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TRUNK STRENGTH AND ENDURANCE TESTING IN FIELD-ATHLETES: A 26 

RELIABILITY STUDY. 27 

 28 

 29 

ABSTRACT 30 

Objectives 31 

Despite the important role of the trunk muscles in athletic performance and the onset of injury, 32 

consensus is lacking as to the best methods to assess trunk strength and endurance in athletic 33 

populations in the field. This study aimed to examine the intra-rater reliability of a battery of 34 

trunk strength and endurance tests. 35 

 36 

Design 37 

Test-retest reliability study. 38 

 39 

Setting 40 

Isometric trunk strength using a hand-held dynamometer (HHD) and isometric trunk endurance 41 

using the McGill protocol and novel ‘long-lever’ tests were evaluated. 42 

 43 

Participants  44 

Twenty-three male field-athletes. 45 

 46 

Main Outcome Measures 47 

Intra-class coefficient (ICC) and standard error of measurement (SEM).  48 

 49 

Results 50 
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For relative reliability, good to excellent results were found for all HHD strength tests (ICC = 51 

0.70-0.91). Relative reliability for trunk endurance tests showed excellent results for the 52 

McGill protocol (ICC = 0.80-0.89) and moderate to excellent reliability for the long-lever tests 53 

(ICC = 0.57-0.96). The V-Sit endurance test and the isometric lateral flexion strength test 54 

showed lower absolute reliability, with relatively high SEM values. 55 

 56 

Conclusions 57 

Therefore, we recommend practitioners assess athlete trunk function by using a HHD to 58 

evaluate isometric flexion, extension and rotation trunk strength and the Biering-Sørenson, and 59 

long-lever lateral flexion and flexion tests to assess trunk endurance. 60 

 61 

Key words: Trunk; strength; endurance; soccer: football; hurling; tests; assessment,  62 
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 77 

INTRODUCTION 78 

The trunk muscles produce the force necessary to generate or prevent movements of the trunk 79 

(26).   Given their central position in the body relative to the upper and lower limbs, they are 80 

thought to have an important role in the transfer of energy in the kinetic chain and thus 81 

contribute significantly to athletic function  (24,49). As such training the trunk muscles to 82 

enhance athletic performance has long been considered a priority for conditioning programs in 83 

sporting populations with some evidence indicating that such training programs can lead to 84 

improvements in athletic performance (11,19,34,48). Although evidence exists that the trunk 85 

muscles may have a considerable influence on athletic performance (11,19,34) there is a lack 86 

of evidence for robust tests that practitioners can use to measure trunk muscle function. 87 

 88 

Trunk muscle strength and endurance are thought to enhance athletic performance (14). Muscle 89 

strength is the maximum voluntary force that can be exerted by a muscle or muscle group under 90 

specific conditions (46). The gold standard for testing trunk strength is considered to be the 91 

isokinetic dynamometer (IKD) as it has high validity and reliability (14,20). However, the cost 92 

and size of IKD machines makes them prohibitive for day-to-day practice with athletes. The 93 

hand-held dynamometer (HHD) is a cost-effective and portable alternative to the IKD for 94 

assessing muscle strength (37).  95 

 96 

For an instrument (such as a HHD) to be used in clinical practice or research its reliability, 97 

validity and responsiveness should be considered adequate, otherwise there is a risk of 98 

imprecise results and misdirected treatments (28).  Reliability is the extent to which a 99 

measurement is free from measurement error which may arise from the instrument, 100 

participants, testers or the testing circumstances (28,43). Numerous methods using the HHD to 101 
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evaluate trunk strength have showed excellent relative reliability, measured by Intra-class 102 

coefficient (ICC), in different positions such as sitting (33) (ICC = 0.82), standing (18,22) (ICC 103 

