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Abstract

:

Background: The isokinetic dynamometry is considered a gold standard in muscle strength testing. The reliability of lower limb isokinetic strength measurements has not been thoroughly evaluated. Objective: To examine the test−retest reliability of isokinetic ankle plantar and dorsiflexion, ankle inversion and eversion, knee extension and flexion and hip abduction and adduction strength in physically active adults using Biodex System 4 Pro. Methods: Peak torques (PTs) and average peak torques (APTs) of the dominant and nondominant lower limbs were tested twice in 19 physically active adults 7 to 14 days apart. Results: The intraclass correlation coefficients (ICC) values varied from excellent to moderate and coefficient of variation of typical error (CVTE) values were 6.6–19.5%. Change in the mean expressed as a percent varied from −3.1% to 9.6%. There was no difference in the reliability between PT and APT values. Dominant lower limb was more reliable in every case if there was difference between limbs. Conclusion: Test−retest reliability of isokinetic ankle, knee and hip strength in physically active adults using Biodex System 4 is mostly good or excellent. However, the observed range of the random variation has to be noted when using it in scientific follow-up studies or evaluation of patient progress in clinical settings.
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1. Introduction


The Biodex System 4 Pro (Biodex Medical System Inc, Shirley, NY, USA) is a multi-mode computerized robotic dynamometer which is used in sports and orthopedic medicine, pediatric medicine, neurorehabilitation, geriatrics, industrial medicine and research. The dynamometer makes it possible to measure force production capabilities in different muscle groups [1]. Isokinetic dynamometry is accepted as the gold standard for the estimation of muscle strength [2]. The main purposes of isokinetic testing are to determine muscle performance, to follow progress and to examine imbalance between body sides and agonist–antagonist muscle relations. The reliability of the dynamometers is a key factor in this context.



A high number of studies have assessed the between-session reliability of the knee extension and flexion strength measurements, both using older versions of the Biodex as well as Biodex System 4 Pro. These studies have reported moderate to excellent, mainly excellent reliability, in peak torques (PTs) [3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18]. The reliability of the average peak torques (APTs) in knee measurements has been less studied, but results have been so far excellent [3,16]. Although the reliability of the knee measurements has been well established, a smaller number of studies have evaluated the reliability of ankle and hip strength measurements [3,4,5,6,7,19] and very few of them use the Biodex System 4 Pro. Hence, the reliability of lower limb isokinetic strength measurements has not yet been thoroughly evaluated.



To our knowledge, the reliability of the ankle strength measurements has not been previously studied using the Biodex System 4 Pro. Previous studies using the earlier versions of the Biodex have reported excellent reliability for the ankle dorsiflexion strength in PT and in APT [3,5,19]. For the ankle plantar flexion strength, good reliability has been reported in PT and excellent in APT [3,5]. In addition, the reliability of ankle inversion and eversion strength measurements has been reported as being moderate to excellent in PT and APT [4].



Few studies have investigated the reliability of hip abduction and adduction strength measured while lying on one’s side. Maupas and colleagues reported excellent reliability using Biodex System 4 Pro, whereas Meyer and others reported good reliability for abduction and moderate for adduction with older version of Biodex; however, both of these studies only reported on PTs [6,7].



Interestingly, previous reliability studies have focused only on the isokinetic strength of the dominant side; to our knowledge, there is no previous study where both lower limbs, i.e., dominant and nondominant, were examined. Muscle strength is an independent risk factor, e.g., for acute knee injuries; in many risk factor studies, limbs are analyzed separately or compared to each other [20], hence reliability of measuring the strength of the nondominant side needs to be investigated.



For these reasons, the purpose of our study was to examine the test−retest reliability of isokinetic ankle, knee and hip strength of both limbs in physically active adults using Biodex System 4 Pro. Our study adds to knowledge on the reliability of lower limb strength measurements, especially when investigating the ankle and hip in both dominant and nondominant sides, and is of high importance to those using the Biodex System 4 Pro in clinical use or research purposes.




