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			Abstract

			Background: The manner of acquiring strength-testing data may influence peak torque detection and reliability of results in test- retest studies.

			Objective: To examine the effects of differing window thresholds on shoulder internal (IR) and external rotators (ER) isometric peak torque, standard error of measurements (SEM) and minimal detectable change (MDC) in a test-retest study

			Methods: thirty asymptomatic young adults completed dominant shoulder IRI and ER isometric testing using REV 7000. IR and ER were randomly tested twice in 90° of shoulder abduction in supine position. Raw torque was processed using Mat lab 2014b software that computed peak torque at four window thresholds: no window, 75%, 50%, and 25%.

			Results: One way  ANOVA and Bonferroni post hoc test showed similar results in peak torque assessment considering windowing and not windowing data. SEM obtained varied according to the window size considered. Lower SEM and MDC were registered when 50% and 25% central data were considered for ER peak torque. There were no variation considering windows sizing for IR peak torque.

			Conclusion: Windowing data has to be considered in test-retest peak torque to improve reliability of results. Based on these results we recommend windowing at least 50% central data in ER peak torque assessment.
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			Abbreviations: ER: External Rotators; IR: Internal Rotators; MDC: Minimal Detectable Change; SEM: Standard Error of Measurements; SPADI: Shoulder Pain and Disability Index

		

		
			Introduction

			Muscle strength evaluation of the shoulder internal (IR) and external rotators (ER) is often used by clinicians to assess muscle performance and to guide diagnosis and rehabilitation [1]. Factors influencing peak torque and reliability of results in a test- retest design includes the stabilization system, assessment position, similarity in protocol execution and methodological aspects [2,3]. Another factor that has not been extensively studied, is the fact of windowing or not windowing isokinetic data. Full data may oversize peak torque specially at the beginning of the contraction due to overshoot torque when the subject initiated a forceful movement or at the end of the contraction where a significant spike in torque can be also observed [4]. This torque 

spike occurs as a result of combining a long lever arm with an abrupt end stop during testing. The magnitude of the force fluctuations is quantified in absolute terms as standard error of measurement (SEM) and minimal detectable change (MDC). The SEM quantifies score reliability within indi¬vidual participants on different occasions. To produce a unit-free indicator of SEM error magnitude, the results can be expressed as SEM (%). MDC, in turn, provides a value range within which a truly unchanged participant score would be expected to remain over repeat testing, at a 95%CI [5,6]. To produce a unit- free indicator, MDC can also be expressed in percentage MDC (%).The purpose of this study is to examine the effects of differing window thresholds on shoulder internal (IR) and external (ER) isometric peak torque, SEM and MDC in a test-retest study.	

			Material and Methods

			Participants

			A total of 30 asymptomatic participants (22 females and 8 males; aged 23.3 ± 2.6 years; body mass index 23.2 ± 2.6 kg/m2; SPADI score 4.1 ± 5.7) all with right hand dominance were recruited using advertisement in a local university. The inclusion criteria were as follows:

			i)  Shoulder pain and disability index (SPADI) ≤ 18[7] 

			ii)  Signed informed consent. 

			Exclusion criteria included the following 

			i) shoulder or neck injury in the last six month

			ii) shoulder or neck pain at the moment of assessment history of shoulder or neck surgery orthopedic alterations of the trunk, shoulder, neck or upper limbs

			Any condition that would alter the assessment parameters

			All of the participants gave written informed consent prior to participation and were able to withdraw from the study at any time without any consequences. The study was approved in accordance with principles established by the Helsinki Declaration by the Scientific Ethical Committee at the School of Medicine of Pontificia Universidad Catolica De Chile Project No. 16-057, date of approval april 21 2016.

			Design

			This test-retest reliability study was performed at the Human Movement Analysis Laboratory of Pontificia Universidad Catolica de Chile between June and July 2017. Peak torque was assessed in asymptomatic university students during two sessions, with a 14 day rest-period between sessions. IR and ER isometric peak torques were tested in a supine position with 90° shoulder abduction using isokinetic dynamometer REV 7000 (Techno Gym SpA, Gambetola, Forli, Italy). Test order (i.e. IR and ER) was randomly assigned by a computer program assigned by the Statistician software. A trained rater in this device was selected. 