= 0.83-1.0) or lying down (1,6) (ICC = 0.78 – 0.93). However, for sitting and standing the feet 104 

are in contact with the ground, thus it is conceivable that the lower limbs may contribute to 105 

force production in these positions making them less trunk specific. 106 

 107 

De Blaiser et al (2018) found high correlations between HHD and IKD (r = 0.65–0.86) and 108 

excellent reliability for the HHD while testing trunk flexion at 30º and extension at 0º on a 109 

plinth (ICC = 0.90 and 0.93 respectively). The strength of the athlete’s trunk muscles can make 110 

it difficult for the operator to prevent trunk movement with this technique to attain an isometic 111 

contraction. Hence movement can be restricted with external trunk fixation using straps (1). 112 

Trunk rotation has been assessed using a bar in both standing and sitting(1). Although good to 113 

excellent reliability (ICC 0.68-0.92) was found for both rotational methods, the use of the bar 114 

may preclude use in clinical environments. For the present study, multidirectional isometric 115 

trunk strength was assessed using only straps over the trunk and legs to ensure isometric 116 

contraction. 117 

 118 

Muscle endurance is the ability of muscles to resist fatigue in response to sub-maximal 119 

resistance (17). Isokinetic dynamometry has been used for measurement, although as 120 

previously mentioned its use in the field is limited (14). Field tests for trunk endurance can be 121 

either dynamic (4,8) or isometric (5,12,27). McGill et al (1999) used a battery of four tests 122 

(including Biering-Sørenson, V-sit, and side bridge) which have been shown to have good to 123 

excellent intra and inter-rater reliability in non-athletic populations (12,20,31,44). To the 124 

authors knowledge, the reliability of this testing battery has not been examined in an 125 

exclusively field-athlete population. In addition, the upper and lower limbs may contribute 126 
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significantly to two of the tests. In the V-sit, the hips are flexed at 60° thus increasing the 127 

recruitment of the hip flexors (2). The side bridge position is maintained using the arm, with 128 

arm pain and/or fatigue commonly reported as the reason for test termination (16). 129 

Electromyographic studies have shown that variations of the side bridge recruit 29-63% of 130 

maximum voluntary contraction of the external oblique musculature (50). Hence, although the 131 

side-bridge test undoubtedly targets the lateral trunk musculature, the level of contribution of 132 

the upper limb to holding the position remains in doubt.  To address these issues, we developed 133 

the “long-lever” tests which negate the use of upper limb for the side bridge test and place the 134 

participant with hips at 30º flexion with the intent of biasing muscle recruitment of the lateral 135 

and anterior trunk respectively. 136 

 137 

In summary, the trunk muscles have been implicated as having an important function in athletic 138 

performance. However, there is no consensus on an optimal testing battery for trunk strength 139 

and endurance in athletes that can be performed by practitioners in the field. Therefore, the aim 140 

of the current study was to evaluate the intra-rater reliability of the following field tests in 141 

healthy athletes; (1) multi-directional isometric trunk strength using a HHD and straps; (2) the 142 

McGill trunk endurance test battery; (3) the ‘long-lever’ tests, in a cohort of healthy athletes.  143 

 144 

 145 

 146 

 147 

 148 

 149 

 150 

 151 
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 152 

METHODS  153 

Subjects 154 

Ethical approval was received through the Technological University Dublin Research Ethics 155 

and Integrity Committee (REIC-22-14). All study participants signed an informed consent form 156 

prior to data collection. Data were collected at two private clinics in Ireland between March 157 

2023 and May 2024.  158 

 159 

Participants were adult male field-sport athletes (18-40 years old) from soccer, Gaelic football 160 

and hurling who had participated in training and/or competed in their sport at a registered club 161 

in the last 12 months. Participants were recruited once ethical approval was gained. 162 

Recruitment was through social media, direct contact of Gaelic football, hurling and soccer 163 

clubs, coaches, and health professionals. If interested, participants contacted the research team 164 

for further information. A brief telephone interview was arranged to discuss the research aims 165 

and screen inclusion/exclusion criteria. If the individual was eligible and interested in 166 

participating, they were emailed an informed consent form. On receipt of the completed form 167 

they were included in the study. 168 

 169 

Exclusion criteria were as follows; an episode of activity-limiting LBP in the last 12 months,  170 

defined as pain localised from T12 to the gluteal folds, resulting in time loss from sport that 171 