2. Materials and Methods


2.1. Participants


Nineteen physically active adults (10 men and 9 women; dominant lower limb 16 right and 3 left; age 35.5 ± 10.5 years; body mass index 24.6 ± 3.4 kg/m2 [mean and standard deviation]) participated in this study. Exercise backgrounds of the participants were variable but the most common activity was running. The participants did not have any previous experience with isokinetic strength testing. All were non-smokers and non-snuffers, had not reportedly suffered ankle, knee or hip injuries in the last three months and had rest from physical exertion from two days prior to the test and retest. Volunteer participants were recruited via social media application or were asked personally. All participants signed a written informed consent prior to the study. This study has been conducted in accordance with the Declaration of Helsinki.




2.2. Procedures


Our testing procedures on measuring ankle, hip and knee strength were based on a pilot study among novice recreational runners [21]. The reliability testing was performed in two sessions (test and retest) 7 to 14 days apart in autumn 2020. Two study assistants conducted all testing sessions on participants. Dominant lower limb was determined by asking participants to kick a ball and step up on a stair. When both tasks were done by the same limb, the limb was determined as a dominant lower limb. If lower limb dominance was not determined by these two tests, the participant was pushed forward lightly by the study assistant. The limb that moved first to maintain balance was determined as the dominant lower limb.



Testing order was the same for all participants and for both testing sessions as follows: (1) ankle plantar/dorsiflexion, (2) ankle inversion/eversion, (3) knee extension/flexion and (4) hip abduction/adduction. Testing was done unilaterally and in a continuous movement for both movement directions. The movements were done by using isokinetic concentric setups. In every movement, the used range of motion was determined by asking the participants to perform their full range of motion whilst keeping the movement comfortable. Each movement was done with both lower limbs. The starting limb was randomized in both testing sessions.



Before both testing sessions, participants were informed about the test protocol and performed a standardized warm-up, including five minutes of walking followed by five minutes of running with a self-selected pace. Prior to every maximal set, participants were allowed to practice the movement with light effort. After they were comfortable with the movement, they did a warm-up including three sub-maximal repetitions with increasing load based on the subjective assessment of the participants (50%, 70% and 90% of their maximal performance). After one-minute rest, participants performed three maximal repetitions. Three repetitions were chosen based on previous studies conducted among novice recreational and youth athletes, which suggest that the subjects without previous experience of isokinetic strength are able to achieve the best peak torque during the three repetitions [20,21,22]. During the maximal sets, participants were verbally encouraged by the test personnel. The practice and warm-up of the contralateral limb or movements started immediately when the dynamometer set-up was changed.



The testing velocity was 30°/s in ankle and hip and 60°/s in knee. Previous studies have shown good to excellent reliability of ankle peak torques using this system at 30°/s [4,5,19]. The lower velocity of 30°/s was also chosen for hip measurements because it was regarded to be more suitable for our novice cohort when measuring torques with small range of motion [21]. The faster angular velocity 60°/s has been used in previous studies to measure knee flexion/extension strength [3,8,10,11,12,13,14,15,20]. The lower limb was weighted and gravitation correction was done in all movement except the inversion/eversion because shaft position was too vertical for accurate gravity correction. Biodex System 4 Pro and System Advantage 4 Software, version 4.63 was used in every test. Force signal was filtered and windowed with the default specifications of the Biodex software.




2.3. Test Positions


Test positions were based on the Biodex Multi-Joint System Pro setup/operation manual guidelines and were standardized. The modifications from the manual guidelines were based on practice-based experiences of a system expert and instructor. In both ankle movements, the participants were seated on the chair so that the back of the seat was slightly tilted. Participant’s measured limb was risen and supported on the back of the thigh just above the knee (Figure 1). The shin of the measured limb was set horizontal and straight forward. In the ankle plantar/dorsiflexion measurements, the fibular malleolus was aligned with the axis of the rotation of the dynamometer. The foot was attached to the foot plate. In the ankle inversion/eversion, the foot was attached to the foot plate which was plantar flexed at 20 degrees (Figure 2). The axis of the rotation of the dynamometer was set to pass the body of the talus.



The participants were stabilized by a waist strap and two shoulder straps crossing the participant’s chest in the ankle and knee movement and by a thigh strap in the knee movement. They were asked to hold on to the shoulder straps in both ankle and knee movements. In the knee extension/flexion measurement, the participants were seated on the chair in a comfortable position and the femur was fully supported by the chair seat (Figure 3). The measured limb was straight forward and attached to the dynamometer just above the ankle. The lateral femoral condyle was aligned with the axis of the rotation of the dynamometer.



