Clavicular and scapular, but not spinal kinematics vary with scapular dyskinesis type during arm elevation and lowering in persons with neck pain 
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Abstract 
[bookmark: _Hlk105426905]Background: Scapular dyskinesis is often observed in patients with neck pain. However, it is unknown whether clavicular, scapular and spinal kinematics vary with different types of scapular dyskinesis during arm movement. 
Research question: Are there differences in clavicular, scapular and spinal kinematics during unilateral arm elevation and lowering among neck pain patients presenting with (i) scapular winging, (ii) with dysrhythmia, (iii) with no scapular abnormality and (iv) healthy controls? 
Methods: Sixty participants with neck pain (20 in each group) and 20 asymptomatic controls were recruited. The 3D kinematic data were measured during unilateral arm elevation and lowering at 30°, 60°, 90°, and 120° in the scapular plane. A three-way mixed-effects ANOVA was used to determine the main effects (group, phase and angle) and the interactions between three independent variables on the kinematic data.
Results: The neck pain group with scapular winging had decreased clavicular retraction and increased scapular internal rotation and anterior tilt compared to the other neck pain and control groups at all angles during both phases of arm movement (p < 0.01). The neck pain group with scapular dysrhythmia had decreased scapular upward rotation compared to all other groups (p < 0.01). Some alterations in the kinematics existed during the lowering phase compared to the raising phase for all groups (p < 0.05). Spinal kinematics were similar across all groups (p > 0.05). 
Significance: Specific patterns of clavicular and scapular kinematics were identified during arm movement relevant to the type of observed scapular dyskinesis in patients with neck pain. Such findings stand to inform more precise and relevant motor training in rehabilitation and improve understanding of the association between altered scapular kinematics and neck pain. 
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1. Introduction
[bookmark: _Hlk105424802][bookmark: _Hlk105528834][bookmark: _Hlk105436040]Scapular dyskinesis has been associated with neck pain [1, 2] and attributed to the anatomical link between the cervical spine and scapulae via the axio-scapular muscles [3, 4]. Upper limb loading induces motion of cervical segments [5]. This loading may induce strain-related cervical joint pain and restrict upper limb activity. Clinically, patients often report that their neck pain is aggravated with upper limb activities such as lifting and carrying [6-8], which reflects this potential for adverse loading on cervical structures secondary to scapular dyskinesis [3, 9].
Consistent with these observations, changes in kinematics of the clavicle and scapula during arm elevation have been demonstrated in patients with neck pain compared to healthy controls [1, 10, 11]. These include reduced claviclular retraction and increased scapular downward rotation, external rotation and posterior tilt on the dominant side and increased scapular downward (or medial) rotation and internal rotation on the non-dominant side [1, 10, 11]. However, scapular dyskinesis is not present in all patients with neck pain [1, 12, 13]. These previous studies have treated their cohorts as a single group and not considered any influence of the presence or not of scapular dyskinesis. In addition, kinematics were measured on the participant’s dominant upper limb and not necessarily the side of neck pain [1, 10, 11]. Arm movements produce different ranges and patterns of spinal motion [14-16], but spinal kinematics during arm elevation has not been explored in patients with neck pain. A lack of consideration of these variables means that there is not a clear picture of scapular, clavicular or spinal kinematics in this patient group. 
[bookmark: _Hlk94697334]Furthermore, clinical observation of arm movement suggests that when scapular dyskinesis is present in association with neck pain, different types of scapular dyskinesis may present, in particular scapular winging and dysrhythmia [12, 13]. Scapular winging is usually related to impaired serratus anterior function whereas dysrhythmia suggests a general lack of axio-scapular muscle control [17, 18]. Thus, whether presence or type of scapular dyskinesis influences clavicular, scapular and spinal kinematic measurements of arm elevation and lowering in patients with neck pain remains unknown. Additionally, while attention has been given to the lowering or the eccentric phase of arm movement in patients with shoulder pain [19-21], to date this has not been examined in neck pain populations. Understanding kinematic patterns in association with neck pain and different types of dyskinesis might improve understanding of common functional complaints [6-8] and the potential for adverse cervical spine loading. Such understanding may ultimately direct specific rehabilitative exercises to strengthen muscles and improve motor control. 
[bookmark: _Hlk94695520][bookmark: _Hlk94630886]The purpose of this study was to investigate clavicular, scapular and spinal kinematics during both unilateral arm elevation and lowering in patients with neck pain with observed (i) scapular winging, (ii) scapular dysrhythmia, (iii) no scapular dyskinesis and compare them to asymptomatic controls with no scapular abnormality. In comparing the neck pain groups with scapular dyskinesis to the neck pain and control groups without scapular dyskinesis, it was hypothesized that there would be specific patterns of clavicular, scapular and spinal kinematics in neck pain patients with different types of scapular dyskinesis for all angles of arm elevation and lowering. 