“prevents a player from taking full part in all training activities typically planned for that day 172 

and match play for more than 24 hours from midnight at the end of the day the injury was 173 

sustained’’ (7); thoracic or lumbar spine surgery in the past 18 months; previous fusion surgery 174 

of the lumbar or thoracic spine; LBP attributed to malignancy, rheumatological disorders, 175 

infections or acute vascular causes; any medical condition preventing them from engaging 176 
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safely in the physical testing procedures; LBP with dominant leg pain; inadequate ability to 177 

speak and/or understand English.  178 

  179 

Procedures 180 

After written informed consent for each participant was received, physical testing of the athlete 181 

was arranged. The test procedure was conducted a second time 2-5 days later, where possible 182 

at the same time of day as the first session to limit the effects of circadian variation. All tests 183 

were conducted by a state-registered Physiotherapist with 15 years of post-graduate clinical 184 

experience in musculoskeletal and athletic environments, with a special interest in spinal 185 

cohorts. There was no formal warm up advised as the testing battery was already quite 186 

extensive. The following test procedures was carried out in the same order on both days. 187 

 188 

Strength testing 189 

Strength tests for flexion, rotation, lateral flexion and extension were performed.  To minimise 190 

trunk movement, three nylon straps were used (Figure 1). These straps were placed across the 191 

participant’s sternum, anterior superior iliac spine (ASIS) and 10cm superior to the lateral 192 

malleoli for flexion, rotation and lateral flexion. For extension, a strap was placed across the 193 

participant’s thoracic spine at T4, posterior superior iliac spine (PSIS) and 10cm superior to 194 

the lateral malleoli (Figure 2). In all movements, the HHD (MicroFET 2 handheld 195 

dynamometer, Hoggan Scientific LLC, Salt Lake City) was affixed to the thoracic or sternal 196 

strap using the hand attachment. The HHD was held in place by the tester. Participants were 197 

asked to perform a maximal push into the dynamometer with their trunk for 5 seconds (6,40). 198 

A single familiarisation repetition in each direction was conducted. Three maximal efforts in 199 

each position were recorded with 15 seconds between contractions. A standard command of 200 

“3, 2, 1 push as hard as you can” was given for each test with no encouragement given during 201 
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contraction. A 2-minute rest period was taken between each position. Tests were terminated if 202 

the position was not maintained, if pain was experienced, or if the participant voluntarily 203 

discontinued the test. 204 

  205 

Strength Tests 206 

Flexion: The participant was placed in supine with knees fully extended and the hips flexed to 207 

30º with the trunk supported by the inclined portion of the bed. The HHD was placed on the 208 

sternum inferior to the supra-sternal notch.  209 

 210 

Rotation: The participant assumed the same position as for flexion. The HHD was placed over 211 

the pectoral muscles, medial to the gleno-humeral joint and inferior to the clavicle, of the 212 

opposite side to which the participant was rotating.  213 

 214 

Lateral flexion: The participant lay in side-lying, with both hips and knees in 0º flexion. The 215 

middle strap was placed over the ASIS and affixed to the centre of the bed (see Figure 1). The 216 

dynamometer was placed inferior to the acromion. 217 

 218 

Extension: The participant was placed in prone at 0º extension with their hands to the side of 219 

their head and elbows not touching the bed. They were placed so that their head would fit into 220 

the head-cutout in the bed. The dynamometer was placed at T4. 221 

 222 

 223 
 224 
 225 
 226 
 227 
 228 
 229 
 230 
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Figure 1: The trunk isometric strength tests 231 
 232 

 233 
 234 
1 (A) Flexion, (B) Rotation, (C) Lateral Flexion (D) Extension 235 
 236 
 237 
 238 
 239 
 240 
 241 
 242 
 243 
 244 
 245 
 246 
 247 
 248 
 249 
 250 
 251 
 252 
 253 
 254 
 255 
 256 
 257 
 258 
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Figure 2: The hand-held dynamometer placements 259 
 260 