In the hip abduction/adduction measurement, the participants were lying on their side facing away from the dynamometer and stabilized by a waist strap and a lower limb strap (Figure 4). The greater trochanter of the participants was palpated and utilized to set the axis of the rotation of the dynamometer to align with the axis of the rotation of the measured hip joint. The measured limb was attached to the dynamometer just above the knee (Figure 4). The sampling size varied between movements. If a participant had pain in the limb, for example, those measurements were not performed.




2.4. Statistical Analysis


Peak torque (PT) and average peak torque (APT) were chosen as outcome parameters. The PT was defined as highest torque of three repetitions and the mean of the three peak torques was chosen for APT. Mean and standard deviation (SD) of both sessions were calculated. Additionally, the mean difference (DIFF) in normalized absolute values and percentage (DIFF%) were determined. Bland−Altman (BA) plots and 95% limits of agreement (LoA) were visually checked and coefficients of variation of typical error (CVTE) were determined [5]. Two-way mixed-effects absolute agreement ICCs with 95% confidence intervals (CI) were used for relative reliability [23]. Reliability values greater than 0.90 were interpreted as excellent, between 0.75 and 0.90 as good, between 0.5 and 0.75 as moderate and less than 0.5 as poor [23]. Statistical analysis was conducted with IBM SPSS Statistics 27 (SPSS Inc, Chicago, IL, USA).





3. Results


The ICC values were excellent or good to excellent in all movements except for dominant limb ankle plantar flexion in APT (moderate to excellent), nondominant limb ankle inversion (moderate to excellent) and nondominant limb ankle dorsiflexion (poor to good) (Table 1, Table 2, Table 3 and Table 4).



The CVTE varied between 6.6% and 19.5%, being lowest in dominant limb knee flexion and highest in nondominant ankle dorsiflexion (Table 1, Table 2, Table 3 and Table 4). The LoAs were visually relatively wide.



The DIFF% between test sessions varied from −3.1% to 5.4% except in the PT in dominant limb hip adduction 7.7% and in the PT (8.6%) and APT (9.6%) in dominant limb ankle dorsiflexion (Table 1, Table 2, Table 3 and Table 4).



The difference mean of the BA plots was visually nearby zero except in three movements: in dominant limb APT knee extension, knee flexion and hip adduction.



The reliability between dominant and nondominant limb had some variation. Five test movements did not show difference due lower limb dominance, some movements showed a slight difference and ankle dorsiflexion showed clear difference between dominant and nondominant limb. Dominant lower limb was more reliable in every case if there was difference between lower limbs.



There was no difference in reliability between PT and APT when visually checking results in the tables. BA plots visually did not show heteroscedasticity.




4. Discussion


We examined the test−retest reliability of the isokinetic concentric ankle plantar and dorsiflexion, ankle inversion and eversion, knee extension and flexion and hip abduction and adduction strength in physically active adults using Biodex System 4 Pro. The ICCs were mainly excellent in both the dominant and nondominant limb.



The ICC is widely used in the test−retest studies to assess reliability [23,24,25,26]. In the present study, we found good or excellent relative reliability in 30 out of 32 variables. Results reinforced the previous findings that isokinetic strength testing is reliable when analyzing ICCs in movements which have been less studied [3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19]. However, results from different studies should be compared with caution as there are many ways to calculate ICC and it is also affected by subjects´ heterogeneity [23,25].



In the present study, the ankle dorsiflexion strength in nondominant limb showed only moderate reliability. There could be many reasons why this movement was less reliable than the other movements. Participants might have been focusing mainly on the plantar flexion movement and forgetting to produce power in dorsiflexion direction. Some participants also said that it felt difficult to produce power in dorsiflexion direction, which could explain the difference between dominant and nondominant lower limb. Based on these results, we suggest reminding participants to focus on producing power in both directions of the movement when performing the test in future studies or clinical practice.



