combination of reduced clavicular elevation and
increased scapular posterior tilt demonstrated in the IONP group on the left side
supports recent suggestions that increased clavicular elevation is coupled with
increased scapular anterior tilt and vice versa (Teece et al., 2008). The increased
scapular posterior tilt in the IONP group may therefore correspond to the decreased
clavicular elevation but may also occur due to increased activity in the levator
scapulae and the rhomboid muscles, to compensate for inefficient upper trapezius
(Ludewig et al., 1996; Sahrmann, 2002).

One of the most important finding is the reduced clavicular elevation and the
reduced scapular upward rotation in patients with cervical spine disorders which
may reflect long inefficient upper trapezius (Mottram et al., 2009b). These
findings highlight the need to explore the relationship between the alignment of
the shoulder girdle and altered muscle function. This information may have
important implications for clinical practice as current therapeutic guidelines,
intended to restore normal stability of the scapula, often include exercises that
reduce the upper trapezius activity but increase the activity of the lower
trapezius and serratus anterior. These guidelines are based on results of shoulder
studies which demonstrate increased clavicular elevation and upper trapezius
activity during upper limb tasks (Cools et al., 2007a; Cools et al., 2007b; Cools
et al., 2003; Ludewig & Cook, 2000; Ludewig & Reynolds, 2009). The results of
this research demonstrate that these therapeutic guidelines, developed for
patients with shoulder problems, are in many cases, not appropriate for patients
with cervical spine disorders and might further increase the impairments. They
also confirm the need to identify disturbances in the scapular alignment in each
subject to provide appropriate treatment (Comerford & Mottram, 2010a; Jull et
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al., 2008; Sahrmann, 2002). Based on these findings it is suggested that
guidelines intended to restore normal scapular function in patients with shoulder
disorders, as well as the general application of stretches intended to elongate and
reduce the activity in the upper trapezius should be reconsidered before they are
applied to patients with cervical spine disorders.

The altered stability of the scapula in patients with cervical spine disorders reflected
by deficit in the coordinate activity of the scapular stability muscles and altered
scapular orientation has the potential to induce aberrant forces on the cervical and
thoracic spine, sustaining symptomatic mechanical dysfunction in the area and may
be responsible for maintaining periods of recurrence or exacerbation of neck pain
(Behrsin & Maguire, 1986; Jull et al., 2008).

6.7 Limitations

Five factors are considered a limitation of the study. First, the fact that the
measurements were done in sitting, since a difference in the sitting position
between the three groups may have led to differences observed. However, the
sitting position was standardized by adjusting the height of the chair for each
subject, by using an obliquely aligned cushion, by ensuring that the sacrum was
in contact with the back of the chair and by placing the feet parallel on the floor.
As the results demonstrate an equivalent alignment of the thoracic spine in all
three groups (P = .99) it may be concluded that the sitting position was similar in
all three groups and therefore did not affect the results of the study. Secondly,
the results present mean values for each group, but a great variability was
observed within each group. Therefore these findings may not be generalized to
all patients with neck pain. Thirdly, evaluating for restriction in extensibility in
the pectoralis minor muscle may have provided information about the
relationship of a restriction to altered alignment of the shoulder girdle (Borstad
& Ludewig, 2005). Fourthly, during arm elevation, surface sensors may be
distorted by skin motion which is however considered minimal within the first
120 degrees of arm elevation (Karduna et al., 2001). Fifthly, there is a possibility
of cross talk when surface EMG is used. However, fine wire electrodes
measuring only few muscle fibers are not considered a good choice investigating
large muscle groups as the scapular stability muscles where a more global
evaluation of muscle activity is needed. Careful placement of electrodes in line
with orientation of muscle fibers is the best way to avoid crosstalk from nearby
muscles; however the possibility of a crosstalk has to be taken into consideration
even though the best common practice to avoid it was used.
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6.8 Future directions

Further studies are needed to provide information concerning the contribution of
the scapular muscles in maintaining normal scapular orientation with arms by
the sides and during arm elevation, in patients with cervical spine disorders.
Information is needed to find out if the upper trapezius demonstrates
proportionally a reduced activity when the arms are by the sides in patients with
IONP compared to asymptomatic people, and whether the activity proportionally
increases when the arm is elevated or is also low during arm elevation and the
contribution of levator scapulae and the rhomboid muscles is increased. Fine
wire electrodes, measuring the activity of the levator scapulae and the rhomboid
muscles, while surface EMG measure the activity of the trapezius and the
serratus anterior would provide further information about the contribution of
each muscle. The findings that point to a long inefficient upper trapezius, call for
therapeutic approaches that emphasize on a more efficient activity in the muscle
in posture and ways to improve the endurance of the muscle in maintaining
proper orientation of the scapula along with other parts of the trapezius and the
serratus anterior. A more controlled muscle activity and coordination during
upper limb activities in the upper trapezius may also be required. Studies are
therefore needed to develop exercises which address inefficiency in all parts of
the trapezius as well as the serratus anterior. Future studies are also needed to
determine whether the association between altered activity in the scapular
stability muscles and neck pain is a primary or a secondary phenomenon.
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7 CONCLUSIONS

The results of this research demonstrate an altered stability of the scapula in
patients with cervical spine disorders which may be an important mechanism in
the maintenance, recurrence or exacerbation of symptoms. A different mani-
festation was observed between the symptomatic groups suggesting that a
difference may exist between the essences of the impairments between these two
groups of patients. The fact that the correlation between the dependant variables
and the scores on the NDI and the VAS was not higher (r < .5) suggests that pain
or impairment in the neck area may partly be associated with stability of the
scapula that is probably multifactorial in its genesis.

7.1  Scapular orientation with arm by the side

The symptomatic groups demonstrated a reduced right clavicular retraction and the
WAD group a reduced left scapular upward rotation compared to the control group.
There was a significant difference in the scapular orientation between the IONP
group and the WAD group. The IONP group revealed a reduced elevation of the left
clavicle compared to the control group but the WAD group revealed increased
anterior tilt of the left scapula compared to the control group and the IONP group.

7.2 Scapular orientation during arm elevation

The WAD group demonstrated increased elevation of the clavicle compared to the
control group and the IONP group. A different finding was demonstrated between
the two symptomatic groups in clavicular elevation and left scapular tilt. A
significantly reduced clavicular retraction was demonstrated in the symptomatic
groups and the control group on the dominant side compared the non-dominant side,
at the 30, 60 and 90 degree angle, but not the 120 degree angle. The IONP group
demonstrated a tendency for a less retracted position of the right clavicle compared
to the control group.

7.3 Muscle recruitment

A significantly delayed onset of muscle activation in the serratus anterior was
demonstrated in the symptomatic groups compared to the control group. This
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disturbance may reflect inconsistent or poorly coordinated muscle activation that
diminishes the quality of neuromuscular performance, altering the normal
stability of the scapula in these patients. The results revealed no difference
between the two symptomatic groups.

7.4  Alignment of the cervical and thoracic spine

The symptomatic groups demonstrated a reduced cranial angle compared to the
control group and a tendency was found for a reduced cervical angle in the
WAD group compared to the IONP group. The decreased cranial angle and
differences in the cervical lordosis may reflect altered muscle activity in the
deep cervical flexors observed in patients with neck pain. No difference was
found in the thoracic alignment between the three groups.
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I Grunnupplysingar

Vinsamlega merktu X vid annadhvort A eda B:

» Eg hef haft verki i halsi og/eda herdum en hef ekki ordid fyrir halshnykks
averka eftir bilslys

B

B-

Eg hef haft verki i halsi og/eda herdum eftir halshnykksaverka

ég hafdi enga verki i halsi fyrir halshnykksaverkann

Il Spurningalisti um hélsverki

Vinsamlega merktu vid pad svar sem lysir vandamali pinu best.

Verkur

Eg hef enga verki sem stendur
Verkir eru vaegir sem stendur
Verkir eru nokkrir sem stendur
Verkir er p6 nokkrir sem stendur
Verkir er mjog miklir sem stendur

Verkir geetu ekki verid verri sem stendur

Hirding eigin likama (pvottur, kleednadur o.fl.)

0

1

2

Eg sinni eigin porfum edlilega an pess ad verkir versni
Eg sinni eigin porfum edlilega en pad eykur verkina

Verkirnir versna pad mikid er ég sinni eigin porfum ad ég verd ad fara
mér hagt og varlega

Eg sinni ad mestu eigin porfum en parf po svolitla adstod vid pad
Eg parf adstod ad mestu leyti til ad sinna eigin porfum

Eg get ekki kledst eda pvegid mér vegna svo mikilla verkja ad ég er
mikinn hlutann dagsins i raminu
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Burdur

o Eg get lyft upp pungum hlutum an pess ad verkir aukist

Eg get lyft pungum hlutum en verkirnir aukast vid pad

» Vegna verkja get ég ekki tekid upp punga hluti af gélfinu en get lyft
peim ef peir eru vel stadsettir, t.d. & bordi

s Vegna verkja get ég ekki lyft pungum hlutum en get lyft léttum og
medalpungum hlutum ef peir eru stadsettir paegilega

» Eg get eingdngu lyft mjog léttum hlutum

s Eg get hvorki lyft upp hlutum né borid pa

Lestur

o Eg get lesid ad vild an verkja i halsi

. Eg get lesid ad vild en finn fyrir verkjum i halsi

, Eg get lesid ad vild en finn fyrir p6 nokkrum verkjum i halsi

s Eg get ekki lesid ad vild vegna verkja i halsi

» Eg get varla lesid vegna mikilla verkja i halsi

s Eg get ekki lesid neitt vegna verkja i halsi

Hofuoverkir

o Eg fe enga hofudverki

. Eg fe milda hofudverki sem koma sjaldan

, Eg fae mikla h6fudverki sem koma sjaldan

s Eg fae milda hofudverki sem koma oft

» Eqg fe mikla héfudverki sem koma oft

s Eg er nanast alltaf med héfudverki
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Einbeiting
o Eg get einbeitt mér ad fullu pegar ég vil, an erfidleika
. Eg get einbeitt mér ad fullu pegar ég vil, med nokkrum erfidleikum

, Egaismavandradum med ad einbeita mér pegar ég vil

s Egaip6 nokkrum vandraedum med ad einbeita mér pegar ég vil

» Egaimiklum vandreedum med ad einbeita mér pegar ég vil

s [Eg get alls ekki einbeitt mér

o Eg get unnid vinnu min &n pess ad verkir versni

. Eg get unnid vinnu mina, en verkir versna vid pad

, Eg get unnid halfa vinnu prétt fyrir verkina

s Eg get unnid 2-4 klst. pratt fyrir verkina

» Eg get unnid minna en 2 klst. vegna verkjanna

s Eg get ekkert stundad vinnu vegna verkjanna

Akstur

o Eg get ekid bifreid ad vild &n pess ad verkir versni

. Eg get ekid bifreid ad vild en verkir versna vid pad
» Eg get ekid bifreid i meira en 4 Kist. pratt fyrir verki
s Eg get ekid bifreid i 2-4 Klst. pratt fyrir verki

» Eg get ekid bifreid i minna en 2 Klst. vegna verkja

s Eg get ekki ekid bifreid vegna verkja

o Egéiengum vandredum med svefn

. Svefninn raskast nanast ekkert (minna en 1 klukkustund & nottu)

> Svefninn raskast svolitid (1-2 klukkustundir & nottu)

5 Svefninn raskast pd nokkud (2-3 klukkustundir & nottu)
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+ Svefninn raskast mikid (3-5 klukkustundir & néttu)

s Eg ligg andvaka & nottunni vegna verkja

Félagslif
o Eg lifi edlilegu félagslifi an pess ad verkir aukist

. Eg lifi edlilegu félagslifi en verkirnir aukast vid pad

> Verkirnir koma i veg fyrir mikla hreyfingu, t.d. dans, en ad 6dru leyti lifi
ég edlilegu félagslifi

s Verkirnir hafa talsverd ahrif a félagslif mitt og ég fer minna Gt en adur

+ Verkirnir hafa veruleg ahrif & félagslif mitt og ég fer mun minna Gt en
aour

s Verkirnir koma alveg i veg fyrir allt félagslif

Il Kvardi fyrir halsverki (verkir sidustu 7 daga)

Merktu vid med krossi & linuna, magn verkja pegar peir eru i hAmarki

0 1 2 3 4 5 6 7 8 9 10

Engin verkur mestu mogulegu verkir

Merktu vid med krossi & linuna, magn verkja pegar peir eru i lagmarki

0 1 2 3 4 5 6 7 8 9 10

Engin verkur mestu mogulegu verkir

Merktu vid med krossi & linuna, magn verkja ad jafnadi

0 1 2 3 4 5 6 7 8 9 10

Engin verkur mestu mogulegu verkir
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Digitized anatomical landmarks

Thorax:

C7: Processus spinosus of the 7" cervical vertebra

T8: Processus spinosus of the 8" thoracic vertebra

1J: Deepest point of Incisura Jugularis (suprasternal notch)

PX: Processus Xiphoideus, most caudal point of the sternum

Clavicle:
SC: Most ventral point on the sternoclavicular joint

AC: Most dorsal point on the acromioclavicular joint

Scapula:

TS: Trigonum Spinae Scapulae, the midpoint of the triangular
surface on the medial border of the scapula in line with the
scapular spine

Al: angulus inferior most caudal point of the scapula

AA: Angulus acromialis most laterodorsal point of the scapula
Humerus:

EL: Most caudal point on lateral epicondyle

EM: Most caudal point on medial epicondyle
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The coordinate system

Thorax coordinate system

Ot: The origin coincident with 1J.