 261 
 262 
(A) Flexion, (B) Rotation, (C) Lateral Flexion, (D) Extension 263 
 264 

Endurance testing  265 

Participants were given a 5-minute rest period before endurance testing. The two endurance 266 

testing batteries (McGill and Long-lever) were separated by another 5-minute break. For all 267 

endurance tests participants were familiarised with the test position for a maximum of 5 268 

seconds and then returned to a resting position.  Participants were then asked to hold the 269 

position as long as they could and the time to test cessation (secs) was recorded. The test was 270 

stopped when participants could not maintain their position any longer, experienced pain or 271 

wished to stop the test.  272 

 273 

Endurance Tests 274 

McGill protocol (Figure 3) 275 
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V-Sit Test: The participant sat on the bed with knees at 90° and hips flexed to 60°. The arms 276 

were folded across the chest and a strap was placed across the feet. 277 

 278 

Side-bridge Test: The participant lay in side-lying with the upper foot placed in front of the 279 

lower foot with knees extended. The underneath arm was flexed at the elbow and the body was 280 

maintained in a neutral position.  281 

 282 

Biering-Sørenson Test: The participant lay in prone with the PSIS level with the end of the bed 283 

and the arms folded across the chest. Straps were placed across PSIS and 10cm superior to 284 

malleoli.  285 

 286 

Long-lever protocol (Figure 4) 287 

Long-lever flexion (LL flexion): The participant sat on the bed with knees at 0° and hips flexed 288 

to 30°. The trunk was supported by the bed prior to the test beginning.  A strap was placed 289 

10cm superior to malleoli. 290 

 291 

Long-lever lateral flexion (LL lateral flexion): The participant lay in side-lying with the ASIS 292 

level with the end of the bed and the arms folded across the chest. Straps were placed across 293 

the ASIS and 10cm superior to malleoli. 294 

 295 

 296 

 297 

 298 

 299 

 300 
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Figure 3 – The trunk endurance tests (McGill Protocol) 301 
 302 
 303 

 304 
 305 
3 (A) V-Sit Test, (B) Side Bridge, (C) Biering-Sørenson 306 
 307 
 308 
 309 
 310 
 311 
 312 
 313 
 314 
 315 
 316 
 317 
 318 
 319 
 320 
 321 
 322 
 323 
 324 
 325 
 326 
 327 
 328 
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Figure 4 – The long-lever trunk endurance tests  329 
 330 

 331 
 332 
(A) Long-Lever Flexion (B) Long-Lever Lateral Flexion 333 
 334 

Statistical Analysis 335 

Peak isometric force measured in Newtons (N) using the HHD was determined by taking the 336 

highest value of the three maximal efforts (23). All endurance tests were measured in seconds 337 

(27). Data were analysed using IBM Statistics SPSS v 29.0.2.0. Initial screening with the 338 

Kruskall-Wallis test demonstrated normality of the data distributions and the test results were 339 

summarised using means and standard deviations. Relative reliability was determined using 340 

the Intraclass Correlation Coefficient (ICC 2,1), with 95% CI, applying a two-way random 341 

effects model, with absolute agreement for a single measurement (41). The ICC was 342 

considered to be low if it was <0.40, moderate if 0.40-0.59, good if 0.6-0.75 and excellent if 343 

>0.75 (10). Based on an expected ICC of 0.85, precision of 0.1, 6 repetitions per 344 

subject,  alpha of 0.05 and power of 80%, calculations showed that the minimum sample size 345 
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for the study was 18 participants (45). The absolute reliability was measured using the 346 

standard error of measurement (SEM) and coefficient of variation (CV). The SEM was 347 

calculated from the ANOVA table, taking the square root of the Mean Squared Error of the 348 

residual (SEM = √σ2 residual ) (43). The minimal detectable change (MDC) was calculated as 349 

MDC= SEM × 1.96*√2 (47). The CV was calculated as 𝑆𝑆𝑆𝑆
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

