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Abstract

Background/Objectives: Muscle strength is a vital indicator of the development and
health-related fitness in children and adolescents, and it also plays a crucial role in clinical
assessments across pediatric rehabilitation. The aim of this review was to evaluate the
available literature on handheld dynamometry (HHD) assessments of the overall muscle
strength in the pediatric population, focusing on measurement protocols, validity and relia-
bility, and the availability of reference and normative data. Methods: Following PRISMA
2020 guidelines, a systematic review was conducted across PubMed, Scopus, Cochrane
CENTRAL, CINAHL, and Web of Science. The protocol was registered in PROSPERO
(CRD42024537557). Eligible studies (2005-2023) included healthy participants under the
age of 18 reporting on isometric muscle strength using HHDs. Studies reporting handgrip
strength or alternative methods (e.g., isokinetic and 1RM) of assessment were excluded.
Due to the heterogeneity of the studies, the JBI and COSMIN risk of bias checklists were
used to assess risk of bias. A narrative synthesis approach was used to summarize the
findings. Results: Twelve studies were included, with a total of 1683 participants aged
4-17 years (764 girls and 919 boys). Test re-test reliability and low measurement error
were established in measuring the toe strength, while the concurrent validity of lower limb
torque was determined as poor. Conclusions: When standardized protocols and fixed stabi-
lization are implemented, studies confirm good intra- and inter-rater reliability. Substantial
heterogeneity in measurement protocols highlights the need for standardized procedures.
It is essential to establish normative or reference values by age and sex to enhance clinical
decision making and the utility of HHDs in pediatric overall strength assessments.

Keywords: children; adolescents; muscle strength; handheld dynamometry

1. Introduction

Muscle strength, defined as the maximum force generated by a muscle or group of
muscles, constitutes a pivotal element of health-related physical fitness in youth [1]. Evi-
dence shows that children and adolescents with reduced overall muscle strength are at an
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increased risk of developing health issues [2,3]. Assessment of muscle strength plays a fun-
damental role in monitoring growth, physical development, and functional performance in
children and adolescents. Accurate quantification of muscle strength is essential for clinical
evaluation, rehabilitation planning, and sports participation monitoring, particularly for
conditions such as neuromuscular disorders, obesity, and sedentary behavior [2,4,5].

Traditionally, clinicians and physical therapists have assessed muscle strength through
manual muscle testing [6]. However, this approach is subjective and limited in accuracy.
Isometric strength testing utilizing handheld dynamometers (HHDs) provides a more
accurate and reliable alternative to manual muscle testing [7]. HHDs have become widely
used in both research and clinical practice because they are portable, cost-effective, and
feasible for use in diverse populations, including children [8,9]. Compared with isokinetic
dynamometry—the gold standard—HHDs are more practical, although less standardized,
as isokinetic devices require specialized equipment, space, and expertise [10,11].

Meanwhile, handgrip strength (HGS) has been the subject of extensive assessment
and investigation in scientific literature. It is proposed to constitute a viable biomarker
of healthy aging and a powerful predictor of future morbidity from youth to elderly
populations [12-14]. Whilst the HGS dynamometer is a feasible, reliable, and highly acces-
sible tool, it is often reported that there is a lack of comprehensive analysis when muscle
mass or power data from the lower extremity or other muscle groups are not collected [15].

Muscle specific data are required in clinical evaluation and intervention strategies, in
children and adolescents in sports specification, in various disorders, or in situations such
as sedentary behavior and obesity [16]. Normative data obtained from typically developing
children can be used as references from physiotherapists to detect muscle weaknesses or
to determine the progress and the effectiveness of a chosen intervention. Two related,
but distinct, terms are often used in the literature: normative data and reference values.
Normative data describe the standard performance derived from large, representative
populations, typically stratified by age and sex. Reference values, on the other hand,
are obtained from well-defined samples under controlled conditions and allow for the
interpretation of individual test results in clinical practice [17,18]. Despite their importance,
existing studies often use these terms interchangeably, leading to ambiguity, and the lack
of clarity and uniformity in applying these definitions contributes to further challenges in
synthesizing existing evidence.

