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Abstract

:

Featured Application


Researchers measuring somatotype should report technical capability of data collectors and technical error of measurement in order to ensure somatotype categorization is accurate.




Abstract


Inquiry into somatotype often seeks to assign participants into somatotype groups. The aim of this study was to demonstrate how the intra-tester reliability of anthropometric measures can influence how somatotype is categorized. Sixty-eight physically active males (mean [SD] 24.8 [7.9] y; 79.8 [14.4] kg; 1.81 [0.07] m) had their anthropometric profiles measured and somatotype components calculated. Technical error of measurement (TEM) was used to calculate 95% confidence intervals (CI) for overall somatotype calculation (RTEM) for the data collected by the lead researcher. CIs were further calculated based on the International Society for the Advancement of Kinanthropometry accreditation Level 1 and 2/3 thresholds. Somatotype groups were categorized as either simple (four groups) or detailed (13 groups). RTEM had the smallest TEM values (0.05 somatotype units). Detailed somatotype categorization demonstrated larger potential for misclassification (39.7–72.1%) versus simple categorization (29.4–38.2%). Researchers investigating somatotype should keep technical skill high and group according to the four simple somatotype categories in order to maintain acceptable categorization reliability.
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1. Introduction


Variation in biological or mechanical (equipment) factors can result in measurement error in experimental environments [1,2]. The true value of any measurement will be one that is free of measurement error [2]. In reality, continuous measurements will always include some magnitude of error [1] but the key is to try to minimize this error in order to identify actual differences or changes in performance.



Anthropometry is susceptible to measurement error due to variations in technique, equipment issues and human error [3]. It is important to try to minimize this error to ensure measurements are as reliable and accurate as possible. The International Society for the Advancement of Kinanthropometry (ISAK) have provided standardized techniques for the measurement of anthropometric variables [4]. The provision of standardized protocols with exactly defined landmarks to determine a measurement, and the associated training provided by ISAK can help to decrease the imprecision and inconsistency that accompanies measurement by individuals with poor technique [5,6]. Reliability is often assessed using the intra-tester technical error of measurement (TEM) [7,8], which determines the magnitude of the difference between repeated measures on the same participant by the same measurer. Calculation of the TEM for any anthropometric dimension will allow further computation of confidence intervals around the actual value [8]. This will help to assess how accurately the sample mean reflects the mean in the population, giving boundaries around which the true value should fall [9]. The calculation of TEM is also considered to represent absolute reliability within the sample population and therefore preferential to measures of relative reliability such as intra-class correlation coefficients (ICC) [10].



Somatotype is a numerical representation of physique, quantifying the morphology and characteristics of the human body [11]. Somatotypes are commonly reported in terms of their dominant components, with 13 categories providing detailed grouping [12]. However, it is also possible to simplify these 13 categories into four simple groups, each representing the dominance of endomorphy (relative adiposity), mesomorphy (musculo-skeletal robustness), or ectomorphy (linearity), or central (no dominance) [13]. Many studies have identified that somatotype components are highly related to performance in certain sports including combat sports [14,15], rowing [16], basketball [17], volleyball [18] and endurance and ultra-endurance events including Ironman [19]. It has also been established that the task-specific nature of sports such as soccer, basketball and volleyball require discrete positional somatotypes with detailed grouping [17,18,20]. Somatotype has also been linked to functional capacity [21,22,23]. Given the propensity for researchers to assign populations to somatotype groups, establishing the reliability of this grouping is important to confirm the observations made. Despite the need for reliability in anthropometric measures, authors rarely report measurement errors in human populations [24] particularly in somatotype research [25,26,27,28,29,30,31]. No other study has outlined the impact of error on somatotype categorization. Measurement error needs serious consideration if statistical methods are to remain uncompromised and grouping of individuals is to remain correct [32]. This study aims to demonstrate the influence of intra-tester technical error of measurement (TEM) on somatotype categorization in a large population of participants with different somatotypes. The objective is to give researchers confidence in their categorization of participants.




2. Materials and Methods


Sixty-eight physically active males (mean [SD] 24.8 [7.9] y; 79.8 [14.4] kg; 1.81 [0.07] m) were recruited to the study from the local community. Participants provided written informed consent prior to participating in the study. The study received approval from the Institutional Human Ethics Committee.



Participants were recruited initially using purposive sampling for body composition assessment. Participants were tested on one occasion and were instructed to attend the session fully hydrated and having refrained from intense physical activity for the 24 h preceding testing. Anthropometric measures were taken from the participant, with a minimum of two measures taken at each site. If a difference existed between the first two measures of <5% for skinfolds and <1% for all other measures, a third measure was taken [4]. The two closest values were transferred to the TEM calculation.