 X 100 (3,42) 350 

 351 

RESULTS 352 

In total, 24 male athletes were eligible for the study. One participant was unable to attend the 353 

second testing day due to logistical reasons and therefore was excluded from the study. 354 

Therefore, 23 participants were completed all testing on both days. Baseline participant 355 

characteristics are shown in Table 1. All athletes played at an amateur level i.e. not at elite level 356 

in Gaelic football or hurling, or semi/full professional in soccer, with some athletes playing 357 

more than one sport (Table1). The mean days between testing was 3.0 (SD = 1.93). Mean 358 

strength and endurance values are shown in Table 2. 359 

 360 

Intratester reliability for all tests using ICC, SEM and MDC measurements, are shown in Table 361 

1. All isometric strength tests using the HHD were found to have good to excellent relative 362 

reliability (ICC = 0.7-0.91). All isometric endurance tests showed excellent intratester relative 363 

reliability (ICC = 0.77-0.96) except the right LL lateral flexion test which showed moderate 364 

intra-tester reliability (ICC = 0.57). For the strength tests the SEM ranged between 13-39N and 365 

the MDC from 38-109N. For the endurance tests the SEM ranged between 6-58secs and MDC 366 

from 17-161 secs. 367 

 368 

 369 

 370 
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Table 1: Baseline participant Characteristics 371 

 Mean (SD)   

Age (Years) 26.4 (5.6) 
 

  

Current Training & Match sessions per week 
(self-reported) 
 

3.7 (1.0) 
 

  

Steps per day (self-reported) 11,073.7 (5243.3) 
 

  

Sports Played Gaelic Football 
 

Hurling 
 

Soccer 
 

Participants 18 
 

6 
 

4 
 

 372 

 373 

 374 

 375 

 376 
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Table 2:  Intratester reliability values of trunk strength (Newtons) and endurance (seconds). 377 

Isometric Strength Tests 
T1 

Mean (SD) 
N 

T2           
Mean (SD) 

N 

Total 
Mean (SD) 

N 

CV
% 

Ratio to 
Extension 
Strength  

ICC 
2,1 

95% CI 
for ICC 

SEM 
N 

MDC 
N 

          
Peak Flexion  241.5 (62.0) 

 
238.2(58.6) 240.3 (59.7) 24.8 1.37 0.90 0.79 - 0.96 18.90 52.38 

Peak Rotation R 235.8 (51.0) 
 

227.5 (49.5) 231.0 (49.8) 21.6 1.31 0.83 0.65 - 0.92 20.56 57.00 

Peak Rotation L 246.3 (53.5) 
 

243.1 (54.1) 
 

245.5 (53.2) 21.7 1.40 0.84 0.67 - 0.93 21.54 59.71 

Peak Lateral Flexion L 220.8 (68.9) 
 

246.4 (82.5) 
 

233.5 (76.3) 32.7 1.33 0.70 0.40 - 0.86 39.41 109.25 

Peak Lateral Flexion R 239.2 (80.8) 
 

260.2 (76.7) 
 

247.8 (78.9) 31.8 1.41 0.74 0.46 - 0.88 38.00 105.34 

Peak Extension 170.6 (42.6) 
 

178.0 (50.0) 
 

175.9 (46.0) 26.2 1.00 0.91 0.80 - 0.96 13.99 38.77 

Isometric Endurance Tests 
T1 

Mean (SD) 
Sec 

T2          
Mean (SD) 

Sec 

Total 
Mean (SD) 

Sec 

CV
% 

Ratio to 
Biering- 
Sorenson 

ICC 
2,1 

95% CI 
for ICC 

SEM 
Sec 

MDC 
Sec 

          
V-Sit 250.4 (161.3) 

 
244.5 (151.6) 

 
245.7 (154.8) 63.0 2.11 0.87 0.71 - 0.94 58.12 161.11 

Side Bridge L 83.5 (23.2) 
 

80.7 (23.4) 
 