To our knowledge, no systematic review has comprehensively summarized the ev-
idence on the use of HHDs in children and adolescents. Therefore, the objective of this
review was to evaluate the available literature on HHD assessments of muscle strength
in the pediatric population, focusing on measurement protocols, validity and reliability;,
and the availability of reference and normative data. Establishing standardized methods
and values is essential for identifying strength impairments and guiding interventions in
clinical and sports settings.

2. Materials and Methods
2.1. Study Design

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Review (PRISMA 2020) guidelines (Supplementary File S1) [19]. The
protocol was prospectively registered in PROSPERO (International Prospective Register of
Systematic Reviews) (registration number: CRD42024537557).

2.2. Study Selection Process

Following the exclusion of duplicates, two reviewers (EK and GP) independently
screened the titles and abstracts of the studies in the finalized search list. The reviewers
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conducted full-text screening of the remaining relevant papers to determine their eligi-
bility according to the review criteria. Articles that failed to meet the eligibility criteria
were excluded.

2.3. Study Eligibility
Inclusion Criteria

In our review, we included observational and interventional studies that were pub-
lished in English in peer-reviewed journals. Studies were eligible for inclusion in the review
if the data (or part of the presented data) concerned muscle strength being measured using
HHDs in children and adolescents (under 18 years old).

2.4. Exclusion Criteria

Studies were excluded if they were published in a language other than English, or if
the mean age of the participants was greater than 17.99 years. Studies that measured HGS,
as well as those that implemented alternative methods of measuring strength (such as the
one repetition maximum (1RM) method, functional tests, or isokinetic dynamometers),
were excluded. Studies on clinical populations with specific disorders were also excluded,
unless data for healthy participants were separately reported.

2.5. Search Strategy

A comprehensive electronic literature search was conducted across five electronic
databases to identify pertinent studies: PubMed, Scopus, Cochrane CENTRAL, CINAHL,
and Web of Science (Supplementary File S2). The studies relevant for inclusion were
searched from January 2005 up to December 2023 to ensure the most up-to-date evidence.
Each database search utilized the same keywords to identify the specific field of interest:
‘children” OR “adolescents” AND ‘handheld’” OR ‘dynamometry” OR ‘muscle strength” OR
‘data’. The terms ‘students’, youth’, schoolchildren’, ‘maximum voluntary muscle contrac-
tion’, and ‘muscle strength values” were also used as specific key words. Only articles
that were relevant and written in English were included in the final list of the systematic
review. Papers that met the search criteria were exported to Mendeley Reference Manager
for reference management. Duplicate records were initially identified and removed au-
tomatically by the software based on matching titles, authors, and publication details. A
subsequent manual review was then performed to ensure that any remaining duplicates
were eliminated before proceeding to the screening phase.

2.6. Data Extraction

Data extraction (Table 1) was conducted on the selected studies, encompassing the fol-
lowing domains: (1) study design and setting (first author, year of publication, and country);
(2) participants and characteristics (sample size, sex, and age); (3) testing procedures and
device characteristics (type of instrument, best effort recording, mode of contraction, stabi-
lization method, and number of trials); (4) muscle groups assessed and testing positions;
and (5) outcomes reported (reliability, validity, and reference/normative values).
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Table 1. Data extraction grid.