Yt: The line connecting the midpoint between PX and T8 and
the midpoint between IJ and C7, pointing upward.

Zt: The line perpendicular to the plane formed by

1J, C7, and the midpoint between PX and T8, pointing to the
right.

Xt: The common line perpendicular to the Zt- and

Yt-axis, pointing forwards.

Joint coordinate system and motion of the thorax relative to the

global coordinate system:

el: The axis coincident with the Zg-axis of the global
coordinate system.

Rotation (aGT): flexion (negative) or extension (positive).

e3: The axis fixed to the thorax and coincident with the Yt-axis
of the thorax coordinate system.

Rotation (gGT): axial rotation to the left (positive) or to the right
(negative).

e2: The common axis perpendicular to el and e3, i.e., the
rotated Xt-axis of the thorax.

Rotation (bGT): lateral flexion rotation of the thorax, to the right
is positive, to the left is negative.

Clavicle coordinate system:

Oc: The origin coincident with SC

Zc: The line connecting SC and AC pointing to AC
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Xc: The line perpendicular to Zc and Yt, pointing forward (Yt:
the line connecting the midpoint between processus xiphoideus
and the midpoint between incisura jugularis and C7, pointing
upward.

Yc: The common line perpendicular to the Xc and Zc, pointing
upward

Joint coordinate system and motion for the clavicle relative to
the thorax:

el: The axis fixed to the thorax and coincident with the Yt-axis
of the thorax.

Rotation: retraction (negative) or protraction (positive).

e2: The axis fixed to the clavicle and coincident with the Zc-
axis of the clavicle coordinate system

Rotation: axial rotation of the clavicle: rotation of the top
backwards is positive, forward is negative. This rotation will not
be evaluated.

e3: The common axis perpendicular to el and e3, the rotated
Xc axis.

Rotation: elevation (negative) or depression (positive).

Scapula coordinate system

Os: the origin coincident with AA.
Zs: the line connecting TS and AA, pointing to AA.

Xs: the line perpendicular to the plane formed by Al, AA and
TS, pointing forward.

Ys: the common line perpendicular to the Xs- and Zs- axis,
pointing upward.
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Joint coordinate system and motion for the scapula relative to
the thorax:

el: the axis fixed to the thorax and coincident with the Yt-axis
of the thorax coordinate system.

Rotation: retraction (negative) or protraction (positive)

e3: the axis fixed to the scapula and coincident with the Zs-axis
of the scapular coordinate system (scapular spine).

Rotation: anterior (negative) or posterior (positive) tilt.
e2: the common axis perpendicular to el and e3.

Rotation: lateral (negative) or medial (positive) rotation.

Humerus coordinate system

Oh: the origin coincident with GH.

Yh: the line connecting GH and the midpoint of EL and EM
pointing to GH

Xh: the line perpendicular to the plane formed by EL, EM, and
GH, pointing forward.

Zh: the common line perpendicular ti the Yh- and Zh-axis,
pointing to the right.

Joint coordinate system and motion for the humerus relative to
the thorax:

el: the axis fixed to the thorax and coincident with the Yt-axis
of the thorax coordinate system.

Rotation: plane of elevation, 0°is abduction, 90°is forward
flexion.

e3:axial rotation around the y axis

Rotation: axial rotation, internal- (positive) or external rotation
(negative)
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e2: the axis fixed to the humerus and coincident with the Xh-
axis of the humerus coordinate system.

Rotation: elevation (negative)

(Wu, van der Helm et al. 2005).
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ABSTRACT
Objectives: To investigate whether there is a pattern of altered activity in the
trapezius and serratus anterior (SA) in patients with insidious onset neck pain
(IONP) and whiplash associated disorder (WAD) compared to asymptomatic
people.
Background: Altered activity in the axioscapular muscles is considered to be an
important feature in patients with cervical disorders. The recruitment of the
trapezius and SA during arm elevation has not been investigated in these
patients until now.
Design: Controlled laboratory study using a cross-sectional design.
Setting: Research Centre of Movement Science at the Department of
Physiotherapy, University of Iceland.
Methods: Surface electromyography was used to measure the onset of muscle
activation of the upper, middle, and lower trapezius as well as the SA during
unilateral arm elevation in patients with IONP (n=22) and WAD (n=27). An
asymptomatic group was selected for baseline measurements (n=23).
Results: There were no group main effects or interaction effects for upper,
middle and lower trapezius. With no interaction, the main effect for serratus
anterior was statistically significant among the groups [F (2,70) =5.214, p. <
.01]. Post hoc comparison revealed a significantly delayed onset of muscle
activation in the IONP group (P < .05), and in the WAD group (P < .01)
compared to the asymptomatic group.
Conclusions: This finding may have implications for scapular stability in these
patients as the delayed activity in the SA may reflect inconsistent or poorly
coordinated muscle activation that may reduce the quality of neuromuscular

performance.

Key words: Neck pain, whiplash, onset, scapula, EMG.



INTRODUCTION
Scapular control includes the ability to maintain normal orientation of the scapula
with the arms by the side and during all activities of the upper limb. The muscular
system is primarily responsible for scapular control as the sternoclavicular joint is the
only bony-ligament attachment of the shoulder girdle to the trunk [1]. All muscles
that are attached to the shoulder girdle contribute to its stability, but in different
degrees [2]. So far the literature has focused on contributions of the trapezius and
serratus anterior muscles in maintaining scapular orientation and the activity and
extensibility of the pectoralis minor, levator scapulae and rhomboids that may
compromise the muscle balance [1-4]. Itis considered that normal stability of the
scapula requires optimal function of the trapezius and the serratus anterior that
depends not only on the force production but also on neuromuscular control and
recruitment of the muscles. The precise co-ordinated activity that occurs at the right
moment, creating the right amount of force, maintained for the right length of time is
considered necessary for normal scapular control [1,2]. The proper firing pattern and
recruitment requires coupling of the upper-, middle- and lower trapezius with the
serratus anterior muscle that results in “force couples” to stabilize the scapula
[1,4,5]. The co-ordination is built on proprioception which is linked to the sensation of
position and movement of the joints, the sensation of force, effort and heaviness
associated with the muscular activity; and the perceived timing of muscle contraction
[2,6]. Muscle recruitment deficits are manifested by an altered pattern of recruitment
or an altered timing (early or delayed muscle onset) [2].
Biomechanical reasoning indicates that altered activity in the axioscapular
muscles may induce detrimental load on the cervical spine [7-9]. Studies have
shown that increased tension in muscle such as the levator scapulae through its
attachment to the upper four cervical segments may directly induce
compressive, rotational and shear forces on cervical motion segments [7].
Increased tension in the upper trapezius has also the potential to produce
compression or tissue distortion through its superior attachment [10]. Altered
activity in the axioscapular muscles may therefore create or sustain symptomatic
mechanical dysfunction in the cervical spine, and influence the recurrence of
neck pain [7-9,11].



Altered activity in the axioscapular muscles is considered to be an important feature
in patients with cervical disorders. Current therapeutic guidelines for these patients
include analyzes of the function of these muscles followed by appropriate training if
a dysfunction is detected [1,9,11,12].

The presence of pain in the neck area has been associated with an altered activity in
the trapezius muscle [13]. Electromyography studies in patients with neck pain have
reported altered activity in the upper and lower trapezius during upper limb tasks
[13,14] but the recruitment properties of the trapezius and function of the serratus
anterior has until now not been investigated in these patients.

Due to lack of research in this field, therapeutic guidelines intended to restore
normal scapular function in patients with cervical disorder are based on the
results of shoulder studies [11]. It is considered that similar disturbances may be
found in these patients, as in patients with shoulder disorders, but this has not
been confirmed [11].

The aim of this study was to investigate whether there is a pattern of altered
activity in the trapezius and serratus anterior during arm elevation in patients
with insidious onset neck pain (IONP) and whiplash associated disorder (WAD)
compared to asymptomatic subjects. The hypothesis was that patients with

cervical disorders demonstrate a pattern of altered activity in these muscles.

METHOD
Participants
This study was approved by the Bioethics Committee of Landspitali University
Hospital and all participants signed a consent form. Since a difference may exist
in the impairment between patients with IONP and WAD [15-18] this study
included two groups of patients: Groupl with IONP and Group 2 with WAD,
grade I, following a motor vehicle accident [19] WAD grade Il is described as
neck complaint of pain, stiffness, or tenderness and musculoskeletal signs which
include decreased range of motion and point tenderness [19]. Twenty two
patients with IONP (20 women and 2 men) and twenty seven patients with WAD
(24 women and 3 men) were recruited at physical therapy clinics on a voluntary
basis, in the Reykjavik municipal area. A sample of convenience consisting of

twenty three asymptomatic people (18 women and 5 men) served as controls



(Table 1). All subjects were right handed. The majority of those referred were
women and the men referred were more frequently excluded because of
shoulder problems and because of history of an injury to the upper extremity
(especially due to clavicle fractures). Therefore, our symptomatic samples
randomly included mostly women. The subjects in the control group were
selected to match the subjects in the symptomatic groups, according to their
height, weight, age and gender and physical activity level. Physical activity level
was assessed by asking whether the subject engaged in some kind of physical
activity on regular bases (sports, exercises etc.). If the answer was yes the
subject was asked what kind of physical activity and how many times per week.
Demographic information (height, weight, age, gender and physical activity level)
was collected. Disability was measured by the Neck Disability Index (NDI),
which is a self reporting instrument for the assessment of activities of daily living
of sufferers of disabling neck pain [20]. Pain intensity was evaluated with a 10-
cm Visual Analogue Scale (VAS) anchored by no pain and pain as bad as it can
be. The VAS was used to indicate the average intensity of neck pain
experienced over the past seven days.

Inclusion criteria for the pain groups were: age 18 to 55, a score of at least 10 on the
NDI and neck symptoms that had lasted more than six months. Score below 10 (of
100) on the NDI are scored as ‘no disability’ [20] and symptoms that have lasted
more than six months are considered chronic [21]. Participants were allocated to
one of the two following groups: Group 1 consisted of patients with IONP with no
history of any accident or whiplash injury. Group 2 consisted of patients diagnosed
with a WAD that had no prior history of symptoms in the neck area before the motor
vehicle accident. Group 3 included the controls, age range 18 to 55, with neither
cervical or shoulder dysfunction. The cervical spine was examined by a physical
therapist trained in Manual Therapy, to confirm the presence or absence of cervical
segmental joint dysfunction in patients with neck pain and controls, respectively. The
glenohumeral joints were examined for pain, restriction, and impingement signs [22].
Exclusion criteria for all the groups were: any known pathology or impairment in the
shoulder joint, history of head injury or spinal fractures, systemic pathology and

serious psychological condition.