			Assessment

			The dominant upper limb of participants was assessed. Each participant adopted a supine position. ID was brought to shoulder height and the shoulder-rotation attachment was installed. The arm rested in the rotation cuff pad, with the olecranon approximating the axis of the dynamometer and the participant’s hand gripping the input shaft [8]. The machine axis was aligned with the longitudinal axis of the humerus and coincided with the center of the glenohumeral joint. The upper limb was postured as follows: frontal plane at 90° of abduction; elbow flexed at 90° in sagittal plane; and forearm in pronation. The arm, thorax, and pelvis were fixed with Velcro straps. The possible anterior translation of the humeral head was also controlled by independent strap. At wrist level the dynamometer was attached through a pulley system placed at 90° between the dynamometer and participant recording the force, displacement and time signals at 20 Hz. Participants were familiarized with the test by performing two submaximal isometric shoulder rotator contractions lasting 6 seconds (s). Then, three maximal isometric shoulder rotator contractions lasting 6 s were performed for the IR and ER at 90° (Figure 1). The rest time between strength tests was 1 min, and the time between contractions was 15 s.
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			Windows of Analysis

			Raw torque was exported from the dynamometer software and processed using Matlab 2014b software (MathWorks, Inc., Natick, MA, USA) program that computed peak torque at four window thresholds: no window (NW), 75%, 50%, and 25%.

			Outcomes

			Peak torque, SEM and MDC was determined considering each of the four windows selected. 

			Data Analysis

			IR and ER peak torque at 90° of shoulder abduction was used for analysis. Data are expressed as the mean ± standard deviation. Normal data distribution was confirmed using the Shapiro-Wilk’s test (p<0.06). Homogeneity of variance was confirmed using the Bartlett test (p<0.06). Analyses of variance with Bonferroni post hoc tests were conducted to compare peak torque determined by each window. Absolute reliability was evaluated to determine intra-participant variations during repeated measurements considering 100, 75, 50 and 25% of central data. Absolute reliability was established from SEM obtained as SEM SD/√2, where SD is the standard deviation of differences between sessions. To produce a unit-free indicator of SEM error magnitude, the results of this analysis were expressed as a percentage SEM (%). Finally, a sensitivity analysis was performed to determine smallest amount of change needed to be considered statistically significant. For this, MDC was calculated at a 95%CI according to MDC 1.96*SD. The MDC error magnitude was expressed as a unit-free percentage MDC (%). The unit of measurement error is Nm [9]. All statistical analyses employed a probability of type I error equal to 0.05 and were performed with the STATA 13 statistical software (SPSS Inc., USA).

			Results 

			Peak torque values comparing windowed to unwindowed isometric data of shoulder IR and ER are presented in Table 1. One way ANOVA and Bonferroni post hoc test showed similar results in peak torque assessment considering windowing and not windowing data. Test- retest absolute reliability results determined by SEM, SEM(%). MDC and MDC(%) comparing windowed to unwindowed isokinetic data are presented in Table 2.

			Table 1: Test-retest peak torque assessment of IR and ER considering different windowing data.

			
				
					
					
					
					
					
				
				
					
							
							Strength tests

						
							
							NW

						
							
							75% window

						
							
							50% window

						
							
							25% window

						
					

					
							
							Measurement Sessions IR

						
					

					
							
							Session 1, mean ± sd, Nm

						
							
							36.6 ± 15.5

						
							
							37.1 ± 15.6

						
							
							36.3 ± 15.2

						
							
							35.9 ± 15.1

						
					

					
							
							Session 2, mean ± sd, Nm

						
							
							36.4 ± 14.8

						
							
							36.1 ± 14.4

						
							
							35.4 ± 14.0

						
							
							36.3 ± 13.8

						
					

					
							
							Measurement Sessions ER

						
					

					
							
							Session 1, mean ± sd, Nm

						
							
							33.1 ± 13.2

						
							
							32.8. ± 13.1

						
							
							32.2 ± 12.9

						
							
							31.7 ± 12.8

						
					

					
							
							Session 2, mean ± sd, Nm

						
							
							33.5 ± 13.2

						
							
							33.4 ± 13.1

						
							
							32.6 ± 12.7

						
							
							32.6 ± 12.8

						
					

				
			

			Non-statistical differences were found (p = 0.9); Abbreviations: sd = standard deviation.

			Table 2: Test-retest absolute reliability results of IR and ER peak torque assessment considering different windowing data.

			
				
					
					
					
					
					
				
				
					
							
							Absolute Reliability IR

						
							
							NW

						
							
							75% window

						
							
							50% window

						
							
							25% window

						
					

					
							
							SEM, (Nm)

						
							
							3.4

						
							
							3.3

						
							
							3.3

						
							
							3.0

						
					

					
							
							SEM%, (%)

						
							
							9.2

						
							
							9.1

						
							
							9.1

						
							
							8.4
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							MDC%

						
							
							9.41

							24.2

						
							
							9.2

							25.2

						
							
							9.2

							25.2

						
							
							8.3

							23.4

						
					

					
							
							Absolute Reliability ER

						
					

					
							
							SEM, (Nm)

							SEM%, (%)

							MDC

							MDC%

						
							
							2.1

							6.5

							6.0

							18.0

						
							
							2.0

							6.2

							5.6

							17.1

						
							
							1.8

							5.6

							5.1

							15.7

						
							
							1.5

							4.8

							4.3

							13.5

						
					

				
			

			Abbreviations: SEM = standard error of mean; SEM% = percentage of standard error; MDC = minimum detectable change; MDC% = percentage of minimum detectable change.