Data Extracted

Authors
Year
Country
Sample
Age
Sex
Number of participants
HHD model
Measurement units
HHD maximal capacity (N, Ib, kg)
Mode (compression/traction)
Contraction type
Instructions
Protocol reproducibility (positioning for measurement)
HHD placement
Muscle groups tested
Results
Limits reported
Other

2.7. Risk of Bias (Quality) Assessment

Given the heterogeneity of study designs, three different tools were used to evaluate
the risk of bias assessment. (Tables 2—4) Specifically, the Joanna Briggs Institute Critical
Appraisal tools [20] in the JBI Systematic Checklist for Analytical Cross Sectional Studies
was used to determine the methodological consistency of eight of the selected articles. The
JBI critical appraisal checklist for cohort studies was used for one of the studies included,
and the COSMIN risk of bias [21] checklist (Boxes 6 and 8) was used for three of the
studies in this systematic review. The purpose of using the JBI checklist for Analytical
Cross Sectional Studies was to evaluate the methodological quality of a study and to
ascertain the presence of any potential bias in its design, execution, and analysis. It
consists of a total of eight items, where reviewers assess compliance with the checklist
with the following answers: YES, NO, UNCLEAR, and NOT APPLICABLE. Similarly, the
JBI checklist for cohort studies consists of eleven items that help examine the selection
bias, exposure measurement, outcome measurement, confounding factors, follow-up, and
statistical analysis. The COSMIN risk of bias tool assesses reliability and validity. The
overall score is determined by taking the lowest rating of any standard in the box. Two
independent reviewers (EK and PG) conducted the quality appraisal individually. More
than half of the stipulated checklist items were met. Any discrepancies were resolved
via consultation with a third reviewer (VA). In instances where studies failed to meet the
majority of the stipulated checklist items or where the information provided lacked the
necessary specificity, they were excluded from the study.

Table 2. The risk of bias, as per the JBI Critical appraisal for Cohort Studies.

JBI Cohort

1 2 3 4 5 6 7 8 9 10 11

Hebert et al., 2011 [22]

Yes Yes Yes Yes Unclear No Yes Yes Yes Yes Yes




J. Clin. Med. 2025, 14, 8454 50f16
Table 3. The risk of bias, as per the JBI Critical appraisal for Cross Sectional Studies.
JBI
. 1 2 3 4 5 6 7 8
Cross Sectional
Macfarlane et al., 2008 [23] Yes Yes Yes Yes Yes No Yes Yes
Hebert et al., 2015 [5] Yes Yes Yes Yes Yes Unclear Yes Yes
Escobar et al., 2017 [24] Yes Yes Yes Yes Yes Yes Yes Yes
Daloia et al., 2018 [4] Yes Yes Yes Yes Unclear Unclear Yes Yes
Peek et al., 2018 [25] Yes Yes Yes Yes Unclear Unclear Yes Yes
Alhusaini et al., 2019 [26] Yes Yes Yes Yes Unclear Unclear Yes Yes
Sarcevié et al., 2019 [27] Yes Yes Yes No Yes Unclear Yes Yes
Mendez-Rebolledo et al.
! Yes Yes Yes Yes Yes Unclear Yes Yes
2022 [7]
Table 4. The risk of bias, as per the COSMIN risk of bias tool.
COSMIN
Risk of Bias c V\ée_l;§ the;l:est_l
Were Patients Stable in on lfmrnti tmitar For Continuous Scores: Was an Were There Any Other Overall
the Interim Period on the Was the Time Interval Meas?uenfents’ Intraclass Correlation Important Flaws in the Design Metl‘(oedaolo
Construct to be Appropriate? : Coefficient or Statistical N 08"
Box 6 ? PPIoP Esg, Type (ICO) Calculated? Methods of the Study? ical Quality
Reliability Measured? of Administration, alculated: ethods of the Study?
Environment,
Instructions
I;%Czl; ?tzgi" Adequate Very good Very good Very good Very good Adequate
Quzig%zirizeg]alq Very good Very good Very good Very good Very Good Very good
Box 8 Criterion Validity Statistical methods Other Overall methodological
quality
Mahafey et al., 2022 [30] Very good Very good Very good

2.8. Data Synthesis and Grouping

Documentation of the data from each study, with the objective of collating information
regarding the variables of the data extraction grid (Table 1), was conducted using Microsoft
Excel spreadsheets. Data extraction and management from the included studies were
conducted in accordance with the PRISMA recommendations 2020 expanded checklist [19].
The following information was extracted from each study: authors; year of publication;
country or region; number of participants; sex; age (or reported age groups per year);
type of dynamometer and force recorded; testing procedures; type of muscle contraction
and sides tested; muscle groups evaluated and assessment position; and—finally—each
study’s objective.