Equipment

EMG data was collected using four sensors from Kine, Hafnarfjordur, Iceland.
The signal is pre-amplified using amplifier with input impedance of 10 Giga Ohm
and a common mode rejection ratio of 110 dB. The signal is sampled at 1600
Hz, after going through a band pass filter with a cut-of frequency 16 Hz and 482
Hz (3dB). The signal is digitized at approximately 3 mm from the skin, and
transmitted wirelessly in digital form (with crc ensuring corruption free
transmission). After reception, the signal is filtered using high pass filtering with
cut-off frequency at 30 Hz to remove movement artifacts. Attached to the
sensors were disposable disc shaped (10 mm @) triode surface electrodes (Ag-
AgCl) with an interelectrode distance of 20 mm (Thought Technology Ltd.,
Quebec, Canada).

Three-dimensional kinematic data were collected at 40 Hz with a three-Space
Fastrak (Polhemus, Colchester, VT). The manufacturer has reported an accuracy of
0.8 mm and 0.15° for this device. The Fastrak system used in this study consisted of
a global transmitter attached to a back of a chair and a sensor mounted on the
posterior aspect of the arm, in line with the long axis of humerus. The electronic unit
determined the relative orientation and position of the sensor through the
electromagnetic field emitted by the global transmitter. Both the sensor and the
global transmitter were hardwired to the Fastrak electronic unit that collected
information about the position of the arm. The information was sent to a computer
with a software system synchronized with the EMG. The coordinate system of the
global transmitter was used in this study as the only component needed from the
Fastrak system was the exact time the sensor on the humerus started to move into

elevation relative to the global transmitter.

Experimental procedure

The overall flow of the experiment procedure was as follows. The subject was
instructed to sit in a comfortable upright position such that the sacrum was in
contact with the back of the chair with feet placed parallel on the floor. The
global transmitter was attached to the back of the chair and the Fastrak sensor
was placed on the posterior aspect of humerus in vertical line with olecranon.

The area of EMG electrode placement was cleaned with alcohol swabs to lower



the electrical impedance. The SENIAM recommendation for electrodes location
was followed for trapezius. Electrodes were placed in line with the muscle fibers
over the following locations: upper trapezius, at the midpoint of the lead line
between the acromion and the spinous process of C7, in the direction of the line
between the acromion and the C7; middle trapezius, between the medial border
of the scapula and the spine, at the level of T3, in the direction of the line
between T5 and the acromion; lower trapezius at 2/3 on the line from the
trigonum spinea to the T8, in the direction of the line between T8 and the
acromion [23,24]. The electrodes for the serratus anterior were placed parallel
to the muscle fibers right in front of the anterior border of latissimus dorsi at rib
levels 6-8 (Figure 1) [25]. When the electrode placement was completed the
signal quality of all the muscles was tested.

Both arms were tested, but only one arm at a time. The order of testing was
randomized. The following instructions were verbalized to each subject: “Visually
focus on a point directly ahead on the chart in front of you. Allow your hands,
shoulders and arms to assume the position they would normally assume while
you sit in a relaxed fashion”. The subject was instructed to maintain the position
[26]. A flat vertical surface was positioned along the lateral aspect of the
subjects’ arm to act as a guide to maintain the arm motion in the scapular plane,
defined 30 degrees anterior to the frontal plane. The back of the hand gently
contacted the vertical surface. To control the speed of the arm elevation a
metronome set at 60 beats per minute was used and each subject exercised an
elevation of a straight arm to a count of three seconds and lowering along the
same path to a count of three, without stopping at top level. Before and in-
between each elevation and lowering of the arm the subject was instructed to
relax for 3 seconds. Following the practice trials synchronized EMG and

kinematic data were simultaneously collected during elevation of the arm [27].

Analysis

The main parameter of interest was the onset of muscle activation of the
trapezius and the serratus anterior when elevation of the arm began. The onset
of muscle activation was only measured ipsilaterally. Kinematic and EMG data

were synchronized as they were sampled by the computer. The kinematic data



was imported into excel where the exact time when elevation of the arm began
was displayed in seconds. The EMG data were rectified, imported into excel in
raw text form and processed with an excel macro onset filter (KINE,
Hafnarfjordur, Iceland) with a threshold adjusted at two standard deviations
above a resting value for more than 50 milliseconds [28,29]. The muscle onset
was determined when the RMS of each muscle had reached that threshold. The
time interval between the moment the arm started to elevate and the time when
each muscle had reached the threshold was calculated with a computer program

and displayed in seconds.

Statistics

The R version 2.8.0 (The R Foundation for Statistical Computing ISBN 3-
099951-07-0) was used for statistical analysis. The age, weight and height
between the three groups were compared by ANOVA. For each group, means
and standard deviations were calculated for the four dependant variables on
each side. They were onset of muscle activation for three parts of trapezius and
serratus anterior on the side of elevation. To meet the criteria for normal
distribution the data had to be transformed by first adding the absolute value of
the smallest value for each electrode and then raising to the power of 0.45. As
the Shapiro test did not reject normal distribution of the residuals (p=0.27),
parametric tests were used for statistical analysis. To compare the onset of
muscle activation among the three groups, a mixed model of a ANOVA was
used with one between subject factor (three groups: IONP, WAD and controls)
and one within subject factor (sides, representing arm dominance). The Tukey
honest significant difference’ method was used to determine the main effects of
the ANOVA. Interaction effects for sides were tested first to determine any
potential influence on group effects. In the absence of interactions, main effects
of group (collapsed across sides) were of interest.

The correlation between the dependant variables and the scores on the NDI and

the VAS was also assessed. The significance level for all tests was set at 0.05.



RESULTS
There was no significant difference in age, weight and height between the three
groups (Table 1). Figure 2 and 3 demonstrate the mean (SEM) of the onset of
muscle activation in the three groups.
There were no group main effects or interaction effects for upper, middle and
lower trapezius. With no interaction, the main effect for serratus anterior was
statistically significant among the groups [F (2,70) = 5.214, p. < .01]. Post hoc
comparison revealed a significantly delayed onset of muscle activation in the
IONP group (P < .05), and in the WAD group (P < .01) compared to the
asymptomatic group. No statistical difference was observed between the
symptomatic groups (P =.93).
The correlation between the EMG onset of the serratus anterior muscle and the

scores on the NDI and VAS was below 0.3 on both sides.

DISCUSSION
The results of this study support the hypothesis of altered activity in the scapular
muscles in patients with cervical disorders compared to asymptomatic subjects.
A significantly delayed onset of muscle activation of the serratus anterior has not
been reported previously in these patients. This is an important result as
research on the serratus anterior in patients with shoulder disorders has
concluded that this muscle is the main stabilizer of the scapula during upper limb
tasks [4]. This finding may have implications for scapular stability in these
patients as the delayed activity in the serratus anterior may reflect inconsistent
or poorly coordinated muscle activation that may reduce the quality of neuro-
muscular performance [1,4,5,30]. This deficit in the coordinate activity has the
potential to induce aberrant forces on the cervical and thoracic spine, sustaining
symptomatic mechanical dysfunction in the area and may be responsible for
maintaining periods of recurrence or exacerbation of neck pain [7,11].
It has been demonstrated that injection of hypertonic saline in the upper
trapezius causing experimental pain in healthy subjects’ results in reorganization
of the activity of trapezius during shoulder flexion. On the painful side a
decreased activity was demonstrated in the upper trapezius but an increased

activity in the lower trapezius. However, the upper trapezius on the contralateral



side to the pain demonstrated an increased activity. These findings demonstrate
that pain in the upper trapezius changes the motor control in the upper and
lower trapezius not only on the painful side but also on the contralateral side
[13]. Therefore “null effects” may influence the results for trapezius in this current
study as some patients may demonstrate a delayed onset which is disintegrated
by an early onset in others.

The delayed onset of muscle activation of the serratus anterior in patients with
cervical disorders corresponds to what has previously been reported in patients
with shoulder disorders [30]. The similarity found in both cervical- and shoulder
disorders indicate that the delayed activity in the serratus anterior may be a
general response to a chronic pain condition in the cervical- or shoulder area.
The fact that no difference was found between the two symptomatic groups does
therefore not confirm homogeneity of the symptomatic groups, but rather
suggest that the disturbance in muscle activity occurs as a general response to
chronic pain condition in the area. This hypothesis is supported by studies
reporting bilateral delayed onset of muscle activation in the scapular muscles in
patients with unilateral shoulder disorder [30,31].

The reason for the delayed onset of muscle activation may be due to a change
in the “feed-forward” response of the nervous system or due to selective
reflexive inhibition that changes the automatic muscular control strategy,
compromising the muscle balance around the scapula [31-33].

The fact that the correlation between the dependant variables and the scores on
the NDI and the VAS was not higher (r < 0.3) suggests that pain or impairment in
the neck area may partly be associated with onset of muscle activation of the
scapular muscles that is probably multifactorial in its genesis. However, future
studies are needed to determine whether the association between altered
activity in the scapular muscles and neck pain is a primary or a secondary
phenomenon.

The main limitation of the present study concerns the possibility of cross talk
when surface EMG is used. However fine wire electrodes measuring only few
muscle fibers are not considered a good choose investigating large muscle
groups as the trapezius and the serratus anterior where a more global

evaluation of muscle activity is needed. Careful placement of electrodes in line
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with orientation of muscle fibers is the best way to avoid crosstalk from nearby
muscles; however the possibility of a crosstalk has to be taken into consideration
even though best common practice to avoid it was used. Secondly, the results
present mean values for each group, but a great variability was observed within
each group. Therefore these findings may not be generalized to all patients with

neck pain.

CONCLUSIONS
Patients with IONP and WAD demonstrated a significantly delayed onset of
muscle activation of the serratus anterior during unilateral arm elevation. This
finding may have implications for scapular stability in these patients. The results
revealed no difference between the two symptomatic groups suggesting that the
disturbance in muscle activity occurs as a general response to chronic pain
condition in the neck area.
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Figure 1. Electrode location and experimental set up. Disposable disc
shaped (10 mm @) triode surface electrodes were placed at the trapezius
and serratus anterior. The signal was digitized at approximately 3 mm from
the skin, and transmitted wirelessly in digital form. A flat vertical surface
was positioned along the lateral aspect of the subjects’ arm to act as a
guide to maintain the arm motion in the scapular plane.
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Figure 2. Comparison of the mean (+SEM) of the Upper Trapezius (UT),
Middle Trapezius (MT), Lower trapezius (LT) and the Serratus Anterior
(SA). IONP=insidious onset neck pain, WAD=whiplash associated disorder.
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Figure 3. Mean for both sides (+SEM). IONP=insidious onset neck pain,
WAD=whiplash associated disorder.
*statistically significant difference between IONP and control (P<0.05)
tstatistically significant difference between WAD and control. (P<0.05)

Table 1. Demographic details of participants.

Age
(years)

Height
(cm)

Weight
(kg)

NDI

control group IONP group WAD group
Women (n=18) Women (n=20) Women (n=24)
Men (n=5) Men (n=2) Men (n=3)

Mean SD Range Mean SD Range Mean SD Range
30 7 21-51 35 8 25-54 33 9 18-50
171 7 155-188 170 6 158-183 170 5 160-180
70 10 56-100 73 16 53-12 70 10 51-92

0 0 0 29 10 12-49 38 18 12-80
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ABSTRACT

Clinical theory suggests that altered alignment of the shoulder girdle has the
potential to create or sustain symptomatic mechanical dysfunction in the cervical
and thoracic spine. The alignment of the shoulder girdle is described by two
clavicle rotations; elevation and retraction and three scapular rotations: upward
rotation, internal rotation and anterior tilt. Elevation and retraction has until now
only been assessed in patients with neck pain. The aim of the study was to
determine whether there is a pattern of altered alignment of the shoulder girdle,
and the cervical and thoracic spine in patients with neck pain.

