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ABSTRACT

Background: Hand-held dynamometry (HHD) offers a cost-effective and accessible method for measuring
maximal voluntary contraction (MVC) compared to larger fixed dynamometers. This study aimed to determine
if fixing the portable HHD device to a support anchor could improve intra- and inter-rater reliability across
different muscle groups. Methods: Twelve healthy adults (ages 18-34) participated in two sessions of
isometric MVC testing for ten muscle actions, conducted by two raters under both hand-held and anchored
conditions. Interrater and intra-rater reliability were evaluated using intraclass correlation coefficients (ICC).
Results: The anchored system demonstrated overall excellent interrater reliability (ICC = 0.935), while the
hand-held condition yielded good reliability (ICC = 0.895), falling just below the threshold for excellent. Both
methods showed overall excellent intra-rater reliability (HHD ICC = 0.933; Anchor ICC = 0.953). The
anchored system yielded excellent reliability for elbow extension & flexion, internal & external rotation of the
shoulder, plantarflexion, and neck extension, while moderate reliability was observed for knee assessments.
Conclusions: Results support the use of anchoring systems to enhance measurement consistency, especially
when using multiple raters. Anchored HHD systems may offer a more stable, repeatable method for muscle
strength evaluation, benefiting both muscle strength and muscle injury assessments and research protocols.
Keywords: Sport medicine, Muscle strength assessment, Hand-held dynamometry, Interrater reliability,
Anchored dynamometer, Maximal voluntary contraction, Isometric force.
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INTRODUCTION

Muscle strength serves as a key indicator of injury recovery progress, overall muscular function, and general
health status (Eriksrud & Bohannon, 2003; Byram et al., 2010; Hams et al., 2019; Bohannon, 2021). Muscular
strength testing can inform sports and rehabilitation professionals about a patient’s injury status and their
potential independence outside of the clinical space (Eriksrud & Bohannon, 2003; Byram et al., 2010; Hams
et al., 2019; Bohannon, 2021). Moreover, recent research has highlighted muscle strength as a potential
biomarker for all-cause mortality and cardiovascular disease, even when adjusting for potential confounds
(Garcia-Hermoso et al., 2018; Yusuf et al., 2020). This emphasizes the need of accurately assessing muscle
strength for athletes. These measures are typically obtained via maximal volitional contractions (MVC) which
assesses a muscle or muscle group’s maximal voluntary force generation capacity. Although many methods
exist for measuring an MVC, such as an isokinetic device or manual muscle testing, hand-held dynamometry
(HHD) provides an inexpensive and more accessible (Dollings et al., 2012) alternative for MVC
measurements due to its minimal setup, space requirements, and cost.

Previous research underscores the reliability of HHD as an effective tool for obtaining objective
measurements of muscular strength across various muscle groups (Johansson & Adolfsson, 2005; Whiteley
et al., 2012; Alnahdi et al., 2014; Fieseler et al., 2015; Holt et al., 2016; Conceicéo et al., 2018; Croteau et
al., 2021). However, HHD presents significant challenges that must be addressed to ensure more accurate
measurements, such as strength disparities between the rater and the subject and inconsistent placement of
the dynamometer (Wikholm & Bohannon, 1991; Bohannon et al., 2012; Thorborg et al., 2013). These factors
seem most prevalent and commonly reported when assessing muscles in the lower extremities. Early
research by Wikholm and Bohannon (1991) found that muscle groups producing greater isometric force (i.e.,
knee extensors) had greater variation in measurement compared to weaker muscle groups (i.e., shoulder
external rotators). The authors also reported that the magnitude of force measurements varied depending on
the strength of the rater or examiner.'® Thorborg and coworkers (2013) also found a significant between-
tester bias in measuring hip strength with HHD suggesting the stronger the subject, the larger the bias.
Grootswagers et al. (2022) found that HHD systematically overestimated leg extension and flexion force in
older adults compared to torque values obtained by an isokinetic device. Considering these confounds,
improving the reliability of HHD is a pressing need for all health professionals as it will increase their
confidence in the measures and improve their ability to assess musculoskeletal function and health.

