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Abstract
Introduction: 
          The assessment of muscle performance is an important factor of client assessment. Hand-held dynamometry is widely used in the assessment of muscular strength, the main purpose of this study was to note any significant differences between quadriceps strength in the dominant and non-dominant leg in male rugby players using a hand-held dynamometer (HHD). The hypothesis of this study was that there will be a difference in strength between the dominant and non-dominant leg. Whereas, the null hypothesis was that there will be no difference in strength between the dominant and non-dominant leg.

Method: 
          Fifteen male rugby union players with an average age of 22.2±3.7 years were assessed. All participants were required to be current rugby players, with no player suffering from quadriceps strain or any other injury 8 weeks prior to testing. Each participant was tested dominant leg first, with their knee flexed at 90 °, trying to extend their knee whilst matching the opposite force applied to the HHD by the researcher in order to mimic the quadriceps manual muscle test (MMT). This process was repeated on the non-dominant leg, each leg was tested 3 times to get an average result. 

Results:
          An independent t-test was used to examine whether there was any significant difference in quadriceps strength between the dominant and non-dominant legs. No significant differences between dominant and non-dominant legs (p = 0.795) were revealed when testing with the HHD. 

Conclusion:
          There were no significant differences between the quadriceps strength of dominant and non-dominant legs of 15 male rugby players. However, this could be due to having a limited number of participants. Further research is needed to validate the use of the HHD by a tester of average strength.

Introduction 
            The assessment of muscle performance is an important component of client assessment, especially those with neurological and musculoskeletal dysfunctions (Beaudart et al., 2019; Deones, Wiley and Worrell, 1994). Hand-held dynamometry is widely used in the assessment of muscular strength (Lesnak et al., 2019). A hand-held dynamometer (HHD) is a portable device that can be used to obtain more discrete, quantitative measures of strength during manual muscle testing (MMT) (Kelln, McKeon, Gontkof and Hertel, 2008). Hence, the HHD is the most convenient adopted methodology when assessing isometric strength as it is also time efficient, low-cost, and a simple device to use (Martin et al., 2006). In addition, the HHD is favoured by clinicians due to their strong reliability and validity in comparison with expensive and hard to access laboratory-based dynamometers (Stark et al., 2011; Bohannon, 2012; Mentiplay et al., 2015).

            Hand-held dynamometry is widely approved in clinical practice to measure muscle force and produces a more accurate estimation of muscle strength (Hébert et al., 2010). Those strength measurements can be performed via two approaches (Bohannon, 1988), the “make test,” where the researcher stabilises or ‘fixes’ the dynamometer with the participant exerting a maximal force against them (Stratford and Balsor, 1994; Ancillao, Palermo and Rossi, 2017). The other method is the  “break test,” where the researcher overpowers the maximum force applied by the participant and applies a small limb movement in the opposite direction to the participant’s force allowing the joint to give way (Stratford and Balsor, 1994; Ancillao, Palermo and Rossi, 2017). 

           The use of a HHD device to test muscular strength in dominant and non-dominant quadriceps of male rugby players, is important for a therapist in order to detect any possible weakness or injury and identifies any significant differences.  Currently, the gold standard method to quantify quadriceps strength utilises an isokinetic dynamometer. However, this option lacks clinically applicability due to cost and size (Lesnak et al., 2019). A hand-held dynamometer (HHD) provides a valid and reliable testing alternative (Hansen et al., 2015; Bohannon et al., 2011).



Hypotheses
          When making a hypothesis for this assessment, it was suggested that there would be a difference in strength between the dominant and non-dominant leg.  Based upon evidence from a previous study by Lanshammar and Ribom (2011), results showed a significant difference in isokinetic muscle strength between the dominant and non-dominant leg in a population-based study of young adult women aged 20-39. However, the null hypothesis was a rejection of that theory and suggested there would be no significant difference in strength between the dominant and non-dominant leg.