A three-dimensional device measured clavicle and scapular orientation, and
cervical and thoracic alignment in patients with insidious onset neck pain (IONP)
and whiplash-associated disorder (WAD). An asymptomatic control group was
selected for baseline measurements.

The symptomatic groups revealed a significantly reduced clavicle retraction
and scapular upward rotation as well as decreased cranial angle. A difference
was found between the symptomatic groups on the left side where the WAD
group revealed an increased scapular anterior tilt and the IONP group a
decreased clavicle elevation. These changes may be an important mechanism
for maintenance and recurrence or exacerbation of symptoms in patients with

neck pain.
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Neck pain, whiplash, scapula, posture



INTRODUCTION

Clinical theory suggests that altered alignment of the shoulder girdle has the

potential to create or sustain symptomatic mechanical dysfunction in the cervical
and thoracic spine by inducing compressive, rotational and shear forces to the
tissues (Behrsin & Maguire, 1986; Janda, 1994; Jull et al., 2008; Jull et al.,
2004b). Until now the alignment of the shoulder girdle in patients with cervical
disorders has only been investigated by measuring the upward and forward
displacement of the acromion with reference to the 7" cervical spinous process
or by angular measurements using these landmarks. These studies evaluating
the protraction/retraction and elevation/depression of the shoulder girdle do not
take into consideration the alignment of the thoracic cage nor do they measure
scapular orientation (Braun, 1991; Szeto et al., 2002; Yip et al., 2008).

This study applies the definition of body segment and joint coordinate
system proposed by the Standardization and Terminology Committee of the
International Society of Biomechanics. This includes measuring three dimension
orientation of the shoulder girdle described by two clavicle rotations; elevation
and retraction and three scapular rotations: upward rotation, internal rotation and
anterior tilt (Figure 1)(Karduna et al., 2001; Wu et al., 2005).

The alignment of the shoulder girdle varies considerably between individuals
within the general population. In general, the clavicles should be symmetrical,
elevate around 6 degrees and retract around 20 degrees at the sternoclavicular
joint (Ludewig et al., 2009). The scapula sits between the second and the
seventh rib on the posterior thoracic wall (Williams & Warwick, 1980),
approximately 8 cm lateral to the spinous processes (Sobush et al., 1996). The
optimum alignment of the scapula with the arms by the side has been described
as the mid position of the scapula between the individual available range of
upward and downward rotation, external and internal rotation and posterior and
anterior tilt (Mottram et al., 2009). This has been described as the ‘scapula
neutral position’. There is minimal support from the passive osteo-ligamentous
system in this position so the myofascial structures, in particular the trapezius
and the serratus anterior are considered to have an important role (Mottram et
al., 2009).



Potential mechanisms that can alter the alignment of the shoulder girdle
include pain, tightness in the soft tissues, imbalances in muscle activity or
strength, muscle fatigue and the cervical and thoracic curves (Kebaetse et al.,
1999; Michener et al., 2003; Sahrmann, 2002). The presence of pain is
associated with altered muscle activity in the trapezius and the serratus anterior
muscles (Falla et al., 2007a; Falla et al., 2004a; Ludewig & Cook, 2000; Sterling
et al., 2001). Paralysis of these muscles due to injury to the accessory nerve
and the long thoracic nerve, illustrates their contribution in maintaining optimum
scapular orientation. Trapezius paralysis results in a scapular orientation
characterized by a reduced elevation and retraction of the clavicle, and
increased upward rotation of the scapula. Serratus anterior paralysis results in
increased elevation of the clavicle, medial translation and downward rotation of
the scapula (Kuhn et al., 1995). Tightness and over activity of both the levator
scapula and the rhomboid muscles tend to adduct, downwardly rotate and
elevate the most medial part of the scapula (Behrsin & Maguire, 1986;
Sahrmann, 2002). The pectoralis minor, the biceps brachii (caput brevis) and
the coracobrachialis muscles, which attach to the coracoid process, can create
forward pull on the scapula causing anterior tilting of the scapula and protraction
of the clavicle and along with the pectoralis major; the pectoralis minor may also
cause downward rotation of the scapula (Kibler & McMullen, 2003; Williams &
Warwick, 1980).

Changes in the cervical and thoracic alignment (Kibler & McMullen, 2003) as
well as slouched posture are also known to contribute to altered alignment of the
scapula (Finley & Lee, 2003; Kebaetse et al., 1999). Altered cervical alignment
is considered to be an important mechanism influencing cervical (Edmondston et
al., 2005; Szeto et al., 2005b) and scapular kinematics (Kibler & McMullen,
2003; Thigpen et al., 2010). Evidence is emerging demonstrating that cervical
alignment is associated with efficient function of the deep cervical flexors (Falla
et al., 2007b), the trapezius and the serratus anterior muscles (Weon et al.,
2009). However, there is conflicting evidence as to whether there is a difference
in cervical alignment between patients with neck pain and asymptomatic
subjects (Edmondston et al., 2007; Harrison et al., 2004; Yip et al., 2008).

Association between prolonged neck pain and more flexed cervicothoracic



posture has been reported in adolescents (Straker et al., 2009) but association
has not been found between changes in the thoracic curve and cervical spine
disorders in adults (Szeto et al., 2005a).

The aim of the study was to determine whether there is a pattern of altered
alignment of the shoulder girdle, and the cervical and thoracic spine, at rest, in
patients with cervical spine disorders. The hypothesis is that patients with
cervical spine disorders demonstrate an altered alignment of the shoulder girdle

and the alignment of the cervical and thoracic spine.

METHODS
Subjects
The current study included patients with insidious onset neck pain (IONP) and
patients with whiplash associated disorder (WAD) grade Il, following a motor
vehicle accident (Spitzer et al., 1995), since a difference may exist in
impairments between these groups. A difference has been observed between
these two groups of patients in the sagital configuration of the cervical spine
(Kristjansson & Jonsson, 2002), the fatty infiltration in the cervical extensor
muscles (Elliott et al., 2008), the activity of the trapezius muscle and the level of
pain and disability (Falla et al., 2004a; Nederhand et al., 2002). Twenty one
subjects with IONP (19 women and 2 men) and twenty three subjects with WAD
(20 women and 3 men) were recruited at physical therapy clinics, on a voluntary
basis, in the Reykjavik municipal area. This study was approved by the
Bioethics Committee of Landspitali University Hospital and all subjects signed a
consent form. A sample of convenience consisting of twenty asymptomatic
subjects (17 women and 3 men) served as a control group (Table 1). All
subjects were right handed. The subjects in the control group were selected to
match the subjects in the symptomatic groups, according to their height, weight,
age, gender and physical activity level. Physical activity level was assessed by
asking whether the subject engaged in some kind of physical activity on regular
bases (sports, exercises etc.). If the answer was yes the subject was asked what
kind of physical activity and how many times per week. Demographic information
(height, weight, age, gender and physical activity level) were collected.
Disability was measured by the Neck Disability Index (NDI), which is a self



reporting questionnaire (Vernon & Mior, 1991). Pain intensity was evaluated
with a 10-cm Visual Analogue Scale (VAS) anchored by no pain and pain as bad
as it can be. The VAS was used to indicate the average intensity of neck pain
experienced over the past seven days.

Inclusion criteria for the pain groups were: age 18 to 55, a score of at least
10 on the NDI, and neck symptoms of more than six months duration. Score
below 10 on the NDI are scored as ‘no disability’ (Vernon & Mior, 1991) and
symptoms that have lasted more than six months are considered chronic
(Hartling et al., 2001). Subjects were allocated to one of two groups: Group 1
included subjects with IONP that had no history of any accident or whiplash
injury; group 2 included subjects diagnosed with a WAD that had no prior history
of symptoms in the neck area before the accident. A third group included the
controls (Group 3) which were between age 18 to 55 with neither cervical nor
shoulder dysfunction. The cervical spine was examined by a trained physical
therapist to confirm the presence or absence of cervical segmental joint
dysfunction in patients with neck pain and controls, respectively. The
glenohumeral joints were examined for pain, restriction, and impingement signs
(Magee, 1987). Subjects were excluded if they had any known pathology or
impairment in the shoulder joint, history of head injury or spinal fractures,
systematic pathology and serious psychological condition.
Prior to initiating the study, a sample of 20 subjects per group was calculated to
provide 80% power to detect differences of 3 degrees between the groups.
Calculations were based on our judgment of what are clinically meaningful

differences.

Instrumentation and measurements

Equipment: Three-dimensional kinematic data were collected at 40 Hz with the
Polhemus 3-Space Fastrak device (Polhemus Colchester, VT), which has an
accuracy of 0.8 mm and 0.15°. The device consisted of a global transmitter,
three sensors, and a digitizing stylus, all of which were hardwired to a system
electronic unit. The electronic unit determined the relative orientation and
position of the digitizer and the sensors through the electromagnetic field emitted

by the global transmitter. Information collected by the Fastrak system was sent



to a computer with a software system developed by KINE (Hafnarfjordur,
Iceland).

Evaluation of the alignment of the shoulder girdle: For evaluation of the
alignment of the shoulder girdle, the study utilized the definition of body segment
and joint coordinate system for the upper extremity proposed by the International
Society of Biomechanics. These coordinate systems were defined using
digitized anatomical landmarks to evaluate clavicle and scapular orientation (Wu
et al., 2005). The digitizing stylus connected to the magnetic tracking device
was used to digitize manually the coordinates of the landmarks listed in Table 2.
All landmarks were palpable except for the center of glenohumeral rotation (GH).
The GH was estimated by moving the humerus through short arcs (<45 degrees)
of midrange glenohumeral motion. The GH was defined as the point on the
humerus that moved the least with respect to the scapula when the humerus
was moved and was calculated using a least-squares algorithm (Biryukova et
al., 2000; Harryman et al., 1990). Based on standard matrix transformation
methods the global axes defined by the sensors of the Fastrak device were
converted to anatomically defined axes derived from the digitized bony
landmarks (Karduna et al., 2001).

Evaluation of cervical- and thoracic alignment: The cervical- and thoracic
alignment was measured two-dimensionally. This study utilized coordinates
provided by the digitizer to measure cervical alignment and distinguished
between the alignment of the upper cervical spine (cranial angle) and the lower
cervical spine (cervical angle) (Edmondston et al., 2007; Straker et al., 2009).
To evaluate cranial and the cervical angles the corner of the right eye, the tragus
of the right ear and the spinous process of the 7" cervical vertebra were
digitized. The coordinates of these anatomical landmarks were used to
calculate the cranial and the cervical angels illustrated in Figure 2. To measure
the mid-thoracic curve (MTC) the digitized coordinates of the spinous processes
ranging from T2 to T11 were used. A curve was drawn along the thoracic
spinous processes and a straight line directly between the spinous processes T2

and T11 (Figure. 3). The longest perpendicular distance (h) between the curve



and the straight line was calculated using the coordinates. The MTC was
calculated using the formula presented on Figure 3. The line labeled length (l) is
the straight line distance between spinous processes T2 and T11. The line
labeled height (h) is perpendicular to | and intersects the curve at a digitized
point of the mid thoracic process that visually demonstrated the top of the curve
(Bullock et al., 2005). This method in evaluating the thoracic curve has shown a

good intra and inter-rater reliability with a ICC level of 0,99 (Kristinsson, 2008).

Experimental procedure: The anatomical landmarks were palpated and marked.
Three Fastrak sensors were attached to each subject. Using an adhesive tape
the first sensor was attached to the skin of the sternum (distal to the sternal
notch) and the second sensor to the flat part of the acromion. The second
sensor evaluated the clavicle and scapular rotations. The third sensor, attached
to an elastic strap (Mylatex wrap, 45 cm, Chattanooga group, USA), was placed
distally on posterior aspect of humerus proximal to the epicondyles. These
placements have been used previously and validated for these measurements
(Karduna et al., 2001; Ludewig & Cook, 2000). The height of the chair used in
the study was adjusted for each subject and a 15 degree obliquely aligned
cushion was used to facilitate neutral spinal curves.