Participants’ anthropometric profiles were measured by a Level 3 ISAK anthropometrist using ISAK protocols [4], and somatotype calculated in line with the Heath-Carter methods [13]. Mean TEM for skinfolds was 2.2% and for all other measures was 0.2%.



Technical error of measurement was calculated for each individual anthropometric variable using Equation (1) as follows:


  TEM =   (    Σ  (  sd  )  2   2 n    )    



(1)




where sd = standard deviation (of two repeat measurements) and n = number of participants measured.



This was used to calculate 95% confidence intervals (CI) for the individual variables, and for the overall somatotype calculation. Further, TEMs equivalent to those who train to become ISAK Level 1 (7.5% for skinfolds, 1.5% for all other measures) and Level 2/3 (5.0% for skinfolds, 1.0% for all other measures) in the post-course guidelines [4] were calculated and used to calculate equivalent 95% CI’s for theoretical operators at the relevant qualification thresholds. Each individual participant was assigned a detailed and a simplified somatotype category. It was further analyzed if they were still assigned to this category based on their 95% CI’s from the researcher’s TEM (RTEM), a theoretical Level 1 ISAK anthropometrist TEM (L1TEM) or a theoretical Level 2/3 ISAK anthropometrist TEM (L23TEM) based on the allowable accreditation thresholds for these levels [4].




3. Results


3.1. Somatotype Distribution


Mean (±SD) somatotype component values were Endomorphy 3.5 (±1.8), Mesomorphy 4.4 (±1.6), Ectomorphy 2.6 (±1.6) across the sample population. Somatotype attitudinal distances (SADs) ranged from 0.1 to 6.8, and the Somatotype attitudinal mean (SAM) was 2.5 somatotype units. Calculation of somatotypes demonstrated a range of values with extremes in each of the three classifications (Figure 1a). The endomorphy scores ranged from 1.2–8.7; mesomorphy from 0.7–8.7 and ectomorphy from 0.1–7.1. RTEM provided the smallest average TEM (0.05 somatotype units) and range of 95% CI’s (within 0.1 somatotype units of the mean; Figure 1b). The average TEM and the 95% CI range increased with L23TEM (TEM 0.11 somatotype units; 95%CI within 0.2 somatotype units of the mean; Figure 1c) and increased even further with L1TEM (TEM 0.16 somatotype units; 95% CI within 0.3 somatotype units of the mean; Figure 1d).




3.2. Somatotype Categorization


Simplified categorization of somatotype was more accurate for all intra-tester reliability levels, with the RTEM potentially misclassifying 29.4% of participants, L23TEM 35.3% and L1TEM 38.2% respectively (Table 1). With the RTEM only four participants could have been misclassified into a completely different somatotype category (1 × central, 1 × non-dominant mesomorph, 1 × non-dominant endomorph and 1 × non-dominant ectomorph). All other participants still had their highest number in the dominant category, even if they went from dominant (more than 0.5 units higher) to non-dominant, or vice versa. This increased to five participants for L23TEM and 15 participants for L1TEM, with the majority of these being those in non-dominant categories. The potential to misclassify somatotype was higher for detailed somatotype category with RTEM potentially misclassifying 39.7%, L23TEM 61.8%, and L1TEM 72.1% respectively.





4. Discussion


The results of this study demonstrate that TEM should be taken into account when calculating somatotype category. A lower TEM reduces the chance of mis-categorizing a person with respect to their somatotype, and increases the reliability of determining the dominant somatotype in a simplified categorization. This is an important finding in the context of research or applied practice that groups participants according to somatotype.



This study demonstrated that nearly one third (29.4%) of the results from an individual with a high technical skill (ISAK Level 3) misclassify somatotype categories. Therefore, researchers should be aiming for TEMs < 2.5% for skinfolds and <0.5% for all other measures in line with those demonstrated in the current study. Somatotype papers that utilize ISAK protocols often report individual measure TEMs of a similar magnitude to those shown in the current data set [33,34,35]. When TEM is at ISAK Level 1 accreditation threshold, there is a larger spread of values on the somatochart compared to those of a higher technical competency. The reliability of somatotype also demonstrates that mis-categorization occurs more often with higher TEMs and with a detailed approach to classification. There are very few somatotype-focused papers that report TEM as standard [24,25,26,27,28,29,30], and there are no other known papers that look specifically at how error can affect somatotype categorization.