81.7 (23.1) 28.3 0.70 0.89 0.77 - 0.95 7.64 21.16 

Side Bridge R 85.7 (21.7) 
 

84.8 (19.9) 85.2 (20.6) 24.2 0.73 0.80 0.59 - 0.91 9.45 26.19 

Biering-Sorensen Test 117.7 (36.2) 
 

115.0 (32.2) 
 

116.2 (33.9) 29.2 1.00 0.82 0.63 - 0.92 14.67 40.67 

LL Flexion 86.7 (76.3) 
 

93.5 (65.3) 
 

89.2 (70.4) 78.9 0.77 0.96 0.90 - 0.98 13.98 38.76 

LL Lateral Flexion L 39.6 (15.3) 
 

46.4 (16.2) 
 

42.8 (16.0) 37.4 
 

0.37 0.77 0.30 - 0.91 6.25 17.32 

LL Lateral Flexion R 44.2 (17.0) 
 

52.3 (16.5) 
 

48.0 (17.1) 35.6 
 

0.41 0.57 0.18 - 0.80 10.18 28.21 

 378 



 18 

Mean Isometric Strength values (Newtons) with standard deviations and ratios normalised to extension isometric strength.  379 
Mean Isometric Endurance values (secs) with standard deviations and ratios normalised to Biering-Sorenson test (trunk extension endurance) 380 
duration. 381 
 382 
T1= first testing session, T2 = second testing session, SD =Standard Deviation, L = Left,  R= Right, LL = Long-Lever, CV%- Coefficient of 383 
variation, ICC 2,1 = Intra Class Correlation Coefficient with two-way random effect model; SEM = Standard Error of Measurement; MDC = 384 
Minimum Detectable Change; N=Newtons; Sec = seconds 385 
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 386 

DISCUSSION 387 

The aim of the current study was to investigate the intra-rater reliability (relative and absolute) 388 

of field-tests for multi-directional isometric trunk strength and endurance. Good to excellent 389 

relative reliability was demonstrated for all HHD strength tests. Excellent relative reliability 390 

was found for all McGill protocol endurance tests. Moderate to excellent relative reliability 391 

was found for the long-lever tests. Most tests showed relatively low SEM values, indicating 392 

good absolute reliability and MDC values that would allow confidence in the use of these tests 393 

to detect true change in clinical practice. Thus, isometric flexion, extension and rotation 394 

strength tests and the Biering-Sorenson, side-bridge and long-lever tests can be considered 395 

reliable clinical tests of trunk function.  396 

 397 

Strength Tests 398 

Studies investigating intratester reliability of trunk strength using a HHD have consistently 399 

shown high relative reliability. De Blaiser et al. (6), when investigating athletes, showed ICC 400 

values of 0.9 and 0.93 for flexion and extension respectively, which are very similar to the 401 

present findings. Tarca et al., (39) assessed the intra-rater reliability of the HHD in trunk 402 

isometric flexion in a similar position (trunk at 25º flexion) with ICC results of findings of 403 

0.86, which again are similar to the present study. In contrast, Moreland et al. (29) found intra-404 

rater ICC values of 0.25 and 0.24 respectively for flexion and extension isometric strength 405 

using a HHD. The discrepancy in the results of this latter study may arise from measurements 406 

being taken by students who may have unfamiliar with HHD use and positional differences for 407 

extension.  408 

 409 
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The absolute reliability (SEM values) found in the present study for flexion and extension 410 

strength are similar to Althobaiti et al (1) (14.7N and 19.6N respectively) and De Blaiser et al 411 

(6) (17.7N and 14.4N respectively). In the present study, the SEM led to the calculation of an 412 

MDC of 52.4N and 38.8N for flexion and extension respectively. This allows the practitioner 413 

to know that increases over these values, for example following a program designed to enhance 414 

trunk strength, are likely to be due to real changes in force output rather than measurement 415 

error.  Indeed, isometric extension strength was seen to increase by 36N in a population of older 416 

adults after a 9-week trunk strength program compared to controls (15) which is similar to the 417 

extension strength MDC in this study. 418 

 419 

The technique to assess isometric trunk rotation strength was similar to Stevens et al (38) who 420 

found excellent reliability for all muscles tested using EMG. Oyama et al (32) investigated 421 

intersession reliability of trunk rotation strength in supine using a bar connected to a HHD. 422 