To synthesize the findings, studies were grouped primarily by the muscle groups
assessed (upper limb, lower limb, or both) and secondarily based on the stabilization
technique applied (fixed versus tester-involved dynamometry). This approach allowed for
a structured comparison of measurement protocols and outcomes across studies.

3. Results
3.1. Study Selection

Figure 1 presents the study selection process. A total of 165 records were identified
from the different databases, and 25 duplicates were removed. Of the 140 titles and abstracts
screened, 105 were excluded due to ineligible content. Finally, 35 reports were identified
for full-text retrieval and then screened for eligibility criteria. A total of twenty-three
(23) full-text articles were excluded with justification (reasons included: use of functional
strength tests [n = 7], HGS-only assessments [# = 10], isokinetic dynamometry [n = 4], and
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non-extractable data [n = 2]). Ultimately, 12 articles met the inclusion criteria and were
included in this review (Table 5).

[ Identification of studies via databases and registers ]

——

:?I Persrds Seniitad et Records removed before screening:

© i y -

ﬁ Databases (n = 4) Duplicate records removed (n =25)

‘g Registers (n = 161) Records marked as ineligible by

= automation tools (n=0)
— l Records removed for other reasons (n=0)
—

Records screened

(n=140) » | Records excluded (n=105)

|

0 Reports  sought for
§ ——p | Reports not retrieved (n=0)
wn

retrieval (n =35)

i

Reports excluded:
Reports assessed Strength measured with functional tests (n=7)
—_—>
for eligibility (n = 35) HGS focused studies (n=10)
Studies using isokinetic dynamometer (n = 4) etc.
l Study examining survivors of musculoskeletal
o sarcoma (n=1)
@ - - ’
E RANIES EOEESE I Sesien Follow-up study with not enough data to extract (n
5 (n=12) -1)
—/

Figure 1. PRISMA flow diagram.
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Table 5. Study characteristics.