In our study, the absolute reliability with CVTEs was comparable with previous studies describing knee extension, ankle plantar and dorsiflexion strength measurements [5,16]. The level of acceptable CVTEs depends on context; in this case, we think it would be advantageous to get lower CVTE values. We also visually checked LoAs and they showed similar results as CVTEs and previous studies [3,5,9,12,17]. Both (CVTE and LoA) describe random variation in a measure. The main source of this is usually biological. Participant factors of error might not be focusing on both directions of the movement, mental/motivational changes and normal physical variance between days. Rater-based error sources were variance setting participants on movement set-ups and keeping participants’ movement path correct. Some level error always exists due the apparatus or device, but it is usually unavoidably lumped in with the biological error. We believe that when paying extra attention to the error sources and becoming more experienced with the protocol, it is possible to reduce the amount of error [26].



It is worth noting that we experienced some instability when testing hip movements. Although participants were properly stabilized from their waist and the other lower limb and the measured limb was carefully attached to the dynamometer, the soft tissues of the limb slightly vibrated after producing power and caused multiple peaks in the torque curve. Typically, there were two main peaks and the first one was higher than the other one. The other peaks were clearly smaller and faded along the movement. This problem might have affected the results of the CVTE. In spite of these instabilities, our ICC results were excellent in every hip measurement.



As a whole, there did not seem to be a systematic change when examining change in the mean [25]. It was comparable with previous studies and did not show notable difference between test sessions. However, there was a minor change in the mean between test sessions in the hip adduction APT of dominant lower limb [3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19]. This was probably due to random change in the mean which can be called sampling error. Learning effect and desire to improve are factors causing systematic change in the mean [25].



Difference between PT and APT was not visually found when checking results in Table 1, Table 2, Table 3 and Table 4. Similarly, Symons et al. did not find difference between PT and APT [16]. Based on these studies, it is difficult to prefer one over the other.



The dominant side was more reliable than the nondominant in some movements. Dominant limb is typically more developed motorically; therefore, more difficult exercises could be easier to handle by dominant than nondominant limb which might explain the found differences [27]. No previous studies have examined dominant and nondominant lower limbs separately. Based on our study, utilizing the previous reliability study results of the dominant lower limb to the nondominant lower limb should be done with caution.



Knee extension and flexion was the most reliable movement in the present study, whereas ankle plantar and dorsiflexion were the least reliable. This information is new and evidently the strength of this study. There are no previous studies that have made it possible to compare the reliability of the four different movements examined. Another strength is taking into account the opportunity to compare dominant and nondominant lower limbs.



Our study had some limitations which need to be taken into consideration. We had a relatively small number of subjects and the sample size varied in different tests as some subjects were not able to conduct all tests. Although the number of subjects was not large, it was able to show the reliability of the testing device. We were not able to randomize the order of the ankle, hip and knee strength tests, which is not ideal for a reliability study. However, starting limb was randomized in both testing sessions. Another aspect to be noted when interpreting internal and external validity of the results is that our participants were recreational athletes and had a heterogeneous training background. Our participants did not have previous experience with isokinetic strength testing and furthermore were mostly inexperienced with maximal strength tests. They regarded some of the tests, especially the ankle and hip movements, challenging to conduct with maximal effort, hence issues such as participants’ competence and motivation may have influenced our results. Nevertheless, our ICCs were mainly excellent but might have been different with a more homogeneous sample [25], or when examined with athletes or subjects experienced with strength testing.



In conclusion, most of the lower limb isokinetic strength variables measured by the Biodex System 4 Pro achieved good to excellent test-retest reliability in physically active adults. However, the observed range of random variation has to be noticed when using it in the scientific follow-up studies or evaluation of the patient progress in the clinical practice.







Author Contributions


Conceptualization, J.T., M.L., J.P. and K.P.; methodology, J.T., M.L., J.P. and K.P.; software, J.T.; validation, J.T. and H.J.; formal analysis, J.T., and H.J.; investigation, J.T., M.L., H.J., K.P., T.V. and J.P.; resources, J.P. and T.V.; data curation, J.T. and H.J.; writing—original draft preparation, J.T.; writing—review and editing, J.T., M.L., H.J., K.P., T.V. and J.P.; visualization, J.T., and H.J.; supervision, M.L. and J.P.; project administration, M.L., K.P., T.V. and J.P.; funding acquisition, M.L. and J.P. All authors have read and agreed to the published version of the manuscript.