Previous researchers have attempted to establish population somatotype trends in specific sports. Busko et al. [14] compared the Judo athletes in their study to untrained students indicating that judoist were more mesomorphic and ectomorphic than untrained participants (Table 2). However, despite using simplified categorization the paper demonstrated no consideration of TEM when categorizing the participants potentially leading to up to 6 of their judoists being classified incorrectly in terms of their somatotype group. The influence of TEM on the categorization of the judoists, in particular, could be important as this group had the most population variability due to the presence of athletes from different weight categories and there only being 15 participants in total. The variation due to weight-category was also present within a more recent paper investigating male and female judokas [15], and may account for some of the differences in somatotype groupings between the two papers. Busko et al. [14] indicated their judo athletes to be mesomorphic and ectomorphic, whilst Roklicer et al. [15] had more of a predominance towards mesomorphic and endomorphic. If TEM was taken into account in a similar manner to the current study in either paper, it may be that the two judo populations are more similar than they appear in terms of somatotype.



Table 2 gives a summary of reviewed somatotype literature, indicating the impact of lack of acknowledgement of TEM on potential categorization. Certain sports indicate that their athletes’ somatotype is often determined by the task requirements of particular positions [18,20], age [17] or competition standards [18]. Detailed categorization is often used to determine these differences between position, age or competition standard. The current study indicates that this type of categorization is the most susceptible to error. Combined with a lack of acknowledgement of TEM, a high chance of mis-categorization may result in less obvious differences between these groups. Cardenas-Fernandez et al. [20] report TEMs for their skinfolds and other measures of a similar magnitude to the current study, but fail to convert this into somatotype units making it difficult to determine the accuracy of their categorization pattern. If researchers want to accurately determine the exact somatotype grouping of specific sporting populations, it is important that they consider TEM in their data analysis.



The current study demonstrated similar TEMs to previous research which assessed the relationship between somatotype and function during exercise [35]. Bolonchuk et al. [35] reported their technical error to be less than 0.2 somatotype units (compared to less than 0.1 for the researcher TEM in the current study), and grouped their participants with simple dominance. Accordingly, due to the similar error to the current study, it is postulated that 19 out of the 63 participants were mis-categorized. Despite this they demonstrated a difference in function during exercise between the somatotype groups, with ectomorphs in particular showing different values to those grouped as meso- and endomorphs. Ectomorphs appear to be the least susceptible to mis-categorization via technical error in the current study and so observations in functional differences in this group are likely to be a true representation. In a study with a similar focus, participants were grouped according to dominant somatotype in the more detailed form with 9 endo-mesomorphs, 11 mesomorphs, 12 meso-ectomorphs and 9 ectomorphs following a 12-week endurance training program [36]. However, there is no mention of the magnitude of error within the latter paper. Given that the expertise of the investigator is also not referred to, it is possible that up to 72% of participants (30 of 41) were mis-categorized, leaving the results highly questionable. Sunitha and Joseph [30] also indicated that adolescents of different somatotype categories demonstrated different training responses, yet they did not report their technical error for either individual measures or somatotype as a whole. If participants were miscategorized due to measurement error, their observations may not be as informative. This demonstrates the importance of reporting reliability data when assessing any relationships of somatotype to factors such as training response.



The importance of the current study’s findings can be contextualized in light of the strengths and weaknesses of the study design. The strong technical skills exercised in the current data set have resulted in low technical error scores. Even then, recognition that some participants may fall slightly outside of their established dominant group is evident, although with low technical error dominance is often still attributed to the originally assigned category. This could be a concern when grouping participants according to dominant somatotype, but is less of a concern when considering the rating as part of a continuum. The population of the current study are from a breadth of somatotype categories, as demonstrated by the SAM of 2.5 being in excess of the 1.0 somatotype unit threshold set by Carter et al. [36] being represented of a large spread of data. This results in the error being representative of somatotypes across the spectrum of possible values and categories.



Recent research often reports both the protocol (often ISAK) and TEM used [32,33,34], demonstrating values that are similar to those seen in the current study. However, despite somatotype being a focus of these studies, they do not report how these errors influence somatotype calculations by reporting somatotype TEM or potential for mis-categorization. Studies that group participants according to somatotype category should take into account measurement error and indicate any potential mis-categorizations. It is also recommended that those studies keep their categorization system simple rather than increasing potential mis-categorization through a detailed system.
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Table 2. Summary of reviewed somatotype literature using grouping to determine differences in outcome measures.
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	Author, Year
	Participants
	Population Somatotype
	Somatotype Grouping
	TEMs Reported?
	Potential for Mis-Classification





	Busko et al., 2017 [14]
	15 male Judoists (training experience 10.0 ± 2.8 years); 154 untrained students.
	Judoists: 3.21 [±0.78], 5.87 [±1.16], 1.83 [±0.96].