Prior research has also examined externally supported dynamometers as a means to significantly enhance
HHD's reliability (Byrne et al., 2020). Recently, Lafayette Instruments has developed a Hand-Held
Dynamometer support stand (Model 1066), which anchors the Dynamometer (Model 01165), one of the most
widely used HHDs in skeletal muscle research. The anchor is structured so that the HHD is fixated to a metal
arm extending from the vertical base that is attached to a platform the tester can stand on. Two handles
extend from either side of the base, providing extra leverage for the tester during MVCs which decreases
strength bias between the tester and subject. The present research aims to observe the effects of utilizing
the support stand anchor on interrater and intra-rater reliability across multiple joints and muscle groups in
two separate sessions. The present study design incorporates test-retest assessments of ten distinct
isometric muscle actions: knee extension, knee flexion, elbow extension, elbow flexion, internal rotation of
the shoulder, external rotation of the shoulder, dorsiflexion, plantarflexion, neck extension, and neck flexion.
It was hypothesized that the use of the Model 01166 support stand would improve interrater and intra-rater
reliability across the ten muscle actions.
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METHODS

Subjects

The subject population for the present study was twelve adults (n = 12), ages 18-34. Subject characteristics
by sex are reported in Table 1. All participants within the study needed to satisfy the exclusion criteria: i)
individuals less than 18 or older than 34 years old, ii) history of significant body injury (e.g., ligament tears,
complete bone fracture, Grade Il musculotendon tears), iii) history of medical neurological, or
musculoskeletal impairments that could affect force measurements. Any potential subject who listed
exclusionary criteria was dismissed from participating in the study. Due to unforeseen scheduling issues,
Rater 2 did not collect Day 2 measurements for Subject 1; therefore, this timepoint was omitted from intra-
and inter-session analyses.

Table 1. Subject characteristics.

Males (n=7) Females (n = 5)
Age (y) 214 +40 194+1.3
Height (cm) 180.0+5.8 169.9+7.6
Mass (kg) 941+£25.0 79477
BMI (kg/ m?) 289+7.0 2715+13

Note. Values are means + SD. y, years. cm, centimeters. kg, Kilograms. m2, meters-squared.

Experimental design

Subjects reported to the testing area for the first session, during which they received an introduction and a
thorough explanation of the study. The current study was approved by the Institutional Review Board and
informed consent was obtained during this time. Additionally, a health history questionnaire was administered
to assess the eligibility of the participants for the study. Individuals were excluded if they were under 18 or
over 34 years of age, or had a history of significant injury (e.g., ligament tears, fractures, Grade IlI
musculotendinous tears) or medical, neurological, or musculoskeletal conditions affecting torque production.

Following introductory procedures, subjects warmed up for 5 minutes on an elliptical before beginning
strength assessments. After warming up, the participants prepared for the strength assessments scheduled
for that day. The subjects performed MVCs for each muscle action on a hand-held Dynamometer (Hand-held
Dynamometer Model 01165A; Lafayette Instruments, Lafayette, IN, USA) on two separate days within a
maximum of seven days (i.e., one week) in-between sessions. There was an average of 3.3 days in-between
sessions. Two raters recorded strength measurements under two conditions: one while holding the
dynamometer and the other while collecting measurements with the device fixated to the anchor (Model
01166; Lafayette Instruments, Lafayette, IN, USA). Rater 1 is male, and Rater 2 is female. Peak handgrip
force for each rater was taken in a series of three attempts with their dominant hand prior to the first subject's
data collection with a handgrip dynamometer (Smedley Digital Hand Dynamometer Model 12-0286; Baseline,
Fabrication Enterprises Inc, White Plains, NY, USA). Rater 1 had a peak handgrip strength of 58.4 kg and
Rater 2 had a peak handgrip strength of 36.6 kg. The raters were trained in hand-held strength testing
assessment for approximately 5-6 hours in total over the course of five sessions before data collection began.
During hand-held trials, raters were allowed to record the measurements however they were most
comfortable, helping minimize error, including using a chair or wall for support. The testing order was a
controlled variable and was performed in the order presented below. All assessments were completed on the
subject’s dominant leg and arm while sitting or lying on an athletic training or treatment table. Once all MVCs
for a muscle group and corresponding range of motion were complete on the first condition (i.e., Hand-held
vs. Anchored), the subject repeated the assessment under the second condition with the same rater before
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proceeding to the next muscle group. Once all measurements for all assessments were complete with the
first rater, the procedures were repeated with the second rater.