			Discussion

			No significant difference exists in shoulder IR and ER isometric peak torque testing between windowed and unwindowed data. Previous studies [10,11] have reported that significant difference exists between windowed and non windowed data during peak toque isokinetic testing. Wilk [10] publishes that significant difference exists during isokinetic testing of the shoulder’s abductors/adductors at 180°/seg and 300°/segbetween 50% central windowed data and nonwindowed data. Merritt [12] concludes that significant differences in internal and external rotation peak torque exists considering windowing and unwindowing data at seven different window thresholds. He suggests that with 5% increments, windowing had very potent effects on peak torque data. Variation in peak torque assessment during isokinetic testing, could be partially explained because movement occurs at a constant predetermined speed in the range of motion referred to as load range where the dynamometer imposes an external load to the limb [13] movement. However, in isokinetic contractions, an exercising limb must free accelerate to the preset speed and decelerate at the end of the exercising range [10]. These phases are performed without the benefit of externally imposed resistance and, consequently, should not be considered during test interpretation [13]. The velocity overshoot is a movement artifact that occurs when the limb accelerates past the desired speed and the dynamometer tries to slow the limb. This generates two effects: 

			a)  a torque spike (or torque overshoot) as a consequence of the braking mechanism of the dynamometer [11], 

			b)  a short period of time where the angular velocity oscillates until its stabilization at the preset speed [10].

			The impact artifact has an effect similar to VO and it is observed during deceleration when the dynamometer begins to slow the lever arm in preparation for stopping at the turnaround point. This causes a torque spike at the end of the repetition due to the lever arm impacting the mechanical end stop [13]. Both VO and impact artifact produce undesirable behavior and are sometimes removed prior to isokinetic test interpretation. By windowing the data, all measure swhich are notobtained at the preset isokinetic angular velocityor at 95 percent of that speed will not be recorded. Isometric contraction is not influenced by angular velocitiy, so peak torque should not be significantly influenced by windowing data as occured in this study. The MDC is a stringent decision limit for establishing improvement/deterioration in peak muscle force or torque following rehabilitation post-injury or as part of a strengthening program in a healthy individual. High heterogeneity between subjects exists for many measure¬ments in sports medicine, as in the case of peak muscle force. Therefore, SEM and consequently MDC are high [5]. Experts in sports medicine rehabilitation, consider 10% to 15% be a clinically relevant improvement or deteriora¬tion in muscle force. In practice, one criterion for a return to sports is peak muscle strength deficits under 10% of the contralateral extremity [14]. This small but clinically relevant difference was only detected when 50% and 25% of central data ER peak torque were analyzed. ER are susceptible to major fatigue, which could be a source of variability during strength generation tests [15]. To avoid noise to the measurements that can alter the subject performance, the arm, thorax, and pelvis were fixed with Velcro straps. To further control the anterior translation of the humeral head, another Velcro strap was added, but still this could be insufficient to control variability in a better way. Windowing 50% and 25% central data helped to reduce in 5% variability expressed as MDC (%) in ER peak torque.

			Similar MDC (%) values were found when analyzing different window thresholds on shoulder IR peak torque (25%). Unlike what occurred with ER, windowing data did not reduce variability. Translated to a rehabilitation program for IR shoulder strengthening, this means that to assure that a strengthening program really improved the subject conditions, at least a 25% improvement from the initial value should exist to be considered outside the instrument random error, IR strength tests have reported MDC% ranging from 20-30%, such as in Meeteren et al. [16] when using a Biodex isokinetic dynamometer, as well as Forthomme et al. [17] and Edouard et al. [18] when using Cybex norm isokinetic dynamometer in the scapular plane without windowing data. Clinical relevance of this study is that even though shoulder ER isometric peak torque is not significantly influenced by windowing data, these small changes in peak torque produces relevant improvements in MDC (%) that needs to be considered when assessing peak torque in test- retest designs. The main limitations were the use of a convenient sample, an unbalanced gender representation among participants, and the young age of the participants. In conclusion, individual. Small but clinically relevant changes under 20% are included in the random error of this dynamometer

			Conclusion

			Windowing data has to be considered in test-retest peak torque because it is a factor like stabilization system, assessment position, similarity in protocol execution and methodological aspects that can improve reliability of results. Based on these results we recommend windowing at least 50% central data in ER peak torque assessment to increase test- retest reliability.
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Figure 1: Experimental setup using the traditional dynamomete
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