The subject was instructed to sit in a comfortable upright position such that the
sacrum was in contact with the back of the chair with the feet placed parallel on
the floor (Figure 4). The following instructions were verbalized to each subject:
“Visually focus on a point, directly ahead, on the chart in front of you”. “Allow
your hands, shoulders and arms to assume the position they would normally
assume by the side”. The subject was instructed to maintain this position
throughout the digitization and the GH estimation procedures. Following this,
the raw data from the sensors were converted into anatomically defined
rotations (Karduna et al., 2001). The right and left sides were assessed
separately. Two measurements were conducted on each subject on both sides
(the Fastrak sensors on the scapula and the arm had to be moved to the
opposite side). The two measurements were averaged to get one measure for

each side. The order of testing was randomized (sides and groups).



The subjects were not aware that the alignment of the spine and the shoulder
girdle was measured. They were informed that the function of the upper body
was evaluated by using surface EMG electrodes (not part of this study). The
alignments measurements were conducted before the subject elevated the arm

several times.

Data analysis

The R version 2.8.0 (The R Foundation for Statistical Computing ISBN 3-
099951-07-0) was used for statistical analysis. The age, weight and height
between the three groups were compared by ANOVA. The main parameter of
interest was the alignment of the shoulder girdle and cervical and thoracic spine
with the arms resting by the side. The data for the alignment of the shoulder
girdle was described using two clavicle rotations; elevation/depression and
retraction/protraction and three scapular rotations: upward/downward rotation,
internal/external rotation and anterior/posterior tilt, as dependant variables
(Figure 1). A software program (KINE, Hafnarfjordur, Iceland) calculated the
orientation of each clavicle and scapular rotation.

Three variables were related to the alignment of the cervical and thoracic spine;
the cranial angle, cervical angle and mid-thoracic curve (Figure 2 and 3). The
calculation for the alignment of the cervical and thoracic spine was performed
automatically by the use of an excel software program (Bullock et al., 2005).
For each group, means and standard deviations were calculated for the five
dependant variables on each side demonstrating alignment of the shoulder
girdle and the three dependant variables demonstrating cervical and thoracic
alignment. As the Shapiro test did not reject normal distribution of the data,
parametric tests were used for statistical analysis. Initial analyses were
performed to test for possible group differences, in the dependent measures, by
using general linear model one-way analysis of variance and the Tukey honest
significant difference’ method was used to determine the main effects of the
ANOVA. The correlation between the dependant variables and the scores on
the NDI and the VAS was also assessed. The significance level for all tests was
set at 0.05.



RESULTS
There was no significant difference in age, weight and height between the three
groups or between the results of men and women within each group (Table 1).
The ANOVA revealed on the right side a significant difference in clavicle
retraction (P < 0.03) and on the left side a significant difference in clavicle
elevation (P = 0.01), scapular tilt (P < 0.01) and scapular upward rotation (P <
0.03) between the three groups. A significant difference was also observed in
the cranial angle (P < 0.01) and a tendency in the cervical angle (P = 0.07) but
no difference was found in the mid-thoracic curve (P = .99) between the three
groups. The correlation between the dependant variables and the scores on the
NDI and VAS were found weak (r < 0.50). Summary group data is demonstrated
on Table 3 and Figure 5.

Post hoc comparison on the right side revealed a significantly reduced
clavicle retraction in the IONP group (P = 0.04) and in the WAD group (P < 0.02)
compared to the control group. On the left side there was a significantly reduced
scapular upward rotation in the WAD group (P < 0.03) and reduced clavicle
elevation in the IONP group (P = 0.02) compared to the control group. A different
manifestation was observed between the symptomatic groups for the left side
demonstrated by a significantly increased scapular anterior tilt in the WAD group
compared to the control group (P = 0.01) and the IONP group (P < 0.01).

Post hoc comparison of the cranial angle showed significantly decreased
cranial angle in the IONP group (P = 0.02) and the WAD group (P = 0.03)

compared to the control group.

DISCUSSION
The results of this study support the hypothesis of altered alignment of the
shoulder girdle and the cervical spine in patients with neck pain compared to
asymptomatic subjects. The weak correlation between the alignment of the
cervical spine and shoulder girdle, and the level of pain and disability, suggests
that pain or impairment in the neck area may partly be associated with alignment

that is probably multifactorial in its genesis.
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The side to side differences in the asymptomatic group corresponds to
former studies, where clavicle elevation and retraction is typically reduced on the
dominant side compared to the non-dominant side (Sobush et al., 1996) and
scapular upward rotation is increased on the non-dominant side compared to the
dominant side (Crosbie et al., 2008). As the majority of patients that participated
in this study had bilateral symptoms in the neck area, the side to side differences
can not be related to increased symptoms on the left side but rather to less
usage and less awareness of the non-dominant arm compared to the dominant
arm (Sandlund et al., 2006).

The reduced clavicle retraction and cranial angle observed in the
symptomatic groups are consistent with previous reports that a forward head
posture, a combination of lower cervical flexion, upper cervical extension and
reduced clavicle retraction, is more common in patients with neck pain
compared to asymptomatic subjects (Braun, 1991; Szeto et al., 2002; Yip et al.,
2008). This may lead to increased compressive forces in the articulations of the
cervical and thoracic spine, inducing tension in the muscles in the area (Harrison
et al., 2004; Szeto et al., 2002; Yip et al., 2008) and affecting the muscle activity
of the trapezius and the serratus anterior (Weon et al., 2009). Reduced median
nerve sliding and paresthesias has also been associated with reduced clavicle
retraction (Julius et al., 2004).

The reduced clavicle retraction may be connected to a decreased ability of
trapezius to retract and maintain the normal position of the scapula. The middle
trapezius functions as a scapula retractor and the transverse orientated fibers of
the upper and lower trapezius assist this action (Johnson et al., 1994). Reduced
extensibility in the pectoralis minor muscle is of interest to because of its
attachment to the medial border of the coracoid process on the scapula but the
pectoralis major muscle influence may not be so significant while the arms are
resting by the sides (Sahrmann, 2002).

The differences in the cranial angle may be caused by an increased lordotic
alignment of the atlas, which is the main lordotic segment in the cervical spine
(Kristjansson, 2004). The decreased cranial angle and differences in the cervical
lordosis may reflect altered muscle activity in the deep cervical flexors observed in

patients with neck pain. Interestingly an increased activity has been observed in the
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sternocleidomastoid and the anterior scaleni muscles with altered motor control
strategies of the deep cervical flexors (Falla et al., 2004b; Falla & Farina, 2005; Jull et
al., 2004a; Jull et al., 2004b; Szeto et al., 2005a). It has been suggested that the
increased cranial angle in the upper cervical spine, noted in the WAD group is a
compensation strategy for the reduced weight bearing capacity of the cervical spine
after motor vehicle collisions (Kristjansson, 2004). Altered activity in the cervical
flexors, in patients with WAD may develop because of pain and the aforementioned
biomechanical changes (Kristjansson, 2004).

The interesting results in this study were the increased anterior tilt and reduced
upward rotation of the scapula and the reduced clavicle elevation. These
findings have not been reported previously in patients with neck pain. The
different manifestation that was revealed between the two symptomatic groups
in clavicle elevation and scapular anterior tilt on the left side (hon-dominant) is
an important finding suggesting that a difference may exist in impairments
between these groups. A different manifestation has been reported in the
alignment of the shoulder girdle between patients with shoulder problems where
patients with instability demonstrated less elevated shoulders and patients with
impingement syndrome more elevated shoulders on the symptomatic side
compared to the asymptomatic side (Warner et al., 1992). A difference in the
activity of the upper trapezius has been reported between patients with WAD
and IONP where patients with WAD had a tendency of higher and longer muscle
activation patterns in trapezius during upper limb tasks (Nederhand et al., 2002),
reduced ability to relax after tasks (Fredin et al., 1997), and demonstrated a
significantly higher EMG amplitude in the muscle compared to patients with
IONP (Falla et al., 2004a).

The increased anterior tilt of the scapula, in the WAD group, may be
associated with forward head posture (Thigpen et al., 2010), short overactive
pectoralis minor muscle associated with inefficiency in the serratus anterior and
lower trapezius muscles that fail to control the anterior tilt of the scapula
(Borstad & Ludewig, 2005; Ludewig & Cook, 2000; Sahrmann, 2002).

The reduced clavicle elevation observed in the IONP group is consistent
with previous reports in patients with tension-type headache where an

intermediate lateral projection of an X-ray spinogram was used to determine the
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position of the shoulder girdle. The lower cervical and upper thoracic spine is
generally obscured by the shoulder girdle. The term “low-set shoulder” was
referred to cases where the first thoracic vertebra (mild cases) and upper third or
more of the second thoracic vertebra (severe cases) were clearly visualized. In
the controls (n=225) a mild low-set shoulder was observed in 38% (n=86) of the
subjects but severe in only 3.8% (n=8). In patients with tension-type headache
(n=372) 48% (n=180) had mild low set shoulders and 9.1% (n=34) severe
(Nagasawa et al., 1993). The reduced clavicle elevation may reflect inefficiency
of the upper trapezius which fails to control normal clavicle elevation against
gravity (Mottram et al., 2009; Sahrmann, 2002) or an imbalance between the
upper and lower trapezius muscles where the activity of the lower trapezius may
dominate the activity of the upper trapezius (Ludewig et al., 1996).

The combination of reduced clavicle elevation and reduced scapular anterior
tilt demonstrated in the IONP group on the left side supports recent suggestions
that increased clavicle elevation is coupled with increased scapular anterior tilt
and vice versa (Teece et al., 2008). The reduced scapular anterior tilt in the
IONP group on the left side may therefore correspond to the decreased clavicle
elevation. However, the reduced anterior tilt may also occur due to increased
activity in the levator scapulae and the rhomboid muscles, to compensate for
inefficient upper trapezius (Ludewig et al., 1996; Sahrmann, 2002).

The reduced scapular upward rotation reflects either a long, inefficient upper
trapezius and serratus anterior muscles or short overactive levator scapula and
rhomboid muscles which would simultaneously elevate and retract the clavicle,
and downwardly rotate the scapula (Sahrmann, 2002). The reduced clavicle
elevation in the IONP group and the reduced scapular upward rotation in the
WAD group is concurrent with Sahrmann’s (2002) statement that the most
common alignment impairments of the shoulder girdle in patients with shoulder
pain is the downwardly rotated alignment of the scapula and the depressed
alignment of the clavicle. It should be noted that a reduced clavicle elevation as
well as a reduced scapular upward rotation maintains a lengthen position of the
upper trapezius which induces excessive strain on the muscle as well as the
levator scapula and the rhomboid muscles. This lengthen position increases

tenderness in the muscles (Azevedo et al., 2008) and inflicts compressive,
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rotational and shear forces on the cervical and thoracic spine which may be an
important mechanism for maintenance for recurrence or exacerbation of neck
pain (Behrsin & Maguire, 1986; Jull, 1997; Jull et al., 2008; Jull et al., 2004b;
Mottram et al., 2009). This corresponds to studies demonstrating reduced neck
symptoms when patients with neck pain rotate the neck when the shoulder girdle
is passively elevated (Van Dillen et al., 2007).

The primary limitation of this study is that it describes the alignment of the
spine and the shoulder girdle at rest only and therefore the findings can not be
generalized to alignment during functional tasks especially when the upper limb
is moving or loaded. This is also the case when activities are prolonged over
time. Secondly, the fact that the measurement were done in sitting may be
considered a limitation of the study, since a difference in the sitting position
between the three groups may have led to differences observed. However, the
sitting position was standardized by adjusting the height of the chair for each
subject, by using an obliquely aligned cushion, by ensuring that the sacrum was
in contact with the back of the chair and by placing the feet parallel on the floor.
As the results demonstrate an equivalent alignment of the thoracic spine in all
three groups (P=0.99) it may be concluded that the sitting position were similar
in all three groups and therefore did not affect the results of the study. Thirdly,
the results present mean values for each group but a great variability was
observed within each group. Fourthly, evaluating for restriction in extensibility in
the pectoralis minor muscle may have provided information about the

relationship of a restriction to altered alignment of the shoulder girdle.