Type of Muscle 1
Authors Country/Region Participants Age (Mean =+ SD) Type of Dynamometer and Testing Procedures Contraction and Sides Muscle Groups and Assessment Study Objective
Measurement Unit Tested Position
Mode: Compression Hip ABD/ADD: Supine
_ MicroFET2 [Hoggan Test trials: 3 . . . p o P . Establishing muscle
Macfarlane et al., o No: 154 Pooled for age, Scientific, LLC, Salt Lake Total test duration: Contraction type: Hip ﬂexors /extensors: Sldelying force and torque
2008 [23] Michigan, USA F=90 6-8 age oroUDS City, UT, USA] 25-30 min Make test [Hips and knees flexed at 45°] P luos f
M=o ey e ety e Koo e
. Stabilization: No extensors: Seated Y
[1] Lafayette Instrument, Mode: Compression and .
Model 01163 [Lafayette Distraction for lower limb . Shoulder ABD: Sque [1]
Instrument Company, muscles Contraction type: Shoulder LR: Supine [1]
No =74 107 +4 Lafayette, IN, USA] and [2] Test trials: 2 Make test Elbow flexors/extensors: Supine [1] Feasibility, intra- and
Hebertetal, Québec, Canada FO,_37 [4-17 & vears old FCE-500 Ametek TCI Total test duration: 45min, ~ Isometric [Bilateral for Hip flexors/extensors: Supine [2] interrater reliability,
2011 [22] ’ M=37 9 age y roups] Division [C.S.C. Force 4 sessions, 5-14 days apart ~ older participants and Hip ABD: Supine [1] SEMS, concurrent
gesroup Measurement, Inc., _ Evaluators: 2 randomly selected one Knee flexors/extensors: Seated [1] validity statistics
Agawam, MA, USA] Stabilization: Yes for knee sided test for ages 4-8.5] Ankle plantar flexors/ dorsiflexors:
Force: N, extensors, No for the rest Supine [1]
Torque: Nm of muscle groups
Mode: Compression and
Distraction for hip flexors
and extensors only Contraction type: Shoulder ABD and ER: Supine Reference values
FCE-500 Ametek TCI Test trials: 3 Make test Elbow flexors/extensors: Supi establishment
_ P : : Supine -
Hebert et al., ) No_— 348 Pooled for age, Division [C.S.C. Force Total test duration: Not Isometric [Bilateral for Hip flexors/extensors: Supine Comparison of torque
2015 [5] North America F=174 4-17 age groups Measurement, Inc,, disclosed older participants and Hip ABD: Supi between absolute
- M=174 ge group Agawam, MA, USA] Evaluator: 6 (2 Per school) d p 1 f d 1p soupine and reference values
Torque: Nm Stabilization: Yes, for hip an dom };se ected one Kneelillexors/_%xtensc.)rs: Seated Comparison of muscle
flexors and extensors, not ~ S.9° test for ages 4-8.5] Ankle dorsiflexors: Supine strength profiles
for the rest of muscle
groups
. Shoulder flexors/ ABD: Seated
Lafayette Instrument, MO?EZt(t:(?Hllpr;S;lOn Elbow flexors/extensors: Supine
No =400 Model 01163 [Lafayette esttrials: 5- Contraction type: Wrist flexors/ extensors: Supine
Es;glla?xizei]al., Chile F=213 61i({gl§def0;§§e,s Instrument Company, Total test d;riér‘ltlon' 3040 Break test Hip flexors/ABD: Supine Mus;l;:?;f;féﬂ:;lues
M=187 gegroup Lafayette, IN, USA] Evaluators: 3 Isometric [Bilateral] Knee extensors: Seated
Force: N Stabilization: No Ankle plantar flexors/dorsiflexors:
’ Supine
Lafayette Instrument Mode: Compression Contraction tve: Not Shoulder ABD: Supine Dciescrilption Oft t}}e
. No =110 [Lafayette Instrument Test trials: 3 oniraction type: o Elbow flexors/extensors: Supine Jeveopment o
Daiola et al., Sao Paulo, Brazil F=55 Pooled for age, Company, Lafayette, IN Total test duration: Not disclosed [Push Knee fl. Jext - Seated isometric muscle
2018 [4] 4 M=55 5-15 age groups pany, yette, TN disclosed command] A l?lee lexors ﬂex enscgs. %a ed strength and the
F(IJIES]N Evaluators: 2 Isometric [Bilateral] nikiep antarstf;ionres/ OrSitiexors: evaluation of inter and
: Stabilization: No intra-rater reliability
Mode: Not disclosed oAt
GS Gagherler and GS [Assumed Distraction] c In\i%sl’\t/l[gca;igg of
nalysis Test trials: 2 ontraction type: .
Peek et al., . No =142 Pooled for age, . ® L Knee flexors/extensors: Prone characteristics of the
2018 [25] Australia M=142 8-15 age groups Suite® [Gatherer Systems Total test Duration: Break test [Hamstring/quadriceps ratio] hamstrings and

Limited, Aylesbury, UK]
Force:

20-30 min
Evaluators: 1
Stabilization: Yes

Isometric [Bilateral]

quadriceps in youth
football players
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Table 5. Cont.