Maximal voluntary contraction strength assessments

The strength of ten different muscle actions was assessed on both testing days. The order of the strength
assessments was constant throughout each session and between each subject. During initial intake, subjects
provided their upper and lower body dominance (i.e., left-handed and right-footed or right-handed and right-
footed). Each strength assessment was performed on the subject’s dominant side for the upper and lower
extremities. The order of the two conditions (HHD and Anchor) was randomized for each subject; for example,
subject one could have performed anchored first, while subject two performed hand-held dynamometry first.
Before each MVC trial on both days, subjects completed a practice repetition to introduce the movement.
Subjects then performed two recorded MVCs for each condition (Hand-held and Anchored). The
dynamometer was tared before each attempt. Each MVC lasted four seconds. Subjects were instructed and
vocally encouraged to exert maximum force until told to stop at the end of the four seconds. There was a 90-
second rest period between each repetition. A digital clock would countdown periods of rest and effort for the
subject. If a mistrial occurred due to errors (i.e., movement of the base or rater during testing; deviation of
joint angle during test; force reading inconsistency; subject pain) the trial was redone after the subject rested
to ensure accurate measurement. Data from mistrials were excluded from analysis to maintain consistency
and reliability.

Knee extension

Subjects sat upright on the edge of the testing table with both hands resting on their thighs or the side of the
table, ensuring consistency in hand placement throughout the assessment. Using a hand-held goniometer
(EZ Read Jamar Goniometer, Sammons Preston), the rater positioned their dominant leg in 90° knee flexion
with both their hip and ankle joints at 90°. For both conditions, the rater positioned the dynamometer ~ 2 cm
above the talus bone on the anterior side of the dominant leg. During HHD attempts, the rater was positioned
in a chair against the wall, directly in front of the subject on the table. During anchored trials, the dynamometer
was attached to the arm of the anchor, placed adjacent to the dominant leg, and adjusted in height to account
for individual differences in anthropometrics. The rater supported the anchor by standing in a split stance and
braced to resist each contraction.

Knee flexion

Subjects sat upright on the edge of the testing table with their hands resting either on their thighs or the sides
of the table, ensuring consistency in hand placement throughout the assessment. The rater positioned the
dynamometer ~ 2 cm above the talus bone on the posterior side of the dominant leg. For HHD trials, the rater
satin front of the subject, resisting the subject pulling their leg. During anchored trials, the dynamometer was
attached to the arm of the anchor and placed behind the dominant leg. The rater supported the anchor in a
split stance and braced to resist each contraction.

Elbow flexion

Subjects sat upright on the edge of the testing table with their non-dominant hand resting on their thigh while
their dominant arm rested in 90° elbow flexion with the forearm in supination. The subject was instructed to
pin a hand towel against their ribcage on their dominant side using their upper arm to ensure that it stayed
fixated at their side during the assessment. The rater stood adjacent to the subject and rested the
dynamometer proximal to the radial styloid process on the subject's radial surface of their forearm. For the
HHD condition, the rater resisted the movement downward. During the anchor condition, the rater stood on
top of the anchor platform to prevent it from sliding or tipping over.
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Elbow extension

Subjects lay supine with their head near the end of the testing table. Their non-dominant hand rested at their
side, while the dominant arm was positioned in 90° shoulder flexion and 90° elbow flexion, with the forearm
in neutral supination. The rater stood adjacent to the subject and positioned the dynamometer proximally to
the ulnar styloid process on the ulnar surface of the forearm. For the HHD condition, the rater resisted the
movement downward. During the anchor condition, the rater stood on top of the anchor platform to prevent
it from sliding or tipping over.

Internal rotation of the shoulder

Subjects lay supine with their head near the end of the testing table. Their non-dominant hand gripped the
side of the table to prevent sliding, while the dominant arm was positioned at 45° of shoulder abduction and
90° of elbow flexion. The dynamometer was placed on the anterior forearm proximal to the ulnar styloid, with
the forearm in neutral supination. For the HHD condition, the rater resisted the movement by pulling against
the arm of the subject. During the anchor condition, the anchor was positioned adjacent to the dominant side,
and the rater stood on top of the anchor platform to prevent it from sliding or tipping over.