Funding


We acknowledge the funding from Finnish Ministry of Education and Culture, and the Competitive State Research Financing of the Expert Responsibility Area of Tampere University Hospital (Grant 9AB055).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by Ethics Committee of the Expert Responsibility Area of Tampere University Hospital, Tampere, Finland (ETL-code R20042).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy restrictions.




Acknowledgments


We thank Iida Mustakoski and Reetta Rauhala for their effort in data collection.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Biodex Medical Systems, Inc 2022. System 4 ProTM. Available online: https://www.biodex.com/physical-medicine/products/dynamometers/system-4-pro (accessed on 1 February 2021).

	



Seven, B.; Cobanoglu, G.; Oskay, D.; Atalay-Guzel, N. Test–Retest Reliability of Isokinetic Wrist Strength and Proprioception Measurements. J. Sport Rehabil. 2019, 28, jsr-2018. [Google Scholar] [CrossRef]

	



Hartmann, A.; Knols, R.; Murer, K.; de Bruin, E.D. Reproducibility of an Isokinetic Strength-Testing Protocol of the Knee and Ankle in Older Adults. Gerontology 2009, 55, 259–268. [Google Scholar] [CrossRef] [PubMed]

	



Kaminski, T.W.; Dover, G.C. Reliability of Inversion and Eversion Peak- and Average-Torque Measurements from the Biodex System 3 Dynamometer. J. Sport Rehabil. 2001, 10, 205–220. [Google Scholar] [CrossRef]

	



Webber, S.; Porter, M.M. Reliability of Ankle Isometric, Isotonic, and Isokinetic Strength and Power Testing in Older Women. Phys. Ther. 2010, 90, 1165–1175. [Google Scholar] [CrossRef] [PubMed]

	



Maupas, E.; Frize, N.; Souléry, C. Reliability of isokinetic measurements of the hip muscles strength. Ann. Phys. Rehabil. Med. 2014, 57, e276. [Google Scholar] [CrossRef]

	



Meyer, C.; Corten, K.; Wesseling, M.; Peers, K.; Simon, J.-P.; Jonkers, I.; Desloovere, K. Test-Retest Reliability of Innovated Strength Tests for Hip Muscles. PLoS ONE 2013, 8, e81149. [Google Scholar] [CrossRef]

	



Adsuar, J.C.; Olivares, P.R.; del Pozo-Cruz, B.; Parraca, J.A.; Gusi, N. Test-Retest Reliability of Isometric and Isokinetic Knee Extension and Flexion in Patients with Fibromyalgia: Evaluation of the Smallest Real Difference. Arch. Phys. Med. Rehabil. 2011, 92, 1646–1651. [Google Scholar] [CrossRef]

	



Almosnino, S.; Stevenson, J.M.; Bardana, D.; Diaconescu, E.D.; Dvir, Z. Reproducibility of isokinetic knee eccentric and concentric strength indices in asymptomatic young adults. Phys. Ther. Sport 2011, 13, 156–162. [Google Scholar] [CrossRef]

	



Carvalho, H.M.; Silva, M.J.C.E.; Ronque, E.R.V.; Gonçalves, R.S.; Philippaerts, R.M.; Malina, R.M. Assessment of Reliability in Isokinetic Testing Among Adolescent Basketball Players. Medicina 2011, 47, 446–452. [Google Scholar] [CrossRef]

	



Collado-Mateo, D.; Dominguez-Muñoz, F.J.; Charrua, Z.; Adsuar, J.C.; Batalha, N.; Merellano-Navarro, E.; Raimundo, A.M. Isokinetic Strength in Peritoneal Dialysis Patients: A Reliability Study. Appl. Sci. 2019, 9, 3542. [Google Scholar] [CrossRef]

	



Collado-Mateo, D.; Domínguez-Muñoz, F.; Adsuar, J.; Parraca, J.; Tomas-Carus, P.; Garcia-Gordillo, M.; Raimundo, A. Test-Retest Intra-Session Reliability of Isokinetic Knee Strength Measurements in Obese Children. Appl. Sci. 2020, 10, 5923. [Google Scholar] [CrossRef]

	



Fagher, K.; Fritzson, A.; Drake, A.M. Test-Retest Reliability of Isokinetic Knee Strength Measurements in Children Aged 8 to 10 Years. Sports Health 2016, 8, 255–259. [Google Scholar] [CrossRef]

	