2. Methods
2.1. Participants
Sixty participants with neck pain and 20 adults without neck pain aged between 18 to 59 years old were recruited for this cross-sectional study. Participants with neck pain were recruited from local hospitals, physical therapy clinics, the university and community, based on the following inclusion criteria: neck pain on the dominant side for more than 3 months, an average neck pain intensity of ≥ 3 on a 0-10 cm Visual Analog Scale (VAS) in the past week, a current Neck Disability Index (NDI) score of at least 10/100. Participants with neck pain were recruited into one of the three groups on the basis of observational analysis of arm movement: 20 with definite scapular winging, 20 with definite scapular dysrhythmia and 20 with no obvious abnormal scapular movement. The requirement that scapular dyskinesis was both present on the painful side of the neck and the side of hand dominance was to negate the variable of hand dominance. In the observational analysis, scapular winging was defined when the medial border/inferior angle of the scapula was posteriorly displaced away from the thorax. Dysrhythmia was defined as premature or excessive elevation or protraction, non-smooth or a stuttering motion, during arm elevation or lowering, or rapid downward rotation during arm lowering [12, 13, 22]. Scapular dyskinesis was evaluated by an experienced physiotherapist. Inter-rater reliability for observation of scapular dyskinesis for this study was good (kappa = 0.73, percent agreement = 80%).
A convenience sample of 20 participants without neck pain were recruited from the university and community. Requirements were no history of neck pain in the past year and no observable abnormal scapular movement. The exclusion criteria for all participants were a history of head and neck injury or surgery, any known shoulder pathology or impairment, neurologic conditions and any musculoskeletal problems that could affect scapular movements. The study was approved by the Institution’s ethical review committee for research in humans (No. AMSEC-62EX-049) and was conducted in accordance with the declaration of Helsinki. All participants provided informed consent prior to commencement of the study.
Sample size estimation was based on a pilot study of clavicular and scapular kinematics in 24 patients with neck pain (8 with scapular winging, 8 with scapular dysrhythmia and 8 with no abnormal scapular movement) and 8 asymptomatic controls. Effect size ranged from 0.23 to 0.51 with a power of 80% and a significance level of 0.05. The smallest effect size was chosen for calculating sample size, so a minimum sample size required for the study was 80 participants (20 per group).

2.2. Instruments 
3D clavicular, scapular and spinal kinematic data were recorded using a motion analysis system consisting of 10 cameras (Eagle cameras, Motion Analysis Corporation, Santa Rosa, CA, USA) at a sampling frequency of 120 Hz. Reflective markers were attached to bony landmarks with adhesive tapes on the sternal notch, spinous processes of C7 and T8 vertebrae, medial and lateral humeral epicondyles, 5 cm above lateral humeral epicondyle and olecranon process, ulnar and radial styloid processes (over and 5 cm above), lower ribs, anterior iliac anterior superior iliac spine (ASIS) and posterior superior iliac spine (PSIS) [23-25]. Reflective markers attached to a piece of Velcro were fastened to the participant’s head [26]. Acromion marker cluster (AMC), an ‘L’ shaped plate with three reflective markers was attached on the flat part of acromion where the acromion meets the spine of the scapula with one section of the AMC pointing anterior to the scapular plane, and the other following the spine of the scapula [24, 25]. A calibration wand was used to determine the location of the sternoclavicular joint with respect to the thorax markers, and to determine the acromioclavicular joint and scapular anatomical landmarks with respect to the AMC prior to data collection [24, 25]. The AMC method has been shown to be a reliable and valid measurement of scapular movement [24, 25, 27]. 