CONCLUSIONS

A reduced clavicle retraction, scapular upward rotation and cranial angle were

observed in patients with neck pain compared to asymptomatic subjects. A
different manifestation was observed between patients with IONP and WAD on
the left side in clavicle elevation and scapular anterior tilt suggesting that a
difference may exist in impairments between these groups. The WAD group
revealed increased anterior tilt of the left scapula compared to the control group
and the IONP group which revealed a reduced clavicle elevation on the left side

compared to the control group.
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Figure 1 - Clavicle and scapular rotations
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Figure 2 - Angle definitions: The corner of the right eye (canthusg, the
tragus of the right ear (tragus) and the spinous process of the 7" cervical
vertebra (C7) were digitized. The cranial angle (A) is formed by the line of
canthus to tragus with respect to vertical plane. The cervical angle (B) is
formed by the line of tragus to C7 with respect to vertical plane.

Formula for the MTC.
2xh \
mtc = 4 x | arctan - el length (1)

height (h)

Figure 3 - lllustration and calculation measuring the mid-thoracic curve
(MTC).
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Figure 4 — Experimental setup. A sensor was attached to the skin of the
sternum, to the flat part of the acromion and on the posterior aspect of the
humerus. The EMG surface electrodes on the subject were not utilized in
this study.

21



@ control

2]
-
g | |OHP
=
X awaD
Cranial angle Cervical angle
w
-
g
=
1)
= trol
g & contro
E m[ONP
E OWAD
-
=]
=
=
=
(%]
Left arm Right arm
w
-]
g
=
1]
=
= @ control
&
£ ®(ONP
E OWAD
]
=
2
o Left arm Right arm

22



- Left arm Right arm
§ £
g
=
= -10 1
s
£ 15 & contrel
£ mIONP
=
= -20 A owvvaD
i
g s !
Left arm Right arm
- 0
=
i
EE®
contro
£ & control
2 IONP
= = -10 - |
E- * owwaD
=
@ 15
- 30
g
E 25 ‘
= E‘ ‘ & control
g & 201 = ONP
'E i awWaD
= =
FE
g
it
“ 1o .
Left arm Right arm

Figure 5 - Columns demonstrating the mean and the 95% confidence
intervals of the cranial angle, cervical angle, clavicle elevation and
retraction and scapular anterior tilt, upward rotation and internal rotation
in the three groups. An asterisk indicates a P value of < 0.05.



control group IONP group WAD group
Women (n=17) Women (n=19) Women (n=20)
Men (n=3) Men (n=2) Men (n=3)
Mean SD Range Mean SD Range Mean SD Range
Age 29,70 7,75 21-51 35,23 8,41 25-54 33,37 9,58 18-50
(years)
Height 171,83 7,77 155- 170,5 6,07 158-183 170,07 5,26 160-180
(cm) 188
Weight 69,30 10,23 56-100 73,01 16,25 53-128 70,63 10,38 51-92
(kg)
NDI 0 0 0 29,09 9,77 12-49 38 18,74 12-80
Table 1 - Demographic details of the three groups.
Thorax:
C7: Processus spinosus of the 7t: cervical vertebra
T8: Processus spinosus of the 8" thoracic vertebra
1J: Deepest point of Incisura Jugularis (suprasternal notch)
PX: Processus Xiphoideus, most caudal point of the sternum
Clavicle:
SC: Most ventral point on the sternoclavicular joint
AC: Most dorsal point on the acromioclavicular joint
Scapula:
TS: Trigonum Spinae Scapulae, the midpoint of the triangular surface
on the medial border of the scapula in line with the scapular spine
Al: angulus inferior most caudal point of the scapula
AA: Angulus acromialis most laterodorsal point of the scapula
Humerus:
EL: Most caudal point on lateral epicondyle
EM: Most caudal point on medial epicondyle
Table 2. Digitized anatomical landmarks
Left side Right side
IONP/control WAD/control  IONP/WAD IONP/control WAD/control  IONP/WAD
P P P P P
Elevation (+) 0.02% 0.99 0.20 0.99 1.00 0.99
Retraction (+) 0.99 0.70 0.92 0.04* 0.02* 0.99
Anterior tilt (-) 0.99 0.01* 0.00* 0.74 0.81 0.99
Upward rotation (+) 0.89 0.03* 0.77 0.69 0.26 0.99
Internal rotation (+) 0.75 0.20 0.99 1.00 0.89 0.88

Table 3 - Group comparison. The numbers demonstrate P values of the
clavicle elevation and retraction, and scapular tilt, upward rotation and
internal rotation. An asterisk indicates a P value of <0.05
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Altered Scapular Orientation
During Arm Elevation in Patients
With Insidious Onset Neck Pain
and Whiplash-Associated Disorder

he musculature attaching the shoulder girdle to the axial
skeleton is primarily responsible for scapular orientation, as
the sternoclavicular joint is the only bony ligament attachment
of the shoulder girdle to the trunk. The coordination of the
trapezius and serratus anterior muscles is important in controlling
scapular orientation during postural function and may be influenced
by the activity and extensibility of the levator scapulae, rhomboids,

and pectoral muscles, which may com-
promise the muscle balance.?>?%! Bio-
mechanical reasoning indicates that
altered activity in these muscles, af-
fecting scapular orientation, may in-

duce detrimental load on the cervical
spine.®?! Increased tension in muscle,
such as the levator scapulae through its
attachment to the upper 4 cervical seg-
ments, may directly induce compressive,

* STUDY DESIGN: Controlled laboratory study
using a cross-sectional design.

* OBJECTIVES: To investigate whether there is a
pattern of altered scapular orientation during arm
elevation in patients with insidious onset neck pain
(IONP) and whiplash-associated disorder (WAD)
compared to asymptomatic people.

* BACKGROUND: Altered activity in the ax-
ioscapular muscles and impairments in scapular
orientation are considered to be important features
in patients with cervical disorders. Scapular
orientation has until now not been investigated in
these patients.

* METHODS: A 3-dimensional tracking device
measured scapular orientation during arm eleva-
tion in patients with IONP (n = 21) and WAD (n

= 23). An asymptomatic group was selected for
comparison (n = 20).

* RESULTS: The groups demonstrated a signifi-
cantly reduced clavicle retraction on the dominant
side compared to the nondominant side. The WAD
group demonstrated an increased elevation of the
clavicle compared to the asymptomatic group and
the IONP group, and reduced scapular posterior
tilt on the nondominant side compared to the
IONP group.

* CONCLUSION: Altered dynamic stability of the
scapula may be present in patients with cervical
disorders, which may be an important mechanism
for maintenance of recurrence or exacerbation of
symptoms in these patients. Patients with cervical
disorders may demonstrate a difference in impair-
ments, based on their diagnosis of IONP or WAD.
J Orthop Sports Phys Ther 2010;40(12):784-791.
doi:10.251%jospt.2010.3405

» KEY WORDS: control, kinetic, neck pain, stabil-
ity, whiplash

rotational, and shear forces on cervical
motion segments. The upper trape-
zius also has the potential to produce
tissue distortion through its superior
attachment.»™ Altered activity in the ax-
ioscapular muscles may, therefore, cre-
ate or sustain symptomatic mechanical
dysfunction in the cervical spine and in-
crease the recurrence of neck pain.»16:20
Altered activity in the axioscapular mus-
cles and impairments in scapular orien-
tation are considered to be important
features in patients with cervical disor-
ders.’? Current therapeutic guidelines
for these patients include the analysis
and correction of the function of the
axioscapular muscles, scapular orienta-
tion with arms by the side, and during
upper limb activities.’®2°2* The presence
of pain in the neck area has been associ-
ated with altered activity in the scapular
muscles.>+* However, scapular dynamic
stability has not been investigated in pa-
tients with cervical disorders, and, due
to lack of research in this field, therapeu-
tic guidelines intended to restore normal
scapular function in these patients are
based on the results of shoulder stud-
ies.” It is considered that similar distur-
bances may be found in these patients,
as in patients with shoulder disorders,
but this has not been confirmed.”
During full arm elevation, the clavicle
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undergoes posterior long-axis rotation,
retraction, and elevation; and the scapula
undergoes upward rotation and posterior
tilt relative to the thorax, as well as both
internal and external rotation (FIGURE 1).%9
Scapular upward rotation contributes to
roughly one third of arm elevation, while
two thirds occurs in the glenohumeral
joint.??

Scapular dynamic stability has pri-
marily been investigated in association
with shoulder pathologies where a re-
duced clavicle retraction, scapular up-
ward rotation, scapular posterior tilt,
and increased clavicle elevation has most
commonly been reported and linked to
altered activity in the serratus anterior
muscle, to imbalances of forces between
the upper and lower parts of the tra-
pezius muscle, and to short overactive
muscles.?25:2729-313435 Tpcreased cervi-
cal and thoracic curves® and a slouched
posture are also known to affect scapular
orientation.23

The aim of this study was to inves-
tigate whether there is a pattern of al-
tered scapular orientation during arm
elevation in patients with insidious
onset neck pain (IONP) and whiplash-
associated disorder (WAD) compared to
asymptomatic people. The hypothesis
was that patients with cervical disorders
demonstrate a pattern of altered scapu-
lar orientation.

METHODS

Participants

HIS STUDY WAS APPROVED BY THE
TBioethics Committee of Landspi-

tali University Hospital, and all
participants signed a consent form. Be-
cause a difference may exist in impair-
ment between patients with IONP and
WAD,#10:2637 this study included 2 groups
of patients: group 1, with IONP, and
group 2, with WAD grade II following a
motor vehicle accident.** WAD grade II
is described as neck complaint of pain,
stiffness, or tenderness and musculo-
skeletal signs, which includes decreased
range of motion and point tenderness.**

FIGURE 1. Clavicle elevation/depression (A), clavicle protraction/retraction (B), scapular anterior/posterior tilt,
scapular upward/downward rotation, and scapular internal/external rotation (C).

Internal/external

Rotation Acromion

Upward/downward
rotation

TABLE 1

AGE, HEIGHT, WEIGHT, AND THE LEVEL

OF PAIN AND DISABILITY OF THE
PARTICIPANTS MEASURED BY THE NDI*

are expressed as mean * SD (range).

Control Group IONP Group WAD Group
Sex, (n women, men) 173 19,2 20,3
Age (y) 297 =77 (21-51) 352 = 84 (25-54) 33.3+95(18-50)
Height (cm) 171.8 + 77 (155-188) 1705 = 6.1 (158-183) 1701 = 5.3 (160-180)
Weight (kg) 69.3 =102 (56-100) 73.0 £16.2 (53-128) 706 +10.3 (51-92)
NDI (0-100) 0=0(0) 291 =+ 97 (12-49) 38.0 +187(12-80)
Abbreviati IONP, insidious onset neck pain; NDI, Neck Disability Index; WAD, whiplash-associ-
ated disorder.

* A higher score on the NDI indicates greater pain and disability. Data, except for sex of participants,

Twenty-one participants with IONP (19
women and 2 men) and 23 participants
with WAD (20 women and 3 men) were
recruited at physical therapy clinics on
a voluntary basis in the Reykjavik mu-
nicipal area. A sample of convenience,
consisting of 20 asymptomatic partici-
pants (17 women and 3 men), served as
controls (TABLE 1). All participants were
right-handed. The majority of those re-
ferred were women, and the men referred
were more frequently excluded because
of shoulder problems and history of an
injury to the upper extremity (especially
due to clavicle fractures). Therefore, our
symptomatic samples included mostly
women. The participants in the control
group were selected to match the partici-
pants in the symptomatic groups, accord-

ing to their height, weight, age, gender,
and physical activity level. Physical activ-
ity level was assessed by asking whether
the participants engaged in some kind
of physical activity on a regular basis
(sports, exercises, etc). If the answer was
yes, the participant was asked what kind
of physical activity and how many times
per week.