Untrained: 3.90 [±1.56], 4.60 [±1.14], 2.88 [±1.27]
	Simple
	No
	Up to 6 judoists and 59 untrained students.



	Roklicer et al., 2020 [15]
	61 male judokas, 37 female judokas separated into 7 weight categories
	Males range: 1.69–2.92, 3.65–6.35, 0.91–3.99

Females range: 2.17–4.44, 2.71–5.68, 0.22–3.48.
	In descriptive text—detailed.
	No
	Up to 44 male and 27 female judokas.



	Guereno et al., 2018 [16]
	20 elite male rowers
	3.5 [±0.4], 4.7 [±0.6], 2.4 [±3.5]
	In descriptive text—detailed
	No
	Up to 15 participants



	Gryko et al., 2018 [17]
	70 male basketball players (young [n = 35] and adult [n = 35])
	Young: 2.12 [±0.81], 3.75 [±1.01], 4.17 [±1.08].

Adult: 2.26 [±0.59], 4.57 [±1.07], 3.04 [±0.89].
	In descriptive text—detailed.
	No
	Up to 50 participants



	Giannopoulos et al., 2017 [18]
	144 Greek male volleyball players grouped by Division and position
	3.05 [±0.74], 2.32 [±1.09], 2.93 [±1.01]
	Detailed
	Test-retest reliability but no TEM provided.
	Up to 104 participants



	Cardenas-Fernandez et al., 2019 [20]
	174 youth soccer players (U14 n = 34; U16 n = 40; U19 n = 100)
	Range: 2.8–4.5, 3.2–5.2, 2.2–3.9
	Detailed
	Yes—<3% for skinfolds, <1% all other measures.
	Up to 69 players (U14 = 13; U16 = 16; U19 = 40).



	Cinarli and Kafkas, 2019 [22]
	150 untrained males
	Median: 2.8, 4.3, 2.6.
	Detailed
	No
	Up to 108 participants



	Chatterjee et al., 2019 [23]
	148 trained athletes (aged 10–20 years)
	Not given
	Simple
	No
	Up to 57 participants



	Sunitha and Joseph, 2018 [30]
	60 male PE students (15–17 years)
	Not given
	Simple
	No
	Up to 23 participants



	Bolunchuk et al., 2000 [35]
	63 male participants
	3.1 [±0.2], 3.7 [±0.2], 2.4 [±0.2]
	Simple
	Yes, <0.2 somatotype units.
	19 participants



	Chaouachi et al., 2005 [36]
	41 fit PE students
	Range: 1.7–4.1, 2.0–4.8, 2.1–5.0.
	Detailed
	No
	30 participants









5. Conclusions


This study has demonstrated that somatotype can be accurately classified in simplified form when TEMs are low, although this may still lead to 29% of participants being mis-categorized into the incorrect somatotype group. Error needs to be kept as low as possible when calculating somatotype and may need to be even lower than that stated by ISAK for accreditation of the most technically skilled anthropometrists. If a participant is mis-categorized into the incorrect somatotype group, observations between groups could be mis-represented. For this reason, simplified categorization should be used in group comparison studies. It is also recommended that authors of somatotype papers clearly state the technical skill of the measurer and the TEMs of their measures so any potential mis-classification can be accounted for. Future research could look to establish the minimum magnitude of error required to ensure exact categorization of somatotype grouping.
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Figure 1. Somatocharts demonstrating: (a) distribution of somatotype for study participants (n = 68); (b) mean somatotype for population with RTEM mean ranges; (c) Mean somatotype for population with L23TEM mean ranges; (d) Mean somatotype for population with L1TEM mean ranges. ▪ = population mean. O = RTEM 95% confidence intervals. 
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Table 1. Percentage of participants potentially mis-classified based on 95% CI’s.
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	Somatotype Category
	RTEM
	L23TEM
	L1TEM





	Detailed
	39.7%
	61.8%
	72.1%



	Simplified
	29.4%
	35.3%
	38.2%







Note: RTEM = Researcher TEM, L23TEM = Error associated with ISAK Level 2 and 3 TEM, L1TEM = Error associated with ISAK Level 1 TEM.
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