2.3. Experimental procedure
The 3D kinematic data were collected on the dominant side for all participants (which was also painful side in the neck pain groups) in accord with previous studies [24, 25]. Participants stood in a relaxed position with their feet hip-width apart. Male participants were asked to remove their shirts and female participants to wear a bra or vest to avoid marker occlusions from the cameras. Participants performed three consecutive repetitions of weighted unilateral arm elevation and lowering in the scapular plane in a neutral rotation, thumb-up position over a range of 120° during a 6-second count (3-second count for elevation and 3-second count for lowering) (Fig. 1). The weight use was 1-kg for women and 2-kg for men [12]. Two leader sticks were positioned along the lateral aspect of the participant’s arm to act as a guide to maintain movement in the scapular plane, defined as being 30° anterior to the frontal plane [28]. Participants performed one practice trial of arm elevation and lowering for the familiarization. The examiner was blinded to the participant’s group status. 

2.4. Data managements and statistical analyses
[bookmark: _Hlk105528949]The kinematic data were analysed using a custom written Matlab (Mathworks, USA) script. The software contained commands to determine the location of the clavicle and scapula anatomical landmarks in the global coordinate system based on their calibrated location with respect to the thorax and AMC markers. The glenohumeral joint centre was estimated using the pivot point of the helical axis between the scapular and humerus [29]. Subsequently, local coordinate systems, were created based on the location of the anatomical landmarks following ISB recommendations [23]. The movement of the clavicle and scapula with respect to the thorax was determined following Euler rotation sequences of clavicular elevation (+ve)/depression (-ve) (Y), clavicle protraction (+ve)/retraction (-ve) (Z), and scapular internal (+ve)/external rotation (-ve) (Y), scapular upward (+ve)/downward (-ve) rotation (X) and posterior tilt (+ve) / anterior tilt (-ve) (Z) [23-25]. All upward rotation angles were multiplied by -1 to obtain more easily interpretable data, with an increase in value corresponding to upward rotation of the scapula. Spinal kinematics were determined based on a Euler angle sequence of neck extension (+ve)/flexion (-ve) (Z), right (+ve)/left (-ve) neck lateral flexion (X), left (+ve)/right (-ve) neck rotation (Y), and thoracic extension (+ve)/flexion (-ve) (Z) and pelvic posterior (+ve)/anterior tilt (-ve) (Z). 
The kinematic data were analyzed at 30°, 60°, 90°, 120° for both the arm elevation and lowering. Data were averaged across the three repetitions for analysis. The Shapiro-Wilk test was used to assess normality of data. One way analysis of variance (ANOVA) was used to determine any differences in participants’ demographic data and characteristics of neck pain. A three-way mixed-effects ANOVA was used to investigate differences in the clavicular, scapular and spinal kinematics, with group as the between-subjects factor and phase and angle as within-subject factors. When a three-way interaction was not significant, two-way interactions were investigated. If there were any interaction effects, the differences were estimated at each level. Main effects were considered only if no two-way interactions were found. All statistical analyses were conducted using SPSS software. The level of statistical significance was set at p < 0.05. 

[bookmark: _Hlk94447432]3. Results 
3.1. Participants
[bookmark: _Hlk105758067]There were no differences in demographic data between the groups (all p > 0.05, Table 1). Participants in the neck pain groups had similar characteristics with respect to pain duration, pain intensity and neck disability (all p > 0.05). All participants in the neck pain groups reported that their neck pain was aggravated by one or more upper limb activities such as carrying, lifting, holding and cleaning. 

3.2. Kinematics 
3.2.1. Clavicular kinematics 
[bookmark: _Hlk92289356][bookmark: _Hlk94436926][bookmark: _Hlk94630547]There was no significant group x angle x phase interaction for the clavicular protraction/retraction, but there was a significant interaction for elevation/depression (Table 2). There were no significant group x angle and group x phase interactions for either movement (Table 2). When comparing between the groups, the neck pain group with scapular winging had significantly decreased clavicular retraction than the other two neck pain groups (scapular dysrhythmia and no abnormality) and the control group at all angles during both arm raising and lowering phases (p < 0.01, Fig. 2). The neck pain group with scapular dysrhythmia had significantly decreased clavicular elevation compared to the neck pain group with winging at 60 degrees during the raising phase (p = 0.04, Fig. 2). 
When comparing between the phases for each group, more clavicular retraction was identified in the lowering (eccentric) phase compared to the raising (concentric) phase (p < 0.01). 