Demographic information (height,
weight, age, gender, and physical activ-
ity level) was collected. Disability was
measured with the Neck Disability In-
dex (NDI), which is a self-reporting in-
strument for the assessment of activities
of daily living of individuals with neck
pain. The index is considered to be a
condition-specific disability rating in-
strument sensitive to the levels of sever-
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ity of complaint. It consists of 10 items
addressing functional activities, such as
personal care, lifting, reading, working,
driving, sleeping, and recreational activi-
ties, as well as pain intensity, concentra-
tion, and headache. There are 6 potential
responses for each item, ranging from no
disability (0) to total disability (5). The
overall score (out of 50) is calculated by
adding the responses of each individual
item and multiplying by 2. The score is,
therefore, presented as a percentage. A
higher score indicates greater pain and
disability. The interpretation intervals
for scoring are as follows: O to 8 is no
disability, 10 to 28 is mild disability, 30
to 48 is moderate disability, 50 to 68 is
severe disability, above 68 is complete
disability.?> Pain intensity was evalu-
ated with a 10-cm visual analogue scale
(VAS), anchored by “no pain” and “pain
as bad as it can be.” The VAS was used
to indicate the average intensity of neck
pain experienced over the past 7 days.
Inclusion criteria for the pain groups
were being 18 to 55 years of age, having
a score of at least 10 on the NDI (range,
0-100), and having neck symptoms that
had lasted more than 6 months. A score
of below 10 on the NDI is scored as “no
disability;** and symptoms that have last-
ed more than 6 months are considered
chronic.’**? Participants were allocated
to 1 of the 3 following groups: group 1,
patients with IONP with no history of
any accident or whiplash injury; group
2, patients diagnosed with a WAD, who
had no prior history of symptoms in the
neck area before the motor vehicle ac-
cident; and group 3, the controls, who
were 18 to 55 years of age and had neither
cervical nor shoulder dysfunction. The
cervical spine was examined by a physi-
cal therapist trained in manual therapy,
to confirm the presence or absence of
cervical segmental joint dysfunction in
patients with neck pain and controls, re-
spectively. The glenohumeral joints were
examined for pain, restriction, and im-
pingement signs.?® Exclusion criteria for
all the groups were any known pathology
or impairment in the shoulder joint, his-
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TABLE 2 Di1GITIZED ANATOMICAL LANDMARKS
Landmark Location
Thorax
C7 Spinous process of the seventh cervical vertebra
T8 Spinous process of the eighth thoracic vertebra
I Deepest point of suprasternal notch
PX Xyphoid process, most caudal point of the sternum
Clavicle
SC Most ventral point on the sternoclavicular joint
AC Most dorsal point on the acromioclavicular joint
Scapula
TS Base of the spine of the scapula, the midpoint of the triangular surface on the medial
border of the scapula in line with the scapular spine
Al Inferior angle, most caudal point of the scapula
AA Acromion most laterodorsal point of the scapula
Humerus
EL Most caudal point on lateral epicondyle
EM Most caudal point on medial epicondyle

tory of head injury or spinal fractures,
systemic pathology, and serious psycho-
logical condition.

Instrumentation and measurements
Equipment Three-dimensional kinemat-
ic data were collected at 40 Hz with the
Polhemus 3-Space Fastrak device (Pol-
hemus Inc, Colchester, VT). The manu-
facturer has reported an accuracy of
0.8 mm and 0.15° for this device, which
consisted of a global transmitter, 3 sen-
sors, and a digitizing stylus hardwired to
a system electronic unit that determined
the relative orientation and position of
the digitizer and the sensors through
the electromagnetic field emitted by the
global transmitter. Information collected
by the Fastrak system was sent to a com-
puter with a software system developed
by KINE (Hafnarfjordur, Iceland).

Body Segment and Joint Coordinate
Systems The current study utilized the
definition of body segment and joint co-
ordinate systems for the upper extremity
proposed by the Standardization and Ter-
minology Committee of the International
Society of Biomechanics (ISB standard).
The coordinate systems were defined us-
ing the proposed digitized anatomical

landmarks (TABLE 2). The Euler angle se-
quences from the ISB standard were ap-
plied for all motion descriptions, except
for clavicle axial rotation, which was set
at 0‘21,22,52

The digitizing stylus connected to the
magnetic tracking device was used to dig-
itize the coordinates of these landmarks.
All landmarks were palpable, except
for the center of glenohumeral rotation
(GH). The GH was estimated by moving
the humerus through short arcs (<45°) of
midrange glenohumeral motion. The GH
was defined as the point on the humerus
that moved the least with respect to the
scapula when the humerus was moved
and was calculated using a least-squares
algorithm.>'* Based on standard matrix
transformation methods, the global axes
defined by the sensors of the Fastrak
device were converted to anatomically
defined axes derived from the digitized
bony landmarks.>
Experimental Procedure The ana-
tomical landmarks were palpated and
marked.? Three Fastrak sensors were at-
tached to each participant. Using an ad-
hesive tape, the first sensor was attached
to the skin of the sternum (distal to the
sternal notch), and the second sensor to

786 | DECEMBER 2010 | VOLUME 40 | NUMBER 12 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY

‘ ‘ 40-12 Helgadottir.indd 786

®

11/22/10 3:04PM‘ ‘



the flat part of the acromion. The second
sensor evaluated the clavicle and scapu-
lar rotations. The third sensor, attached
to an elastic strap (Mylatex wrap, 45 cm;
Chattanooga Group, Chattanooga, TN),
was placed distally on the posterior as-
pect of the humerus proximal to the epi-
condyles. These placements have been
used previously?” and validated for these
measurements by comparing surface sen-
sor measurement to sensor fixed to pins
drilled directly in the scapula. The aver-
age root-mean-square error for clavicle
and scapular rotations was within 3°, be-
tween 30° and 120° of arm elevation in
the scapular plane.?

The participant was instructed to sit
in a comfortable upright position, so that
the sacrum was in contact with the back
of the chair, with feet placed parallel on
the floor (FIGURE 2). A flat, vertical surface
was positioned along the lateral aspect of
the participant’s arm to act as a guide to
maintain scapular plane, defined as be-
ing 30° anterior to the frontal plane. The
back of the hand gently contacted the
vertical surface. With a metronome set
at 60 beats per minute, each participant
performed an arm elevation to a count of
3 seconds and a lowering along the same
path to a count of 3 seconds, in a con-
tinuous movement. Before and between
each elevation and lowering of the arm,
the participant was instructed to relax
for 3 seconds. The following instructions
were given to each participant: “Focus
on a point on the chart in front of you,”
and “Allow your hands, shoulders and
arms to assume the position they would
normally assume by the side.” The par-
ticipant was instructed to maintain this
position throughout the digitization and
the GH estimation procedure. Following
this, the raw data from the sensors were
converted into anatomically defined ro-
tations.?? Kinematic data were collected
during 2 elevations of each arm.?**® The
order of testing was randomized. As both
arms were tested, the Fastrak sensors on
the scapula and the arm had to be moved
to the opposite side when testing was
completed on 1 side.

;7 a S
FIGURE 2. Experimental setup. A sensor was attached
to the skin of the sternum, to the flat part of the
acromion and on the posterior aspect of the humerus.
The EMG surface electrodes on the subject were not
utilized in this study.

Data Analysis
The main parameter of interest was scap-
ular orientation during arm elevation in
the scapular plane. The kinematic data for
scapular orientation was described using
2 clavicle rotations (elevation/depression
and protraction/retraction) and 3 scapu-
lar rotations (anterior/posterior tilt, up-
ward/downward rotation, and internal/
external rotation) as dependant variables,
measured with the sensor located on the
scapula (FIGURE 1). A software program
(KINE, Hafnarfjordur, Iceland) calcu-
lated the scapular orientation of each
clavicle and scapular rotation at 30°, 60°,
90°, and 120° of arm elevation. Interpola-
tion was used to retrieve these data. The
data were averaged for the 2 repetitions
of humeral elevation for each participant.
SPSS Version 18 (SPSS Inc, Chicago,
IL) was used for statistical analysis. The
age, weight, and height among the 3
groups were compared by analysis of vari-

ance (ANOVA). For each group, the mean
and standard errors were calculated for
the dependant variables of scapular ori-
entation bilaterally. All data satisfied nor-
mality assumptions, and parametric tests
were subsequently used in all analyses. To
compare scapular orientation among the
3 groups, a mixed-model, 3-way ANOVA
was used, with 1 between-individual fac-
tor (group [IONP, WAD, and controls])
and 2 within-individual factors (side
[arm dominance] and angle [30°, 60°,
90°, and 120° of humeral elevation]).
Full factorial model was used. In the
presence of an interaction, differences
were tested at each level of the interact-
ing variable. The significance level for all
tests was set at .05.

Pearson correlation between the de-
pendant variables and the scores on the
NDI and the VAS were also assessed.
Based on the large number of correla-
tions, a threshold of .5 was established as
a meaningful correlation.

RESULTS

HERE WAS NO SIGNIFICANT DIF-

ference in age, weight, and height

among the 3 groups (TABLE 1). Sum-
mary kinematic group data are illustrated
in TABLE 3, and FIGURES 3, 4, and 5. Based on
visual inspection of the graphs, the gen-
eral pattern in the 3 groups during arm
elevation was for the clavicle to elevate
and retract, and the scapula to upwardly
rotate and posterior tilt. The scapula also
internally rotated until the arm had been
elevated up to 90°, then externally rotat-
ed until the arm reached 120°.

For clavicle elevation, there was a
main effect of side (FLG2 = 4.437, P<.05)
due to a 1.7° (SD, 0.8°) overall greater
clavicle elevation of the nondominant
side compared to the dominant side.
There was also an angle-by-group in-
teraction (Fa_aszm“_07 = 3.708, P = .01),
and group differences were, therefore,
assessed for each angle. Post hoc com-
parisons revealed a significantly greater
clavicle elevation in the WAD group com-
pared to the asymptomatic group at the
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TABLE 3

SuMMARY DATA*

Control IONP WAD Control IONP WAD

Clavicle elevation (+)

Clavicle retraction (+)

30° 123(16) 112(16) 150 (16) 109 (1.4) 113(20) 118(20)
60° 145(12) 142 (17) 179(17) 136(16) 140(23) 153(22)
%0° 171(13) 179(17) 214(17) 157 (17) 168 (2.4) 184(24)
120° 196 (12) 212(17) 241(16) 177 (17) 193 (24) 212(2.3)

30° 279 (L4) 210 (2.0) 252(19) 24.3 (14) 204(19) 219(19)
60° 296 (14) 28.3(20) 26.6(19) 26.8(14) 224(20) 233(19)
90° 32.5(14) 298(19) 285(19) 30.3(L5) 26.0(21) 26.8(2.1)
120° 373(15) 336(21) 324(20) 359 (16) 317(22) 328(22)
Scapular posterior tilt (+)
30° -126(17) -112 (2.4) -15.3(2.4) -11.3(13) -14.3(18) -116(1.8)
60° -10.8(18) -87(25) -132(24) -98(14) -116 2.0) -101(19)
90° -94(18) -62(25) -117 (2.4) ~74 (L4) -91(2.0) -8.3(19)
120° -42(18) -09(25) -6.8(2.5) -53(17) -54(2.4) -48(23)
Scapular upward rotation (+)
30° 00(14) -0.8(19) -07(19) -20(16) -26(22) -36(21)
60° 6.5(L5) 53(21) 58(2.0) 56 (16) 34(23) 29(22)
90° 149 (15) 133(22) 142 (21) 135(L6) 1.0(22) 109(2.2)
120° 246 (17) 233(24) 241(2.3) 219(16) 192 (2.3) 201(23)
Scapular internal rotation (+)
30° 257 (L4) 230(20) 230(19) 277 (13) 286(18) 26.4(18)
60° 272(13) 24.5(18) 258(18) 291(13) 304 (18) 286(18)
90° 286(13) 259(1.8) 280(18) 302 (L4) 315(19) 30.0(19)
120° 254(12) 231(17) 251(17) 267 (13) 281(18)

ated disorder.