Type of Muscle
Authors Country/Region Participants Age (Mean + SD) Typ;/;)jalsjlﬁléi‘nég:tnﬁi:irtand Testing Procedures Contrac%:;:ea‘ild Sides Muscle Grotll’];;zir:)(:lAssessment Study Objective
Lafayette Instrument, MOdg fi)r_nlfre;sion Relationship between
i _ Model 01165 [Lafayette estras: o Contraction type: BMI scores, LQYBT
Alhz%slaglr[lég]t al, Riyadh, Saudi Arabia T/f):_Ssll 1417 £0.71 Instrument Company, Total testiillg:etgm' Not Make test Knee flexors/extensors: Seated performance, and the
Lafayette, IN, USA] Evaluators: Not disclosed Isometric [Bilateral] lower-limb strength of
Force: N Stabilization: No schoolchildren
DMN Lower trapezius: Prone
Mode: A d row position.
ode: Assume: DMN Serratus anteri d
JTECH Commander Compression Contracti de: tra eerzri?ls.ssaer;tizllcirzggl SLégper Correlation study
Sardevic et al No =63 PowerTrack Muscle Test trials: 3 * OIST rtac‘i?lo? m(zi e P Sh '1 der flexi between
arz%el\;lfze;]a v Novi Sad, Serbia F=32 12.73 £1.58 Dynamometer [JTECH Total test duration: Not Is omet;’i A [ﬁlceges ?Nas o Hi OE\BE{. S?lXIi(;lne maximum isometric
M=31 Medical, Midvale, UT, USA] disclosed side-testing disclosure.] Hip extensign' Pro'ne xl/?zith the knee strength in five muscle
Force: N Evaluators: 1 ’ : o groups
Stabilization: Yes flexed to 90
Erector spinae: on hands and knees
bent at 90°
[ 67813 e:srls. }j dl Lafayette Instrument, MOd;: (E:)rp?re;sion Contraction type: Reliability of the use of
- — est trials: :
Rocketal., . NO: 23 10.16 +£0.71 Model 01165 [Lafayette Total test duration: Not Not disclosed Knee extensors: seated 90° and 35°; HHDs and
Baltimore, MD, USA F=13 Instrument Company, . ultrasonography to
2021 [28] G M=10 [9-11 years old] Lafavette. IN. USAT disclosed Isometric [Dominant supine 90° and 35° o dri
[121414;4 + 2.011d] a ay}eiofc/e' N | StEg%.luatt.ors: 11\1 lower extremity] eas‘i;ieﬁhrlceps
—17 years o : abilization: No
Mode: Compression
Lafayette Instrument, Test trials: 2 ;
: Contraction type: s
. No=14 Model 01163 [Lafayette Total test duration: Not - . Test-retest reliability of
Q11216121e11r[12e$]a1‘, Australia F=8 11.254+0.38 Instrument Company, disclosed [2 sessions, 7-14 I Nott dl[s]glosgd " Tﬁi pﬁantar él(ixors. ste ate]d anovel fixed HHD
M=6 Lafayette, N, USA] days apart] some rlfc0 Ot]t)mman allux and Lesser toes protocol
Force: N Evaluators: 1
Stabilization: Yes
Mode: Assumed C tvalidity of
Compression : o . oncurrent validity o:
No—é1 V\[l‘e;vganer FolrceOne FDIX TestI:rials: 9 Contraction type: Hip flexion: .Su‘pme ) lower limb torque from
= gner Instruments, PG Hip ADD/ABD: Sidelying
Mabhafey etal., United Kingdom F=28 9.20 + 0.98 c ich. CT. USA Total test duration: approx. Make test Knee fl / .5 d HHDs compared to
2022130] 8 M=33 : : reenwich, CT, ] 15 min Isometric [dominant Anpiee flexors ﬂe"tens/‘gs' eatec . lsokinetic dynamometry
orce: Evaluators: 2 lower extremity] nkle plantar fiexors/ dorsitlexors: in children aged
Torque: Nm Stabilization: Yes, on the Y Prone 70-11 years old
contralateral leg rtortlyearso
Lafayette Instrument, X .
Mendez No =243 I\I/Iodel 01165C[Lafayette MOd;e'sgi)ﬁn;If Sr_e; sion Contraction type: Shoulder ABD/flexors/LR /MR: igji;eertrrrilgztrrfr:gteh
- . = Pooled for age, nstrument Company, 159 X Make test Seated ! N
Rebgggzd%?t al, Chile I\Ij[_: 111249 7-15 age groups Lafayette, N, USA] Total t%st dlurattlor}.léo min Tsometric [Dominant Elbow flexors/extensors: Supine profile of the upper limb
Force: N; N/Kg (Body Stabilization: No upper extremity] Waistfloxors/extensors: Supine TSR of S fenand

mass)

* Authors refer to the three correct trials being used in data analysis

listed at the end of the manuscript.