3.2.2. Scapular kinematics 
There were no significant group x angle x phase interactions for all scapular movement directions (Table 2). There were also no significant group x angle and group x phase interactions in any direction (Table 2). When comparing between the groups, the neck pain group with scapular winging had significantly increased scapular internal rotation and anterior tilt than the other neck pain groups (scapular dysrhythmia and no abnormality) and the control group at all angles for both arm raising and lowering phases (p < 0.01, Fig. 3). The neck pain group with scapular dysrhythmia had significantly decreased scapular upward rotation compared to the other neck pain groups (scapular winging and no abnormality) and the control group at all angles during both arm raising and lowering phases (p < 0.01, Fig. 3). 
When comparing between the phases for each group, more downward rotation was identified in the lowering (eccentric) phase compared to the raising (concentric) phase (p < 0.01). 

3.2.3. Spinal (neck, thoracic and pelvic) kinematics 
[bookmark: _Hlk94630771]There were no significant group x angle x phase interactions for all direction of neck, thoracic and pelvic movements (Table 2). There were also no significant group x angle and group x phase interactions for all directions of spinal movements (Table 2). No between-group differences were found in any spinal movement at any angle during both arm raising and lowering phases (Table 2). When comparing between the phases for each group, more neck flexion, lateral flexion to the right, thoracic extension and anterior pelvic tilt were identified in the lowering (eccentric) phase compared to the raising (concentric) phase (p < 0.05, Fig. 4).

4. Discussion
[bookmark: _Hlk105915707][bookmark: _Hlk94630747]Previous studies have documented altered clavicular and scapular kinematics during arm movement in patients with neck pain [1, 10, 11]. The present study provides new insights showing that specific alterations in clavicular and scapular but not spinal kinematics during arm elevation and lowering does depend on the type of scapular dyskinesis present, allowing us to accept part of our hypothesis. Neck pain patients with scapular winging (observable medial border and inferior angle prominence) had reduced clavicular retraction and increased scapular internal rotation and anterior tilt. Those with scapular dysrhythmia (observable non-smooth motion/rapid downward rotation) had reduced scapular upward rotation during both arm elevation and lowering but no notable changes in clavicular movement. Neck pain patients and controls without scapular dyskinesis had similar clavicular and scapular kinematics. The overall results suggest alterations in clavicular and/or scapular kinematics are specifically observed when scapular dyskinesis is present in patients with neck pain. However, a relationship between neck pain and the scapular dyskinesis and neck pain cannot be drawn from this study. 
[bookmark: _Hlk105831741]The results verify a biomechanical relationship identified between the humeral, scapular and spinal movements [14-16]. Small, but significant changes in spinal kinematics (neck flexion and lateral flexion to the right, thoracic extension and anterior pelvic tilt) were demonstrated from 30° to 120° during arm elevation and lowering. This may be influenced by gravity and muscle activity/force, which are different between arm elevation (concentric contraction) and lowering (eccentric contraction) [30]. However, the differences in spinal movement at the various ranges of movement were similar across all groups, suggesting that scapular dyskinesis does not alter spinal kinematics as such. Previous studies have measured the degree of spinal motion at full unilateral arm elevation in sagittal and scapular planes [14, 16]. Of interest, we have shown that the interrelationship between spinal and arm movement occurs throughout arm elevation, and it is not just an end of range phenomenon. Functional imaging methods (e.g., functional radiography) may further specify segmental spinal mobility during arm movement [31]. 
Scapular dyskinesis has been shown to be more prominent in the lowering (eccentric) phase of arm movements [19, 32, 33]. In the current study, the neck pain groups with scapular dyskinesis did not show greater phase effects (concentric vs. eccentric) than the groups with no scapular dyskinesis. In each of our groups, more scapular downward rotation and clavicular retraction occurred in the eccentric phase. This contrasts to the greater scapular tipping and internal rotation displayed in the eccentric phase by patients with shoulder pain [19-21]. We also observed slightly more spinal movement in the eccentric phase of arm lowering, which might reflect different demands in neuromuscular control strategies [34]. However, differences were small and would probably not impact on the clavicular, scapular and spinal kinematics during arm movement.
[bookmark: _Hlk105914366]Activity of the axioscapular muscles was not measured in this study, but the altered movement patterns and control have previously been aligned with certain muscle function deficiencies, suggesting a change in motor control strategies [35, 36]. Scapular winging is primarily associated with muscle weakness or altered activation of serratus anterior and would account for both the increased anterior tilt and internal rotation of the scapula [18, 37], which may be accompanied by the reduced retraction of the clavicle due to the ligamentous and capsular attachments between the scapula and the clavicle [38, 39]. Scapular winging may also be related to tightness of the pectoralis minor and weakness of the middle trapezius and/or rhomboid muscles [18, 39, 40]. Scapular dysrhythmia, predominantly presenting with reduced upward rotation, could reflect uncoordinated and reduced activity in both the lower trapezius and serratus anterior muscles, in association with an overactive and tight levator scapulae and rhomboid muscles and lengthened upper trapezius [17, 37, 39]. This suggests that different rehabilitation strategies will be required depending on the type of dyskinesis observed with neck pain. A clinical trial of training of specific axio-scapular muscles in neck pain patients with each type of scapular dyskinesis is needed to test this assumption as well as furthering our understanding of the role of arm movement and load as an aggravator of neck pain. Of clinical relevance, the different scapular kinematics documented in this study also corresponded well to the clinical observation used to identify the different types of scapular dyskinesis for participant inclusion, which supports the use of visual observation for scapular dysfunction in clinical practice. 
There are strengths and limitations in this study. A strength is that we recruited participants whose neck pain was on the side of the dominant hand as hand dominance can affect clavicular and scapular kinematics [1, 10, 11]. Therefore, we have some confidence that the differences in the kinematics between the groups were related to scapular dyskinesis associated with neck pain and not hand dominance. Reflective markers and acomion marker cluster may be distorted by skin motion, however humeral elevation angles in this study were calculated between 30° and 120° to reduce possible measurement errors [41].  