Abbreviations: IONP, insidious onset neck pain; NDI, Neck Disability Index; WAD, whiplash

263(18)
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* Data are mean (SEM) degrees. Clavicle elevation was significantly greater in the WAD group (n = 23)
compared to the asymptomatic (control) group (n = 20) at the 90° and 120° angle but only at the 120°
angle compared to the IONP group (n = 21). Clavicle retraction was significantly lower in all groups on
the domi side compared to the d side at the 30°, 60°, and 90° angle, but not the 120°

angle. Scapular tilt was si, Ly different b

the WAD group demonstrated reduced posterior tilt and the IONP group increased posterior tilt.

the IONP and WAD group on the left side, where

90° angle (P<.05) and compared to both
the IONP group (P<.05) and the asymp-
tomatic group (P<.01) at the 120° angle.
No significant difference was observed at
any angle between the IONP group and
the asymptomatic group (FIGURE 3).

For clavicle retraction, there was a sig-
nificant angle-by-side interaction, where-
by the participants responded differently
for sides (Fl_zafm_%6 =14.875, P<.05). Post
hoc comparison revealed significant dif-
ferences between the dominant and the
nondominant side at 30° (P<.01), 60°

(P<.01), and 90° (P<.01) angles, where a
reduced clavicle retraction was observed
on the dominant side compared with the
nondominant side. However, there was
no significant difference at 120° (P = .2).
The main effects for groups were not sig-
nificant (FM1 =2.742, P = .07) (FIGURE 4).

For scapular tilt, the groups respond-
ed differently for sides (Fz,sl =4.492, P =
.01). Group differences, therefore, were
assessed for each side. Post hoc com-
parisons revealed no significant differ-
ences between the symptomatic groups

and the asymptomatic group on either
side, but a significant overall difference
was observed between the 2 symptom-
atic groups on the nondominant side
(P<.05), where the WAD group demon-
strated lesser scapular posterior tilt than
the IONP group (FIGURE 5). Whereas the
control group demonstrated no interlimb
differences (P = .56), the IONP group
demonstrated a 3.5° greater scapular
posterior tilt on the nondominant side
(P<.01). Conversely, the WAD group
scapular posterior tilt was greater by 3.5°
on the dominant side, although this did
not reach statistical significance (P = .06).

There were no group main effects or
interaction effects for scapular upward
rotation and internal rotation. The cor-
relation between scapular tilt on the non-
dominant side in the WAD group and the
scores on the NDI and VAS were .36 and
.49, respectively. The correlation between
the other dependant variables and the
scores on the NDI and VAS was below
.30 in both symptomatic groups.

DISCUSSION

HE RESULTS OF THIS STUDY SUPPORT
Tour hypothesis and suggest a differ-

ent scapular orientation in patients
with cervical disorders compared to as-
ymptomatic people, during dynamic arm
movement. The results further suggest
that individuals with neck pain have an
altered dynamic stability of the scapula,
the presentation of which may, in part,
relate to their diagnoses.

A significantly reduced clavicle retrac-
tion was demonstrated in the symptom-
atic groups and the asymptomatic group
on the dominant side compared to the
nondominant side at the 30°, 60°, and
90° angles but not at the 120° angle. The
WAD group demonstrated increased el-
evation of the clavicle compared to the a-
symptomatic group and the IONP group.
A different finding was demonstrated be-
tween the symptomatic groups in clavicle
elevation and left scapular tilt, suggest-
ing that a difference may exist between
the nature of the impairments between
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25

Clavicle Elevation (deg)

30 60 90 120
Arm Elevation (deg)
—&— Control IONP == WAD

Clavicle Retraction (deg)

30 60 90 120
Arm Elevation (deg)
—o— Right side Left side

FIGURE 3. Mean (SEM) clavicle elevation during
arm elevation. Abbreviations: IONP, insidious onset
neck pain; WAD, whiplash-associated disorder.
*Statistically significant difference between WAD and
control (P<<.05). tStatistically significant difference
between WAD and IONP (P<.05).

these groups of patients. The impair-
ments demonstrated in the WAD group
are similar to those reported in patients
with shoulder problems.??30:3134

For clavicle retraction, an interaction
was demonstrated with side and angle
(FIGURE 4). This finding corresponds to
former studies in which clavicle retrac-
tion was typically reduced on the domi-
nant side compared to the nondominant
side.*® This may be related to more use of
the dominant arm compared to the non-
dominant arm and may reflect short over-
active pectoral muscles and inefficiency in
the trapezius muscle to retract the scapula
and resist the activity of the serratus an-
terior. The middle trapezius is the main
retractor, but the transverse-orientated
fibers of upper and lower trapezius as-
sist the action.”® Reduced extensibility
and overactivity in the pectoralis minor
through attachment to the coracoid pro-
cess, and the pectoralis major through at-
tachment to the humerus, may influence
the retraction of the clavicle.*!

A different finding was revealed be-
tween the symptomatic groups in clavicle
elevation and left scapular posterior tilt.
The WAD group demonstrated an in-
creased clavicle elevation and decreased
left scapular posterior tilt compared to
the IONP group. It has recently been
suggested that clavicle elevation may
be coupled with scapular anterior tilt

FIGURE 4. Mean (SEM) clavicle retraction during
arm elevation for the right and left sides. *Significant
interlimb difference (P<.01).

where increased elevation of the clavicle
is coupled with increased anterior tilting
of the scapula.*’ This abnormality may
reflect inefficiency in the action of the
serratus anterior and lower trapezius,
failing to generate normal posterior tilt
and prevent excessive elevation of the
scapula.?>®*#1 The contribution of the
middle trapezius may also be important
to reduce clavicle elevation, as it has been
demonstrated that a voluntary reduction
of the upper trapezius activity, when the
arm is elevated, increases mainly the ac-
tivity of the rhomboids, the middle tra-
pezius, and the serratus anterior.*® The
reduced posterior tilt is considered to be
associated with short overactive pectora-
lis minor.** However, increased activity
in the levator scapulae and the rhom-
boid muscles®® may explain the increased
scapular posterior tilt observed in the
IONP group (FIGURE 5).*

A difference in the activity of the up-
per trapezius has been found between
patients with WAD and IONP, where
patients with WAD had a tendency for
higher and longer muscle activation
patterns of the trapezius during upper
limb tasks,?” reduced ability to relax af-
ter tasks,’ and significantly higher EMG
amplitude in the muscle compared to
patients with IONP.* However, reduced
activity has been observed in the upper
trapezius in patients with acute WAD
(within 6 months from injury) during
upper limb tasks. It has been suggested

-15 T T

Scapular Posterior Tilt (deg)
&
S
L
W{A
H

Left Side Right Side

—&— Control IONP  =—a— WAD

FIGURE 5. Mean (SEM) posterior tilt of the scapula
through arm elevation for the left and right sides.
Abbreviations: IONP, insidious onset neck pain; WAD,
whiplash-associated disorder. *Statistically significant
difference between WAD and IONP (P<.05).

that the difference between patients with
acute and chronic WAD may be explained
by a greater level of pain and disability in
the patients with chronic WAD.?®

Interestingly, a different finding has
been reported between patients with
shoulder problems, in which patients
with instability demonstrated less-elevat-
ed shoulders and patients with impinge-
ment syndrome more elevated shoulders
on the symptomatic side compared to
the asymptomatic side.*® This difference
in the scapular tilt between the symp-
tomatic groups observed only on the
nondominant side cannot be related to
increased symptoms on that side, as the
majority of the patients who participated
had bilateral symptoms in the neck area.
This finding may, however, be related
to decreased proprioception around the
shoulders, which has been reported in
patients with WAD,*? in association with
less awareness and use of the nondomi-
nant arm compared to the dominant arm.
Interestingly, EMG amplitude has been
reported to increase in the left upper tra-
pezius but decrease in the right trapezius
during repetitive upper limb tasks in pa-
tients with cervical disorders compared
to asymptomatic people.’

It has been argued that the presence
of pain in the neck area may lead to al-
tered activity in the scapular muscles, due
to changes in the feed-forward response
of the nervous system? or selective reflex-
ive inhibition.** This altered activity may
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occur to minimize the activation of the
painful muscles?®® or may reflect effort to
compensate for inhibited muscles.?® The
increased clavicle elevation demonstrated
in the WAD group may also be connected
in some way to neural guarding, as the
upper trapezius may contract to reduce
compression on the brachial plexus.®

The results of this study suggest that
altered dynamic stability of the scapula
may be present in patients with cervical
disorders and demonstrate a difference
in the impairments between patients with
IONP and WAD. The results suggest that
similar impairments may be found in
patients with WAD, as in patients with
shoulder disorders,* but imply that pa-
tients with IONP may have different im-
pairments than those previously reported.

Further studies are needed to provide
information concerning the contribution of
the scapular muscles in maintaining nor-
mal scapular orientation, with arms by the
side and during arm elevation, in patients
with cervical disorders. Information is
needed to determine if the upper trapezius
demonstrates proportionally reduced activ-
ity when the arms are by the side in patients
with IONP, compared to asymptomatic
people, and proportionally increased ac-
tivity when the arm is elevated or if the ac-
tivity is also low during arm elevation and
the contribution of levator scapulae and the
rhomboid muscles is increased. Fine-wire
electrodes measuring the activity of the le-
vator scapulae and the rhomboid muscles,
with surface EMG to measure the activity
of the trapezius and the serratus anterior,
would provide further information about
the contribution of each muscle.

The fact that the correlation between
the dependant variables and the scores
on the NDI and the VAS was not higher
(r<0.5) suggests that pain or impairment
in the neck area may partly be associated
with dynamic stability of the scapula that
is probably multifactorial in its genesis.

The limitation of the study was that
surface sensors may be distorted by skin
motion, which is, however, considered
minimal within the first 120° of arm
elevation.?? Secondly, while the results

only present mean values for each group,
a great variability was observed within
each group. Therefore, these findings
should not be generalized to all patients
with neck pain. Thirdly, evaluating for
restriction in extensibility in the pectoral
muscles might have provided informa-
tion about the relationship of a restric-
tion to alteration in scapular orientation.?

CONCLUSION

SIGNIFICANTLY REDUCED CLAVICLE

retraction was demonstrated in

the symptomatic groups and the
asymptomatic group, on the dominant
side compared to the nondominant side,
at the 30°, 60°, and 90° angles but not
the 120° angle. The WAD group dem-
onstrated an increased elevation of the
clavicle, compared to the asymptomatic
group and the IONP group, and reduced
scapular posterior tilt on the nondomi-
nant side compared to the IONP group.
This finding suggests that a difference
may exist between the nature of the im-
pairments between these groups of pa-
tients. The altered scapular orientation
observed in this study suggests that an
altered dynamic stability of the scapula
may be an important mechanism for
maintenance, recurrence, or exacerbation
of symptoms in these patients. ®

Il KEY POINTS

FINDINGS: In arm elevation, a reduced
retraction of the clavicle is observed

on the dominant side compared to the
nondominant side in individuals with
neck pain and asymptomatic individu-
als. Individuals with neck pain following
a motor vehicle accident have increased
clavicle elevation compared to people
with no pain and people with neck pain
and no history of a motor vehicle ac-
cident. They also have reduced scapular
posterior tilt on the nondominant side
compared to people with neck pain and
no history of motor vehicle accident.
IMPLICATION: People with whiplash-
associated disorder have impairments
similar to those with shoulder pain.

| RESEARCH REPORT ]

People with neck pain and no history of
a motor vehicle accident demonstrate
different impairments.

CAUTION: A high level of variability is
observed among individuals. Therefore,
these findings may not be generalized to
all patients with neck pain.
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