. They do not disclose if any participants needed extra attempts to correctly complete the tests. Abbreviations are
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3.2. Study Characteristics

The included studies comprised a total of 1683 participants aged 4-17 years (764 girls
and 919 boys). Sample sizes ranged from 14-to-400 participants. Two studies included only
male participants [25,26].

We identified six different HHD devices used to assess muscle strength: MicroFET2
(Hoggan Scientific, LLC, Salt Lake City, UT, USA); Lafayette Instrument Models 01163 and
01165 (Lafayette Instrument Company, Lafayette, IN, USA); FCE-500 Ametek TCI Division
(C.S.C. Force Measurement, Inc., Agawam, MA, USA); GS Gatherer and GS Analysis Suite®
(Gatherer Systems Limited, Aylesbury, UK); Wagner ForceOne FDIX (Wagner Instruments,
Greenwich, CT, USA) ; and JTECH Commander PowerTrack Muscle Dynamometer (JTECH
Medical, Midvale, UT, USA). Reported outcomes included the maximal isometric force or
torque, expressed in Newtons (N), Newton-meters (Nm), kilograms (kg), or pounds (Ib).
Some studies normalized force values to body mass, while others reported the raw force or
torque values.

Of the 12 studies included, 4 used external stabilization with fixations on the dy-
namometer, so the evaluator was not physically involved in the application of force. One
study [30] used stabilization over the contralateral leg and torso if needed. One of the
four studies [5], however, used stabilization of the dynamometer for the muscle groups of
hip flexors and extensors and not for the rest of the muscle groups. More specifically, the
examiner used a nonelastic strap to create resistance in a pulling direction. This prevented
the nonisometric muscle contraction that may be caused by particularly strong muscle
groups. The mode of the HHDs was set to compression in most of the studies, and only
Hebert et al. (2015) [5] disclosed on using the distraction as referred to above. In one of
the studies, the testing figure suggested that the distraction mode was most likely used,
as the strap was shown secured to a wall surface while the participant, positioned prone
on a treatment table, exerted force by pulling against it during knee flexion [25]. Similar
to the study of Sarcevic et al. (2020) [27], the mode was assumed to be compression from
the photos reported. All 12 studies had one-to-three examiners/evaluators except for one
study, which had six in total (two for each school included), and another study (whose
exact number of examiners was not reported).

3.3. Risk of Bias Assessment

Most cross-sectional studies scored positively on the JBI checklist, with occasional
unclear reporting regarding confounding factors and statistical methods. The cohort
study [23] was judged to be of moderate quality, mainly due to the limited reporting
for follow-ups. Additionally, the three studies assessed with the COSMIN reliability
tool [28-30] demonstrated adequate-to-very-good methodological quality.

3.4. Muscle Groups

There was variability in the studies included regarding the muscle group that was
tested. One study focused solely on identifying the muscle strength profile of upper limbs
in children and adolescents [7]. Five studies examined lower limb strength, specifically
targeting the knee flexors and extensors [25,26], the knee extensors from different test-
ing positions (seated and supine) [28], the toe plantar flexors [29], and total lower limb
strength [30] (including hip flexion, adduction (ADD), abduction (ABD), knee flexion and
extension, and ankle plantar flexion and dorsiflexion). The following six of the twelve
studies evaluated both the upper and lower limb strength, including ABD, ADD flexors
and extensors of the hip, and flexors and extensors of the elbow and wrist, as well as ankle
plantar flexors and dorsiflexors [4,5,22-24,27]. In the study conducted by Sar¢evi¢ et al.
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(2020) [27] the lower trapezius, serratus anterior, and erector spinae muscles were included
in the analysis.