External rotation of the shoulder

Subjects lay supine with their head near the end of the testing table. Their non-dominant hand gripped the
side of the table to prevent sliding, while the dominant arm was positioned at 45° of shoulder abduction and
90° of elbow flexion. The dynamometer was placed on the posterior forearm proximal to the ulnar styloid,
with the forearm in neutral supination. For the HHD condition, the rater resisted the movement by pulling
against the arm of the subject. During the anchor condition, the anchor was positioned adjacent to the
dominant side, and the rater stood on top of the anchor platform to prevent it from sliding or tipping over.

Dorsiflexion

Subjects lay supine with their hips and knees extended and their ankle joint positioned at 90°. The
dynamometer was placed over the metatarsal heads on the dorsum of the dominant foot. In the HHD
condition, the rater was seated at the end of the testing table in a chair against the wall, with arms fully
extended to resist movement during measurements. During the anchor condition, the raters supported the
anchor in a split stance and braced to resist each contraction.

Plantarflexion

Subjects lay supine with their hips and knees extended and their ankle joint positioned at 90°. The
dynamometer was placed over the metatarsal heads on the plantar surface of the dominant foot. In the HHD
condition, the rater was seated at the end of the testing table in a chair against the wall, with arms fully
extended to resist movement during measurements. During the anchor condition, the raters supported the
anchor in a split stance and braced to resist each contraction.

Neck extension

Subjects lay prone on the testing table, with arms in a comfortable position by their sides and the head
hanging off the front edge of the table. The neck rested in a neutral hang position while the dynamometer
was placed on the back of the subject’s head (crown). For the HHD condition, the rater resisted the movement
downward. During the anchor condition, the rater stood on top of the anchor platform, which was positioned
in the same manner as the rater in the HHD condition, to prevent it from sliding or tipping over.

Neck flexion
Subjects lay supine on the testing table, with arms in a comfortable position by their sides and the head
resting near the edge of the table. For comfort, a bolster was placed under the posterior side of each subject’s
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neck. The dynamometer was placed on the subject’s forehead. For the HHD condition, the rater resisted the
movement downward. During the anchor condition, the rater stood on top of the anchor platform, which was
positioned in the same manner as the rater in the HHD condition, to prevent it from sliding or tipping over.

Data analysis and statistics

Test-retest data was analysed using the intraclass correlation coefficient (ICC) analysis. ICC serves as a
measure of repeatability that evaluates both the degree of correlation and agreement between
measurements (Koo & Li, 2016). ICC values below 0.5 are considered to have poor reliability, between 0.5
and 0.75 are considered moderate reliability, 0.75 and 0.9 are considered good reliability, and greater than
0.90 is considered excellent reliability based on a 95% confidence interval (Koo & Li, 2016). A Two-way
mixed model with absolute agreement was used to calculated interrater and intra-rater ICCs. Statistical
analysis was conducted using SPSS (IBM) Version 29 and Excel (Microsoft Office 2021).

RESULTS
Table 2. Mean isometric MVC force.

Muscle action  Rater HHD day 1 HHD day 2 Anchor day 1 Anchor day 2
1 4158 + 1034 404.3 £ 104.6 313.9+68.4 309.1 +58.7

KE 2 360.2+ 935 318.9+87.2 322.2+69.2 296.3 + 66.1
Total 388.0 + 100.5 363.5 + 104.1 318.0+67.4 303.0+61.2

1 179.63 +73.2 208.8 +57.8 109.6 + 34.8 128.2 +31.3

KF 2 211.0+75.3 226.8+78.5 139.8 +37.2 152.5 +46.1
Total 195.3 +74.4 2174 +67.5 124.7 £ 38,5 139.8 +40.1

1 2253+ 771 2152+ 773 236.6 + 82.6 214.8+75.0

EF 2 244.3 +89.1 249.8 +101.1 209.4 +65.3 228.4 +86.2
Total 234.8 +82.1 231.7 +89.1 223.0+ 741 221.3+79.0

1 167.3+79.5 171.7 £ 85.1 1719+ 76.4 166.1 +77.4

EE 2 182.3 +86.9 190.6 +£ 92.7 164.0 £ 54.4 170.5+74.0
Total 174.8 +81.8 180.7 + 87.3 168.0 + 65.0 168.2 + 74.1