Their ICC findings of 0.80 are similar to the present study (0.83-0.84). SEM and MDC values 423 

of the rotation isometric strength in our study are higher than others (1), which may reflect 424 

differences in test position. Comparison of SEM and MDC to Oyama et al. (32) is difficult as 425 

they calculated strength normalised to the participants body weight.  426 

 427 

Numerous studies have investigated trunk isometric lateral flexion strength using an isokinetic 428 

machine or a bespoke dynamometer rig (9,13,36). Reliability of isometric lateral flexion 429 

strength using a HHD was assessed by Newman et al (30) in a seated position with the ICC 430 

values of 0.53-0.77, being similar to the present study results (0.70-0.74). The SEM and MDC 431 

values of lateral flexion (38-39.4N; 105.4-109.3N) in our study are quite high in comparison 432 

to measures of flexion (18.9N; 52.4N), rotation (20.6-21.5N; 57-59.7N), and extension (14N; 433 

38.8N). The above MDC values would mean that to have 95% confidence that a change that 434 
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occurred in lateral flexion strength is not due to chance, the difference in strength would have 435 

to be greater than 105N on retesting. This may be unattainably large therefore their use in 436 

clinical practice is questionable. 437 

 438 

The results of the present study show that mean peak flexion force (235.8N) was higher than 439 

that of extension (170.6N), which is at odds with other research showing that isometric (6,9) 440 

and isokinetic (21) extension forces outperform that of flexion. Although the same positions 441 

were used as De Blaiser et al (6) with the addition of the straps, trunk flexion values in our 442 

study far exceed theirs (241.5N vs 136.8 respectively), with our extension values being less 443 

than theirs (170.6N vs 195.2N). Possible explanations for this discrepancy may be strength 444 

differences inherent in this cohorts sport or the testing set up. For example, HHD placement 445 

for extension presented a challenge in some muscular participants, as large rhomboid and 446 

trapezius muscle bulk may have prevented optimal T4 bony contact. This may account for the 447 

lower extension values found and future studies with highly developed athletes may wish to 448 

consider scapula positioning in extension testing to ensure good HHD contact. However, this 449 

is also the first such study utilising this cohort and so it is unknown what trunk strength profiles 450 

are representative of this population. 451 

 452 

Endurance Tests 453 

The reliability of the isometric trunk endurance tests of the McGill protocol have been 454 

evaluated in multiple studies (12,25). The ICC results of the current study show excellent intra-455 

tester relative reliability for all 4 tests; Biering-Sørenson (0.82), V-Sit (0.87), side bridge left 456 

(0.89) and side bridge right (0.80). These are similar to the ICC values found by others  (44) 457 

(0.66-0.96), (31) (0.91-0.96) and (12) (0.81-0.95) respectively. All of these studies investigated 458 

the McGill protocol in non-athlete specific populations. Therefore, the results of the current 459 
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study demonstrate these tests are also reliable for athletic populations. The Biering-Sørenson 460 

test is the most studied test within the protocol. Latimer et al. (1999) investigated intertester 461 

reliability of the Biering-Sørenson test and found an ICC value of 0.83 for asymptomatic 462 

participants. Furthermore, the Biering-Sørenson test shows good absolute reliability with a 463 

SEM of 14secs in the present study. The SEM is the estimation of the variation around the true 464 

score when repeated measures are taken (47). Simmonds et al. (35) found a mean difference of 465 

29sec in Biering-Sørenson values between those with and without LBP. Thus, an SEM of 14 466 

secs should give practitioners confidence that they can accurately detect change in those with 467 

and without LBP. 468 

 469 

The long-lever endurance tests showed mixed reliability with the LL Flexion showing the best 470 