Lienhard, K.; Lauermann, S.; Schneider, D.; Item-Glatthorn, J.; Casartelli, N.; Maffiuletti, N. Validity and reliability of isometric, isokinetic and isoinertial modalities for the assessment of quadriceps muscle strength in patients with total knee arthroplasty. J. Electromyogr. Kinesiol. 2013, 23, 1283–1288. [Google Scholar] [CrossRef]

	



Tsiros, M.D.; Grimshaw, P.; Shield, A.; Buckley, J.D. Test-retest reliability of the Biodex System 4 Isokinetic Dynamometer for knee strength assessment in paediatric populations. J. Allied Health 2011, 40, 115. [Google Scholar] [PubMed]

	



Symons, T.B.; Vandervoort, A.A.; Rice, C.L.; Overend, T.J.; Marsh, G.D. Reliability of a Single-Session Isokinetic and Isometric Strength Measurement Protocol in Older Men. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2005, 60, 114–119. [Google Scholar] [CrossRef] [PubMed]

	



Lund, H.; Sondergaard, K.; Zachariassen, T.; Christensen, R.; Bulow, P.; Henriksen, M.; Bartels, E.M.; Danneskiold-Samsoe, B.; Bliddal, H. Learning effect of isokinetic measurements in healthy subjects, and reliability and comparability of Biodex and Lido dynamometers. Clin. Physiol. Funct. Imaging 2005, 25, 75–82. [Google Scholar] [CrossRef] [PubMed]

	



Tiffreau, V.; Ledoux, I.; Eymard, B.; Thévenon, A.; Hogrel, J.-Y. Isokinetic muscle testing for weak patients suffering from neuromuscular disorders: A reliability study. Neuromuscul. Disord. 2007, 17, 524–531. [Google Scholar] [CrossRef] [PubMed]

	



Holmbäck, A.M.; Porter, M.M.; Downham, D.; Lexell, J. Reliability of isokinetic ankle dorsiflexor strength measurements in healthy young men and women. Scand. J. Rehabil. Med. 1999, 31, 229–239. [Google Scholar]

	



Hietamo, J.; Parkkari, J.; Leppänen, M.; Steffen, K.; Kannus, P.; Vasankari, T.; Heinonen, A.; Mattila, V.M.; Pasanen, K. Association between lower extremity muscular strength and acute knee injuries in young team-sport athletes. Transl. Sports Med. 2020, 3, 626–637. [Google Scholar] [CrossRef]

	



Baltich, J.; Emery, C.A.; Stefanyshyn, D.; Nigg, B.M. The effects of isolated ankle strengthening and functional balance training on strength, running mechanics, postural control and injury prevention in novice runners: Design of a randomized controlled trial. BMC Musculoskelet. Disord. 2014, 15, 407. [Google Scholar] [CrossRef]

	



Hietamo, J.; Pasanen, K.; Leppänen, M.; Steffen, K.; Kannus, P.; Heinonen, A.; Mattila, V.M.; Parkkari, J. Association between lower extremity muscle strength and acute ankle injury in young team-sports athletes. Phys. Ther. Sport 2021, 48, 188–195. [Google Scholar]

	



Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr. Med. 2016, 15, 155–163. [Google Scholar] [CrossRef] [PubMed]

	



Atkinson, G.; Nevill, A.M. Statistical Methods for Assessing Measurement Error (Reliability) in Variables Relevant to Sports Medicine. Sports Med. 1998, 26, 217–238. [Google Scholar] [CrossRef]

	



Hopkins, W.G. Measures of Reliability in Sports Medicine and Science. Sports Med. 2000, 30, 1–15. [Google Scholar] [CrossRef] [PubMed]

	



Hopkins, W.G. Summarizing Data: PRECISION OF MEASUREMENT. Available online: https://www.sportsci.org/resource/stats/precision.html (accessed on 1 February 2021).

	



McGrath, T.M.; Waddington, G.; Scarvell, J.M.; Ball, N.B.; Creer, R.; Woods, K.; Smith, D. The effect of limb dominance on lower limb functional performance—A systematic review. J. Sports Sci. 2016, 34, 289–302. [Google Scholar] [CrossRef]








[image: Mps 06 00026 g001 550] 





Figure 1. Testing position of ankle plantar and dorsiflexion. 






