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Abstract – The aim of the present study was to compare scapular kinematics whilst using the ‘silver standard’ scapular locator (SL) method and the acromion marker cluster (AMC) method during arm elevation and, for the first time, the lowering phase. Participants completed arm elevation and lowering in the sagittal plane to 5 discrete angles (0°, 30°, 60°, 90°, 120°). At each angle, concurrent SL and AMC recordings of scapular position were made using a Vicon MX T-series motion analysis system. There was no significant difference (p>0.05) between methods for scapular internal and upward rotation (max mean differences of -1.6°±5.7 and 2.2°±5.0) during both arm elevation and arm lowering. There was a significant difference (p=0.03) between methods for posterior tilt during both elevation and lowering phases (max mean difference = 5.7°±8.0). The AMC method for measuring scapular kinematics is comparable to the ‘silver standard’ SL method for internal rotation and upward rotation when measuring scapular kinematics during both arm elevation and lowering. 
1. Introduction
The scapular locator (SL) method has recently been coined the ‘silver standard’ for measuring scapular kinematics [1], but is limited by the static nature of the measurements. The attachment of an electromagnetic sensor, or cluster of active markers, has been used to overcome difficulties in the measurement of dynamic scapular kinematics. This method has been shown to be valid when compared to bone pins [2], and an SL [3,4] up to 120 degrees during the arm elevation phase only. The eccentric, lowering phase, has different scapular kinematics to the elevation phase and is thought to compound the issue of reduced sub-acromial space causing shoulder impingement as scapular winging occurs [5,6]. The aim of this study therefore was to examine the validity of using an acromion marker cluster (AMC) compared to the ‘silver standard’ SL method during both arm elevation and lowering phases.
2. materials and methods
Eleven participants (mean age ± standard deviation = 28±7.5, females=8) who were right hand dominant and had no previous history of shoulder pain or surgery took part in the study. Participants gave informed consent and the study was approved by the School of Health Sciences Ethics Committee.

Anatomical markers were attached to the sternal notch (IJ), xyphoid process (PX), T8 and C7 vertebrae, radial (RS) and ulna styloid (US). An AMC was attached to the flat portion of the acromion using double sided tape. A ‘marker wand’ was used to locate the acromion angle (AA), medial spine (TS) and inferior angle (AI) bony landmarks of the scapula and virtual markers were placed within the local coordinate system (LCS) of the AMC. Bony landmarks, segment definition, local coordinate systems and Euler angle sequences were defined according to ISB recommendations [7]. A Vicon MX T-series motion analysis system was used to record marker positions at 100Hz.
The SL consisted of two adjustable ‘arms’ with three ‘legs’ underneath. The participant adopted a prone position and the orientation of the three legs was adjusted so that they were located over the AA, TS and AI. Three markers were attached to the front side of the SL and the marker wand was then used to determine the position of the tips of the three legs in relation to the LCS formed by these three markers.
Participants performed elevation of their right upper limb in the sagittal plane to 0°, 30°, 60°, 90°, and 120° sequentially. At each elevation angle the SL was placed onto the participant, and a concurrent capture for 3 seconds of all markers on the participant and SL was made. After each capture the participant lowered their arm and rested before moving to the next elevation angle. Once all elevation angles were completed the process was then repeated with the participants elevating their arm to 180 degrees first then lowering their arm to the appropriate angle.
A repeated measures ANOVA was used to compare differences between AMC and SL measurements of scapular kinematics.

3. results
During arm elevation the scapula moved through internal rotation, upward rotation (Figure 1) and posterior tilt for both SL (5.76°, 25.43°, 6.08°; respectively) and AMC (4.21°, 23.2°, 10.0°; respectively) methods. There was no significant difference between AMC and SL methods for internal (p=0.48; maximum mean difference = -1.6°±5.7; Table 1) or upward (p=0.44; maximum mean difference =2.2°±5.0; Table 1) rotation of the scapula during raising or lowering phases. There was a significant increase in posterior tilt measured by the AMC compared to the SL (p=0.03; maximum mean difference = 5.7±8.0; Table 1).
4. disscussion and conclusions

	
	Elevation phase
	Lowering phase

	Arm elevation
	23. 2°±10.2
	49.2°±16.3
	82.3°± 9.6
	122.5°±9.43
	119.2°±12.2
	74.5°±13.2
	46.7±9.51
	21.2°± 6.7
	-0.3°±6.4

	Internal rotation
	-0.8°±2.1
	0.1°±2.7
	-1.6°± 4.7
	-1.6°± 5.7
	-1.6°± 5.4
	-0.1°± 4.2
	-0.1°± 3.4
	-1.0°± 3.2
	0.0°± 2.2

	Upward rotation
	1.7°±3.0
	0.7°±1.6
	0.6°±3.9
	2.2°±5.0
	1.4°± 7.0
	-1.3°± 4.7
	-0.6°± 3.4
	0.5°± 3.1
	-0.3°± 1.8

	Posterior
tilt
	0.4°±1.5
	0.8°±3.9
	2.2°±6.4
	3.9°±8.1
	5.7°± 8.0
	1.9°±5.4
	1.2°± 2.6
	1.7°± 2.4
	0.9°± 2.5


The present study has shown that there are no significant differences between AMC and SL methods for measuring scapular kinematics up to 120 degrees arm elevation for internal and upward rotation. Results are within the limits described by Karduna [2], 11.4 and 5.9 for external rotation and upward rotation respectively and later confirmed by Meskers [3] and van Andel [4]. This study is the first to examine the comparison between methods during the lowering, eccentric phase, and results show that phase had no effect on differences observed between the AMC and SL methods. In contrast to van Andel [4], who only examined the elevation phase, an overestimation for posterior tilt was observed with the AMC compared to the SL method. The overestimation was irrespective of the arm elevation phase, making results for posterior tilt of the scapula questionable. The present study has demonstrated that the AMC method is comparable to the ‘silver standard’ SL method when measuring scapular kinematics for internal and upward rotation during both arm elevation and lowering phases.
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Figure 1: Comparison between scapula locator (dashed line) and acromion marker cluster (solid line) for scapular upward rotation during arm elevation (A) and lowering (B).
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Table 1: Mean (±standard deviation) difference between Scapula Locator and Acromion Marker Cluster methods