ICC (0.96), followed by left LL Lateral Flexion (0.77) and right LL Lateral Flexion (0.57). The 471 

discrepancy of the reliability in the left and right LL lateral flexion is interesting as they are the 472 

same test, simply on opposite sides. One explanation may be related to the fact that the right-473 

sided test was the last test performed in the whole testing battery. Retrospective analysis of the 474 

data has shown that when larger discrepancies were seen between the first and second LL lateral 475 

flexion right test results, there was a strong trend for the second (Day 2) score to being 476 

considerably higher. We hypothesise that this may reflect both a learning effect of the 477 

participants, combined with the knowledge that it was their last test being performed in the 478 

study and thus potentially motivating them to finish with a strong score.  479 

 480 

The long-lever tests were developed as both V-Sit and side bridge tests involve greater hip-481 

flexor and shoulder contributions respectively and are therefore not necessarily trunk specific 482 

(2,16). Furthermore, from our experience, the V-Sit appears to be notoriously easy for athletes 483 

to undertake as is highlighted by a high mean test score of over 4 minutes. By comparison the 484 
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LL flexion test biases the trunk with athletes anecdotally reporting the primary sensations of 485 

muscle fatigue being in the anterior abdominal muscles, as opposed to the hip flexors with the 486 

V-Sit. Further studies are needed to confirm this with electromyography. The mean score for 487 

LL flexion was 89.2 secs in this cohort compared to the V-Sit which was 245.7secs. Thus, the 488 

LL flexion test is better suited to clinical practice where time-constraints are usually present. 489 

Lastly, the absolute reliability of the LL flexion test is greater than the V-Sit with the SEM and 490 

MDC values (14 and 38.8 respectively) being much lower than the V-Sit (58.1 and 161.1sec 491 

respectively). When taken collectively we advocate the use of the LL flexion test over the V-492 

Sit for the evaluation of trunk flexion endurance in athletic populations. As the LL lateral 493 

flexion tests demonstrate moderate to excellent reliability and biases the lateral trunk muscles 494 

in the absence of upper limb support we would also advocate its use over the side-bridge.  495 

 496 

Strengths and Limitations 497 

There are several limitations of this study. It was decided to use a single familiarisation trial 498 

and omit a warm-up due to time constraints on the participants however we acknowledge that 499 

this may have impacted test values. Data were collected during both in-season and off-season 500 

phases, and we could not standardise the duration between matches and the day of testing which 501 

may have affected testing. This constraint reflects the pragmatic constraints of testing non-elite 502 

amateur athletes whose playing season is highly subject to change and the ecological validity 503 

where muscle-testing is performed at different time points in the season and during 504 

rehabilitation programs. Furthermore, we acknowledge that the generalisability of this study 505 

would be enhanced by diversification of the cohort in terms of participant sex and athletic 506 

ability. This should be a consideration for future studies. Although these tests are field-based 507 

they still require an examination table and so this may still preclude them from some settings. 508 

A significant strength is that this is the first time that multidirectional trunk strength and 509 
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endurance testing has been assessed in a field-athletic population by a single study. This allows 510 

for direct comparison between the different tests, thus allowing practitioners to integrate these 511 

tests as an entire comprehensive protocol into their own practice.  512 

 513 

CONCLUSIONS 514 

In conclusion, good to excellent relative reliability was found for all HHD strength tests (ICC 515 

= 0.70-0.91). Relative reliability for trunk endurance tests showed excellent results for the 516 

McGill protocol (ICC = 0.80-0.89) and moderate to excellent reliability for the long-lever 517 

tests (ICC = 0.57-0.96). By comparison, the V-Sit test and isometric lateral flexion strength 518 

test showed lower absolute reliability, with a higher standard error of measurement (SEM). 519 

Thus, we recommend that practitioners evaluate athlete isometric trunk function by using a 520 

HHD to assess flexion, extension and rotation trunk strength and the Biering-Sørenson, long-521 

lever lateral flexion and flexion tests to assess trunk endurance.522 
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