Method
Participants: 
          When gathering participants for this assessment, it was decided that fifteen healthy male rugby players (age: 22.2±3.7 years, height: 179.9±7.9cm, and weight: 84.5 ± 10.6kg) were to be enrolled in the study. The inclusion criteria stated that the fifteen males had to be currently playing rugby union for either the university team or a recognised team on a regular basis, along with being injury free for the last 8 weeks. The players were all aged between 18-35 and therefore able to give their own consent to participate in the study. It was decided that the cut off age would be 35, due to possible strength imbalances. The exclusion criteria were any females and anybody under the age of 18 or over the age of 35. Any players currently suffering, or who had previously suffered from quadriceps strain in the 8 weeks prior to testing, were also excluded from participating in this assessment. 

Design: 
          The design of this assessment was a one-shot design. This is because one group was tested along with one variable used throughout. The independent variable was the leg used as the dominant leg (right or left leg). The dependent variable was the quadriceps strength measured in kilograms (kg) using the HHD. The control variable was the same person doing the testing, this was the main researcher.



Protocol: 
            Prior to testing, all participants were required to fill out a Physical Activity Readiness Questionnaire (PAR-Q) and complete informed consent forms. Anthropometric data was taken for all participants, such as age (years), height (cm) and weight (kg). Participants were tested one at a time, whilst remaining anonymous to one another for example, labelled P1-P15. 

            When testing, the first requirement was to identify the participant’s dominant leg from their non-dominant leg. If a participant was unsure the researcher would pass them a ball and ask them to kick it back to them, the leg they chose to kick with was classed as the dominant leg. Participants were required to sit on the edge of a plinth with hips and knees at 90◦ ﬂexion. The HHD was placed by the researcher on the shin roughly 3cm above the medial malleolus. The model used was the '01165 Lafayette Manual Muscle Tester' (Lafayette Instrument Company, Lafayette, Ind., USA) (Stratford and Balsor, 1994). This HHD was used as it is readily available to the University and can be directly placed or attached to a specific body area in any position (Kim, Kim, Seo and Kang, 2014). The participants were then asked to try and extend their knee, whilst trying to match the force applied by the researcher to maintain the knee at 90◦ knee flexion for 3 seconds to measure quadriceps strength - as though mimicking that of the quadriceps MMT in a clinic assessment. The readings obtained from the HHD (kg) were recorded and each participant repeated the test using their non-dominant leg before taking a 2-minute rest period. The process was carried out 3 times on each leg to get an average result. This method is advantageous as the HHD is portable, time efficient, simple and inexpensive to set up and use. However, Martin et al., (2006) stated that when using a HHD, this stance requires substantial strength applied by the researcher in order to stabilise the HHD and sustain the isometric positioning. Further research is therefore required to fully validate the use of the hand-held dynamometer by a tester of average strength (Deones, Wiley and Worrell, 1994). 

Data analysis: 
          The data was obtained, and results collated on a sheet of paper. Participants were labelled P1-P15 and their related scores for the dominant and non-dominant leg were entered next to each participant number. These results were then transferred onto an excel document and put into SPSS in order to run the required tests. The paper copy was then placed into a folder and stored in a double locked filing cabinet, in accordance with the codes of conduct and ethics of the Society of Sports Therapists (SST) (Society of Sports Therapists, 2012).
            
            Using SPSS, a Normality test was run in order to provide descriptive statistics such as standard deviation and the mean. It helped to identify that the data was normally distributed so that parametric statistics could then be run via an independent t-test, which looks to establish whether a significant difference is found between the two groups tested. If a significant difference is found, the effect size then needs to be determined to calculate how much of a difference there is between the data, which would have required the use of manual calculation using the Eta squared equation.

Results
          The results collected on excel (see appendix 1) were transferred onto SPSS in order to carry out a normality test. From running this normality test and looking at the descriptive statistics such as skewness and kurtosis (see appendix 2), it is seen that the results are all normal. In the table labelled ‘Tests of Normality’ (see figure 1), the results are given for the Kolmogorov-Smirnov statistic which assesses the normality of the distribution of the scores. The score for this was 0.200, which is greater than 0.05 and so the height and weights are normally distributed, this data is also portrayed through the box plots (see figures 2 and 3). 

[image: ]Figure 1 – Tests of Normality from SPSS
	
[image: ]Figure 2 – Height Boxplot from SPSS
   
[image: ]Figure 2 – Weight Boxplot from SPSS     

          Following on from the normality test, parametric statistics were obtained via the completion of an independent t-test (see figure 4) which allows differences to be noted between the results of the groups. When noting the mean and standard deviation for the dominant and non-dominant scores before moving onto the results in the t-test, it was important to look at the group statistics (see appendix 3).