1 168.5+70.2 163.8 £ 59.5 165.4 + 64.39 147.7 £ 53.4

IR 2 180.0 + 54.7 178.0+70.5 1515+ 445 148.5 + 58.1
Total 174.3+61.9 170.6 £ 63.9 158.5+54.9 148.0 + 54.4

1 143.8 +57.0 1419+ 458 131.7 £ 53.7 129.1+40.5

ER 2 144.4 +54.8 151.0+ 515 136 £51.9 1342 +525
Total 1441 +54.7 146.3 +47.7 133.8+51.7 131.5+456

1 195.6 + 63.8 197.7 £48.0 164.8 + 30.6 161.8 £ 30.6

DF 2 2149 +83.8 204.4 +68.7 1715+ 40.6 165.0 £ 27.8
Total 205.3+735 2009+ 575 168.2 + 35.4 163.3 +28.7

1 3473+ 684 3478 +82.8 336.8 +£83.3 334.0+73.2

PF 2 313.3+975 302.4 +102.9 315.8+62.3 3271+616
Total 330.3+84.2 326.0 +£93.7 326.3+72.8 330.7 £ 66.4

1 183.2 +88.9 170.8 £ 51.7 196.8 + 89.6 188.8 +67.9

NE 2 206.6 +74.3 199.6 + 85.8 2001 +714 188.8 +77.2
Total 194.9 +80.8 184.5 +69.8 198.5+79.1 188.8 +70.6

1 112.7 £ 45.5 1111+ 36.9 134.3 £53.2 135.0 £ 55.1

NF 2 145.1 £ 59.5 152.9 £ 64.7 124.3 £ 37.1 142.6 £ 52.7
Total 128.9 + 54.4 131.1 £ 55.1 129.3 £45.2 138.7 £52.9

Note. Mean force values (xSD) in Newtons for each muscle action measured by both raters across two testing days using hand-held
dynamometry (HHD) and anchored methods. KE = Knee Extension, KF = Knee Flexion, EF = Elbow Flexion, EE = Elbow Extension, IR
= Internal Rotation, ER = External Rotation, DF = Dorsiflexion, PF = Plantarflexion, NE = Neck Extension, NF = Neck Flexion.
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Reliability analysis
Force values for each muscle group, measured by both raters across both days using HHD and anchored
methods, are reported in Table 2.

The total interrater reliability for hand-held dynamometry (HHD) was good (ICC = 0.895, 95% CI = 0.864 —
0.919), while the anchored method showed excellent reliability (ICC = 0.935, 95% Cl = 0.915 — 0.950). Total
intra-rater reliability was excellent for HHD (ICC = 0.933, 95% CI = 0.913 - 0.949) and anchored (ICC =
0.953, 95% CI = 0.940 — 0.964). Interrater and intra-rater reliability, as measured by Intraclass Correlation
Coefficients (ICCs), are presented visually in Figures 1 and 2, respectively, for both HHD and anchored
conditions across all muscle actions tested. Interrater reliability with HHD ranged from moderate to excellent
(ICC = 0.613 to 0.925). Excellent reliability was observed for internal & external rotation of the shoulder as
well as elbow extension. Good reliability was observed for knee flexion, knee extension, elbow flexion, neck
extension, and neck flexion. Moderate reliability was observed for plantarflexion and dorsiflexion. With the
anchored method, interrater reliability ranged from moderate to excellent (ICC = 0.592 to 0.931). Excellent
reliability was observed for elbow extension, internal & external rotation of the shoulder, and neck extension.
Good reliability was observed for elbow flexion, plantar flexion, and neck flexion. Moderate reliability was
observed for knee extension, knee flexion, and dorsiflexion.