5. Conclusion
In patients with neck pain, clavicular and scapular kinematics during arm elevation and lowering are dependent on the type of scapular dyskinesis (scapular winging and dysrhythmia). During arm elevation, scapular winging was associated with increased scapular internal rotation and anterior tilt while scapular dysrhythmia was associated with decreased scapular upward rotation. Specific movement patterns in each type of scapular dyskinesis provide directions for more efficacious rehabilitation programs to clearly understand the association between altered scapular kinematics and neck pain. 
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Table 1 Demographic and clinical characteristics of participants.
	
	Neck pain (n = 60)
	Asymptomatic controls 
(n = 20)

	
	Scapular winging 
(n = 20)
	Scapular Dysrhythmia 
(n = 20)
	No scapular abnormality
(n = 20)
	

	Age (years)
	37.0 ± 9.8
	40.0 ± 10.9
	33.1 ± 8.2
	34.5 ± 6.5

	Gender (% female)
	65.0
	60.0
	75.0
	70.0

	Body mass index (kg/m2)
	22.4 ± 2.8
	23.2 ± 3.2
	21.7 ± 2.9
	21.5 ± 2.7

	Hand dominance (% right)
	85.0
	95.0
	85.0
	95.0

	Pain duration (months)
	31.5 ± 11.9
	28.2 ± 13.9
	26.3 ± 12.8
	-

	Pain intensity (0 - 10 VAS)
	4.1 ± 0.5
	4.0 ± 0.4
	4.4 ± 0.8
	-

	Neck disability (% NDI)
	28.0 ± 9.4
	30.6 ± 10.4
	25.3 ± 10.2
	-


Data are presented as mean ± SD unless otherwise indicated. 
NDI = neck disability index, VAS = visual analogue scale






Table 2 Results of three-way repeated measures ANOVA for the clavicular, scapular and spinal (neck, thoracic and pelvic) kinematics.
	Kinematics
	Effect
	F
	p-value

	Clavicle
	
	
	