Figure 1. Testing position of ankle plantar and dorsiflexion.
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Figure 2. Testing position of ankle inversion/eversion strength measurement. 






Figure 2. Testing position of ankle inversion/eversion strength measurement.
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Figure 3. Testing position of knee extension and flexion. 






Figure 3. Testing position of knee extension and flexion.
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Figure 4. Testing position of hip abduction and adduction. 






Figure 4. Testing position of hip abduction and adduction.
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Table 1. Ankle plantar and dorsi flexion.






Table 1. Ankle plantar and dorsi flexion.
















	
	
	n
	Mean1 ± SD
	Mean2 ± SD
	DIFF
	DIFF%
	CVTE (%)
	ICC (CI 95%)





	Ankle Plantar Flexion Dominant
	Peak Torque
	18
	98.7 ± 30.7
	98.8 ± 27.5
	0.1
	0.1
	12.7
	0.91 (0.75–0.97)



	
	Average Peak Torque
	18
	91.0 ± 30.6
	93.3 ± 27.8
	2.3
	2.5
	13.8
	0.90 (0.73–0.96)



	Ankle Plantar Flexion Nondominant
	Peak Torque
	18
	97.5 ± 38.9
	97.0 ± 30.1
	−0.5
	−0.5
	12.3
	0.94 (0.84–0.98)



	
	Average Peak Torque
	18
	90.6 ± 38.2
	91.4 ± 29.8
	0.8
	0.9
	12.8
	0.94 (0.84–0.98)



	Ankle Dorsi Flexion Dominant
	Peak Torque
	18
	27.8 ± 8.3
	30.2 ± 7.1
	2.4
	8.6
	8.4
	0.93 (0.70–0.98)



	
	Average Peak Torque
	18
	26.0 ± 8.2
	28.5 ± 7.1
	2.5
	9.6
	8.7
	0.93 (0.70–0.98)



	Ankle Dorsi Flexion Nondominant
	Peak Torque
	18
	28.4 ± 7.4
	29.5 ± 7.9
	1.1
	3.9
	19.5
	0.64 (0.02–0.87)



	
	Average peak torque
	18
	26.1 ± 7.3
	27.3 ± 7.1
	1.2
	4.6
	17.7
	0.73 (0.28–0.90)







n = sample size, SD = standard deviation, DIFF = difference between Mean2 and Mean 1, DIFF% = change from Mean1 to Mean2, CVTE (%) = coefficient of variation of typical error, ICC = intraclass correlation coefficients, CI = confidence intervall.
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Table 2. Ankle inversion and eversion.






Table 2. Ankle inversion and eversion.
















	
	
	n
	Mean1 ± SD
	Mean2 ± SD
	DIFF
	DIFF%
	CVTE (%)
	ICC (CI 95%)





	Ankle Inversion Dominant
	Peak Torque
	19
	31.9 ± 8.4
	32.3 ± 7.5
	0.4
	1.3
	9.9
	0.95 (0.87–0.98)



	
	Average Peak Torque
	19
	29.9 ± 7.8
	30.9 ± 7.8
	1.0
	3.3
	9.3
	0.93 (0.82–0.97)



	Ankle Inversion Nondominant
	Peak Torque
	18
	31.9 ± 9.2
	31.3 ± 6.7
	−0.6
	−1.9
	7.7
	0.83 (0.55–0.94)



	
	Average Peak Torque
	18
	29.8 ± 8.5
	29.3 ± 6.2
	−0.5
	−1.7
	13.4
	0.84 (0.57–0.94)



	Ankle Eversion Dominant
	Peak Torque
	19
	23.6 ± 6.8
	23.4 ± 7.8
	−0.2
	−0.8
	13.8
	0.95 (0.87–0.98)



	
	Average Peak Torque
	19
	22.2 ± 6.6
	22.0 ± 7.6
	−0.2
	−0.9
	10.6
	0.94 (0.86–0.98)



	Ankle Eversion Nondominant
	Peak Torque
	18
	23.1 ± 6.1
	23.9 ± 8.0
	0.8
	3.5
	9.9
	0.91 (0.75–0.97)



	
	Average Peak Torque
	17
	21.3 ± 5.7
	22.0 ± 8.3
	0.7
	3.3
	13.7
	0.91 (0.75–0.97)







n = sample size, SD = standard deviation, DIFF = difference between Mean2 and Mean 1, DIFF% = change from Mean1 to Mean2, CVTE (%) = coefficient of variation of typical error, ICC = intraclass correlation coefficients, CI = confidence intervall.
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Table 3. Knee extension and flexion.