Hand-held Interratter Rel lablllty | = Excellent ® Good ~ Moderate O Poor

Neck Flexion, 0.890 [0.740 - 0.953]
Neck Extension , 0.853 [0.638 - 0.940]
~//Plantarflexion; 0.613'{0.086 - 0.836]
Dorsiflexion; 0.648 [0.169 < 0.859]
External Rotation, 0.925 [0.824 - 0.968]
Internal Rotation, 0.904 [0.774 - 0.959]
Elbow Flexion, 0.892 [0.746 - 0.954]

Elbow Extension, 0.905 [0.776 - 0.960]
Knee Extension, 0.816 [0.567 - 0.922]
Knee Flexion, 0.865 [0.682 - 0.943]

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ICC Value
Anchor Interrater Reliability [ = Excellent # Good » Moderate 0 Poor |

7 Knee Flexion; 0.722[0.345 - 0.882]
Knce Extension; 0:59210.039 < 0.827]

o
[}

03 04 05 0.6 0.7 038 09 1
ICC Value

Note. Intraclass Correlation Coefficients (ICCs) are shown for each muscle action test. The dashed lines represent thresholds for
poor (<0.5), moderate (0.5-0.75), good (0.75-0.9), and excellent (>0.9) reliability.

Figure 1. Interrater reliability of muscle strength measurements using (A) hand-held dynamometry (HHD) and
(B) anchored methods.
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Intra-rater ICCs ranged from moderate to excellent (0.761 to 0.973) for day-to-day reliability with HHD.
Excellent reliability was observed for elbow extension, elbow flexion, internal rotation of the shoulder, and
external rotation of the shoulder. Good reliability was observed for knee extension, dorsiflexion, plantar
flexion, neck extension, and neck flexion. Moderate reliability was observed for knee flexion. Intra-rater ICCs
ranged from poor to excellent (0.311 to 0.959) with the anchored method. Excellent reliability was observed
for elbow extension, elbow flexion, internal rotation of the shoulder, external rotation of the shoulder, plantar
flexion, and neck extension. Good reliability was observed for neck flexion. Moderate reliability was observed
for knee extension and dorsiflexion. Poor reliability was observed for knee flexion.

m Excellent mGoed -~ Moderate O Poor

Hand-held Intra-Rater Reliability

7 7 Knee Flesion, 0.761 [0.436 - 0.899)
Knee Extension, 0.814 [0.562 - 0.921]

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ICC Value

Anchor Intra-Rater Reliability | = Excellent 8 Good » Moderae U Poor |

Neck Flexion, 0.889 [0.739 - 0.953]
Plantarflexion, 0.908 [0.783 - 0.961]

/ Dorsiflesion, 0.744 [0.397 - 0.892]

External Rotation, 0.956 [0.895 - 0.981]

[ ] KneeFlexion, 0.311 [0 - 0.708]

Knee Extension, 0.717 [0.333 - 0.880]

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ICC Value

Note. Infraclass Correlation Coefficients (ICCs) are shown for each muscle action tested. The dashed lines represent thresholds
for poor (<0.5), moderate (0.5-0.75), good (0.75-0.9), and excellent (>0.9) reliability.

Figure 2. Intra-rater reliability of muscle strength measurements using (A) hand-held dynamometry (HHD)
and (B) anchored methods.

DISCUSSION

Both methods exhibited excellent intra-rater reliability (ICC > 0.9) across all muscle actions, supporting
previous findings that individual testers can obtain consistent results under controlled conditions (Whiteley et
al.,, 2012; Byrne et al., 2020). However, the anchored method demonstrated superior interrater reliability (ICC
= 0.935) than the hand-held dynamometer (HHD) method (ICC = 0.895). This finding coincides with prior
studies highlighting the importance of external fixation for consistent measurements (Aerts et al., 2025;
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Beshay et al., 2011). Itis worth noting that the hand-held approach also performed well, nearing the threshold
for excellent reliability (ICC > 0.9). For coaches, trainers, researchers, and clinicians, using an anchored
system could enhance confidence in muscle strength assessments, particularly in cases where multiple
testers are involved or when working with individuals capable of producing high force compared to the tester
(Wikholm & Bohannon, 1991; Bohannon et al., 2012; Thorborg et al., 2013).