	     Protraction/retraction
	Group
	5.31
	<0.01

	
	Phase
	37.79
	<0.01

	
	Angle
	165.88
	<0.01

	
	Group x phase
	0.58
	0.63

	
	Group x angle
	1.15
	0.34

	
	Phase x angle
	2.55
	0.07

	
	Group x phase x angle
	0.36
	0.93

	     Elevation/depression
	Group
	2.47
	0.07

	
	Phase
	0.41
	0.52

	
	Angle
	401.44
	<0.01

	
	Group x phase
	0.62
	0.60

	
	Group x angle
	0.83
	0.53

	
	Phase x angle
	3.20
	0.04

	
	Group x phase x angle
	3.29
	<0.01

	Scapula
	
	
	

	     Upward/downward rotation
	Group
	9.17
	<0.01

	
	Phase
	28.11
	<0.01

	
	Angle
	483.29
	<0.01

	
	Group x phase
	0.01
	1.00

	
	Group x angle
	1.34
	0.26

	
	Phase x angle
	35.61
	<0.01

	
	Group x phase x angle
	1.59
	0.15

	     Posterior/anterior tilt
	Group
	13.34
	<0.01

	
	Phase
	1.27
	0.26

	
	Angle
	88.85
	<0.01

	
	Group x phase
	1.42
	0.24

	
	Group x angle
	1.52
	0.21

	
	Phase x angle
	28.82
	<0.01

	
	Group x phase x angle
	1.15
	0.34

	     Internal/external rotation
	Group
	7.35
	<0.01

	
	Phase
	0.40
	0.53

	
	Angle
	11.54
	<0.01

	
	Group x phase
	0.85
	0.47

	
	Group x angle
	1.95
	0.11

	
	Phase x angle
	22.90
	<0.01

	
	Group x phase x angle
	1.19
	0.32

	Neck
	
	
	

	     Extension/flexion
	Group
	0.29
	0.84

	
	Phase
	27.74
	<0.01

	
	Angle
	63.95
	<0.01

	
	Group x phase
	0.69
	0.56

	
	Group x angle
	1.93
	0.11

	
	Phase x angle
	3.43
	0.04

	
	Group x phase x angle
	0.62
	0.71

	     Lateral flexion right/left
	Group
	0.35
	0.79

	
	Phase
	5.08
	0.03

	
	Angle
	0.82
	0.49

	
	Group x phase
	0.29
	0.83

	
	Group x angle
	0.64
	0.63

	
	Phase x angle
	0.25
	0.68

	
	Group x phase x angle
	1.21
	0.31

	     Rotation left/right
	Group
	0.41
	0.75

	
	Phase
	0.05
	0.82

	
	Angle
	1.62
	0.19

	
	Group x phase
	0.26
	0.85

	
	Group x angle
	1.63
	0.17

	
	Phase x angle
	0.73
	0.49

	
	Group x phase x angle
	0.49
	0.82

	Thoracic
	
	
	

	     Extension/flexion
	Group
	2.05
	0.11

	
	Phase
	5.06
	0.03

	
	Angle
	79.41
	<0.01

	
	Group x phase
	0.19
	0.90

	
	Group x angle
	1.09
	0.37

	
	Phase x angle
	7.32
	<0.01

	
	Group x phase x angle
	1.56
	0.17

	Pelvic
	
	
	

	     Posterior/anterior tilt
	Group
	1.36
	0.26

	
	Phase
	7.98
	0.01

	
	Angle
	99.16
	<0.01

	
	Group x phase
	0.86
	0.47

	
	Group x angle
	0.83
	0.54

	
	Phase x angle
	4.51
	0.01

	
	Group x phase x angle
	0.20
	0.98
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Fig. 1. Experimental setup
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Fig. 2. Mean and standard error of clavicular kinematics during arm elevation and lowering between groups (neck pain with scapular winging, scapular dysrhythmia and no scapular abnormality, and asymptomatic controls). *Significant differences between scapular winging and the other groups (p < 0.01), 𝜙Significant differences between scapular winging and dysrhythmia (p < 0.05)


[image: ]
Fig. 3. Mean and standard error of scapular kinematics during arm elevation and lowering between groups (neck pain with scapular winging, scapular dysrhythmia and no scapular abnormality, and asymptomatic controls). *Significant differences between scapular winging and the other groups, #Significant differences between scapular dysrhythmia and the other groups (p < 0.01)
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Fig. 4. Mean and standard error of spinal (neck, thoracic and pelvic) kinematics during arm elevation and lowering between groups (neck pain with scapular winging, scapular dysrhythmia and no scapular abnormality, and asymptomatic controls).
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