Table 3. Knee extension and flexion.
















	
	
	n
	Mean1 ± SD
	Mean2 ± SD
	DIFF
	DIFF%
	CVTE (%)
	ICC (CI 95%)





	Knee Extension Dominant
	Peak Torque
	18
	185.4 ± 63.7
	187.2 ± 72.3
	1.8
	1.0
	7.0
	0.98 (0.95–0.99)



	
	Average Peak Torque
	18
	175.2 ± 61.5
	180.1 ± 69.8
	4.9
	2.8
	7.6
	0.98 (0.94–0.99)



	Knee Extension Nondominant
	Peak Torque
	18
	187.2 ± 58.9
	190.3 ± 70.5
	3.1
	1.7
	6.9
	0.98 (0.95–0.99)



	
	Average Peak Torque
	18
	177.9 ± 57.7
	181.6 ± 70.1
	3.7
	2.1
	8.5
	0.97 (0.93–0.99)



	Knee Flexion Dominant
	Peak Torque
	18
	93.7 ± 28.4
	98.8 ± 34.2
	5.1
	5.4
	6.6
	0.97 (0.91–0.99)



	
	Average Peak Torque
	18
	89.2 ± 27.1
	93.1 ± 31.7
	3.9
	4.4
	6.8
	0.97 (0.93–0.99)



	Knee Flexion Nondominant
	Peak Torque
	18
	94.3 ± 30.2
	98.1 ± 33.1
	3.8
	4.0
	10.1
	0.95 (0.87–0.98)



	
	Average Peak Torque
	18
	89.7 ± 29.4
	93.0 ± 31.1
	3.3
	3.7
	10.8
	0.94 (0.85–0.98)







n = sample size, SD = standard deviation, DIFF = difference between Mean2 and Mean 1, DIFF% = change from Mean1 to Mean2, CVTE (%) = coefficient of variation of typical error, ICC = intraclass correlation coefficients, CI = confidence intervall.
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Table 4. Hip abduction and adduction.






Table 4. Hip abduction and adduction.
















	
	
	n
	Mean1 ± SD
	Mean2 ± SD
	DIFF
	DIFF%
	CVTE (%)
	ICC (CI 95%)





	Hip Abduction Dominant
	Peak Torque
	18
	144.4 ± 46.6
	143.7 ± 51.0
	−0.7
	−0.5
	10.9
	0.95 (0.86–0.98)



	
	Average Peak Torque
	18
	131.2 ± 42.6
	129.4 ± 40.5
	−1.8
	−1.4
	10.8
	0.94 (0.84–0.98)



	Hip Abduction Nondominant
	Peak Torque
	17
	149.8 ± 57.8
	145.2 ± 49.4
	−4.6
	−3.1
	10.3
	0.96 (0.89–0.99)



	
	Average Peak Torque
	17
	137.3 ± 52.6
	135.2 ± 48.3
	−2.1
	−1.5
	7.6
	0.98 (0.94–0.99)



	Hip Adduction Dominant
	Peak Torque
	18
	127.3 ± 54.9
	133.1 ± 47.9
	5.8
	4.6
	10.5
	0.96 (0.90–0.99)



	
	Average Peak Torque
	18
	114.5 ± 52.6
	123.3 ± 47.2
	8.8
	7.7
	11.1
	0.96 (0.88–0.99)



	Hip Adduction Nondominant
	Peak Torque
	17
	131.1 ± 50.1
	132.8 ± 47.4
	1.7
	1.3
	12.8
	0.94 (0.83–0.98)



	
	Average Peak Torque
	17
	121.0 ± 49.8
	124.1 ± 45.7
	3.1
	2.6
	14.9
	0.93 (0.79–0.97)







n = sample size, SD = standard deviation, DIFF = difference between Mean2 and Mean 1, DIFF% = change from Mean1 to Mean2, CVTE (%) = coefficient of variation of typical error, ICC = intraclass correlation coefficients, CI = confidence intervall.
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