Notably, elbow extension, internal rotation, and external rotation exhibited excellent interrater reliability (ICCs
> 0.9) with the anchored system, paralleling findings from Beshay and coauthors in 2011, which also saw
improvements in shoulder strength measurements with external fixation of a dynamometer. Using a stable
anchor minimized variability stemming from tester strength and positioning, a recurring limitation of HHD in
previous studies (Wikholm & Bohannon, 1991; Bohannon et al., 2012; Thorborg et al., 2013; Grootswagers
et al., 2022). Plantarflexion yielded moderate interrater reliability when using HHD (ICC = 0.613). Previous
research has shown a wide range of reliability across populations when assessing plantarflexion with
rankings from poor (Katoh & Yamasaki, 2009; Marmon et al., 2013) to moderate (Mentiplay et al., 2015) to
good (Mentiplay et al., 2015; Hartmann et al., 2009) to excellent (Hartmann et al., 2009; Davis et al., 2017).
Our current findings demonstrated that the anchored system improved reliability substantially (ICC = 0.825
interrater reliability, ICC = 0.908 intra-rater reliability), surpassing benchmarks established in previous
studies. The use of an anchored system in these settings could help prevent underestimating or
overestimating strength of the plantarflexor group, leading to better-targeted interventions for patients
recovering from injuries such as Achilles tendon ruptures or for athletes undergoing performance
assessments.

Anchored method also demonstrated notable improvements in reliability for neck strength measurements
compared to hand-held dynamometry. Neck extension achieved excellent ranking for both intrarater &
interrater reliability (ICC > 0.90) with the anchored method, compared to the good ranking from the hand-
held method (ICC < 0.90). The anchored system also had borderline excellent intra-rater and interrater
reliability (ICCs = 0.889) for the neck flexion assessment. These findings align with prior research assessing
the reliability of neck strength measurements with hand-held dynamometry (Shahidi et al., 2012; Cibulka et
al., 2017). By reducing variability through stabilization, the anchored system offers a clinically meaningful
advantage for evaluating neck strength, particularly in contexts such as cervical spine, assessment,
rehabilitation and ergonomics. The results overall emphasize the critical role of external stabilization in
gathering more reliable measurements of force production, especially from stronger muscle groups where
confounds from raters can have a more significant influence on results.

Knee flexion and extension presented many challenges in the anchored condition. Interrater reliability in this
condition ranged from moderate to good (ICC = 0.625 for knee flexion, ICC = 0.711 for knee extension).
These results contradict the higher reliability found in studies like Kelln et al. (2008), where standardized
positioning and belt stabilization improved measurements. We believe part of these findings stem from the
testing environment which had tiled floors which reduced friction and caused a higher prevalence of mistrials
and additional repetitions through movement of the stand. Additionally, we made the choice to test both knee
extension and flexion at a 90° knee joint angle to prioritize efficiency of transition between knee extension
and knee flexion. This decision may have compromised reliability by putting the hamstring group (i.e., knee
flexors) in a shortened position when the knee joint angle is at 90° of flexion. This limitation is established in
the length-tension relationship of skeletal muscle fibres were less isometric tension will be produced by fibres
in a shortened position (Gordon et al., 1966). Addressing these limitations by using non-slip surfaces for
testing and optimizing anchor placement or testing angles could improve reliability further, giving clinicians
more confidence in their assessments and enabling personalized rehabilitation programs.
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Limitations

The small sample size (n = 12) may limit the generalizability of the findings, especially among diverse
populations. Additionally, the testing environment and protocol constraints may have introduced variability.
Mistrials were more common when high force was being applied in the sagittal plane (e.g., knee extension)
likely due to a lack of friction between the metal base of the anchor and the tile flooring. A different surface
could likely limit eliminate anchor movement during trials. Future research should evaluate larger cohorts and
incorporate standardized environmental conditions.

CONCLUSION

Overall, this study demonstrates the potential reliability improvements achievable with an anchored
dynamometer system compared to hand-held methods, highlighting key improvements to recording maximal
volitional contractions for muscle force production. The findings positively contribute to previous research,
underscoring the cruciality of stabilization in achieving consistent and accurate strength assessments,
especially in larger or stronger muscle groups capable of producing greater force. Using a stable anchor as
an attachment point for HHDs can minimize variability resulting from disparities between tester strength,
positioning, and possibly training. Notably, these findings emphasize the use of an anchored system for
performance, clinical and research applications, especially concerning robust upper limb and complex lower
limb muscle actions. A more reliable method for assessing muscle strength can give professionals and
researchers from various fields greater confidence in their ability to develop valid procedures. Additionally,
this approach may reduce the time needed to conduct these assessments, potentially decreasing the number
of errors caused by individual differences among testers. Continued exploration of methodological
refinements will further enhance its utility and reliability, possibly through addressing some of the limitations.
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