[image: ]Figure 4 – Independent t-test results from SPSS
	
          When checking the Levene’s test in figure 4 for equality of variances (equal variances assumed), the results showed that the Levene’s test gives a significance of 0.944, which is greater than 0.05 so equal variance is assumed. Moreover, when noting whether there is a significant difference between the two groups, a referral was made to the column in the t-test (see figure 4) labelled ‘Sig.(2-Tailed)’. The boxplot in figure 5 also expresses this. The result for this independent t-test was P=0.795, which is more than 0.05. Therefore, it can be confirmed that there was no significant difference between the results of the dominant and non-dominant legs and so the effect size could not be calculated.  

Figure 5 – Boxplots showing the results for dominant and non-dominant legs as seen in SPSS
[image: ]
Discussion and Limitations
          One of the limitations of this study is that there was a small size sample of participants and it was limited to men. As a preliminary study to investigate the reliability and validity of the HHD test, the subjects were restricted to male rugby players to control the variables and to simplify the study structure. To generalize the results of this study, additional studies with populations of both male and female players may be needed. 

          Further limitations to this study include the absence of qualitative research and equipment availability. HHD are inexpensive, portable, time efficient and easy to use but there are some factors that affect the test results and reliability when compared with the fixed or isokinetic dynamometers (Kim, Kim, Seo and Kang, 2014). HHD do have their benefits for example, they can be directly attached to a specific body area in any position however, the limitations occur when attempting to place at joint angles and measurement sites along with a lower ability of detecting muscle contraction type and speed (Kim, Kim, Seo and Kang, 2014). Even with their advantages, several pieces of evidence have stated that ‘HHD reproducibility and repeatability were controversial’ (Bohannon and Andrews, 1987; Marmon, Pozzi, Alnahdi, and Zeni, 2013). Principal causes of low reliability of HHD based method have been identified in poor operators’ training and wrong patient’s positioning (Bandinelli et al.,1999). Fixed or isometric dynamometers are currently considered the best method for the assessment of knee extensor strength due to the well-recognised validity and reproducibility (Almosnino et al., 2012). However, the maintenance costs, time needed to perform the isometric assessments, and the fact that they are not portable due to being large, ‘fixed’ pieces of equipment, means that they are not often used for clinical purposes (Muff et al., 2016).

Conclusion
          To summarise, it is shown that there are no significant differences between the quadriceps strength of the dominant and non-dominant legs when 15 male rugby players were tested, therefore proving the null hypothesis to be correct. However, this could be due to having a limited number of participants and specific inclusion criteria, for example, if the study included participants with a previous injury, then a significant difference may have been noted.                                                                                                  Word Count: 2179
Appendices 



Appendix 1 – Results table as seen on EXCEL. 

	Participant ID
	Age
	Height (cm)
	Weight (kg)
	Dominant
	Non-dominant

	1
	19
	171
	73
	43.4
	42.7

	2
	24
	188
	85
	44.9
	44.5

	3
	22
	179
	83
	40.6
	40.1

	4
	18
	169
	70
	39.8
	39.2

	5
	21
	177
	83
	47
	47.4

	6
	22
	179
	87
	52.3
	52.1

	7
	20
	187
	89
	44.6
	43.9

	8
	25
	190
	103
	42.8
	42.7

	9
	30
	185
	92
	43
	42.5

	10
	19
	175
	78
	45
	44.8

	11
	21
	179
	85
	45.2
	45

	12
	22
	187
	96
	47.3
	46.9

	13
	21
	173
	72
	41.8
	41.2

	14
	19
	168
	70
	36.8
	36.9

	15
	30
	192
	101
	44.4
	43.8

	AVERAGE
	22.2
	179.93333
	84.4666667
	43.92666667
	43.58

	SD
	3.68781778
	7.8509933
	10.6426814
	3.597115246
	3.654781604






























Appendix 2 – Descriptive Statistics as seen on SPSS
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Appendix 3 – The group statistics for the mean and standard deviation for each group as seen on SPSS
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