3.5. Summary of Evidence on Measurement Properties

This systematic review included a cohort study [23], where the concurrent valid-
ity of the HHD protocol with the Cybex dynamometer was verified. In the same study,
the maximal isometric torque values demonstrated acceptable intra- and inter-rater re-
liability, whereas the ankle dorsiflexors showed poor intra- and inter-rater reliability.
Test-retest reliability and a low measurement error were also established [29] [hallux
[ICC (3,3) = 0.93,95% CI10.78-0.98, SEM = 4.31 N]. In addition, the lesser toe flexor strength
[ICC (3,3) = 0.96, 95% CI1 0.87-0.99, SEM = 1.86 N] in measuring the toe strength in children
using a novel fixed dynamometer [29] and Rock et al. (2021) [28] suggest that HHDs are
a reliable tool (TEM = 2.38 Nm, CV% = 7.07-994% for all three trials and TEM = 161 Nm,
CV% = 4.49-5.61% for the two best efforts) for measuring quadriceps strength, especially
when two of the best out of the three attempts are used in the final analysis. The concurrent
validity of lower limb torque using an HHD was determined as poor against the gold
standard measure of isokinetic dynamometry in children [30].

Two correlation studies were included, where one investigated the effects of body
mass on the peak torque in schoolchildren [26] and the other identified correlations be-
tween the maximum isometric strength and the inclination angles of the curvatures of the
spine [27]. One study [25] reported the IVMCmax of quadriceps and hamstrings of youth
football players, as well as the isometric hamstring /quadriceps ratio and muscle strength
asymmetries between limbs.

Four studies explicitly provided reference or normative strength values for specific
age groups [4,5,7,24]. However, definitions of “normative” versus “reference” values were
not consistently reported.

4. Discussion

Despite the growing use of HHDs in pediatric populations, the literature remains
inconsistent, with considerable variability in testing protocols, measurement units, and
reporting standards. Moreover, normative and reference data for children and adolescents
are limited and inconsistently defined, making clinical interpretation and comparison
across studies challenging. Addressing these gaps is essential for establishing standardized
assessment methods and improving the reliability of strength evaluation in pediatric clinical
and sports practice.

The aim of this systematic review was to identify all the available data on the use
of HHDs in children and adolescents. Following a thorough review of the available
literature, only 12 studies met the inclusion criteria. The findings indicate that HHDs are a
feasible and reliable tool for pediatric populations. Several studies confirmed good intra-
and interrater reliability, particularly when standardized protocols and fixed stabilization
were applied. Reference or normative values were reported in a subset of studies, but
definitions and methodologies varied widely, preventing the establishment of universal
normative datasets.

Due to the heterogeneity of the methodology followed by the studies, there were
no sufficient data for normative data to be extracted. The titles of the extracted articles
varied, and it is noteworthy that none of the studies provided definitions for the terms
“reference values” or “normative data”. In four of the studies identified, the terms ‘torque
reference values’ [5], ‘normative data’ [4], “isometric strength profile’ [7], and ‘strength
values” were found [24]. A study published in 2001 [31], using the term ‘reference values of
muscle force’, was not included in the review since the inclusion criteria required a specific
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time frame. There is a distinct difference in the terms ‘reference values” and ‘normative
data’ that are used in the literature [18]. Normative values refer to values ‘relating to or
determining norms or standards’, and they are defined as ‘a set standard of development
or achievement, usually delivered from the average or median achievement of a large
group’ [32]. A reference value is defined as the values obtained from individuals presenting
similar conditions with the sample tested in a well-controlled environment, allowing for
adequate interpretation of the test results [17].

There is limited research on the use of manual dynamometry in the pediatric popula-
tion, with significant gaps remaining in the existing literature [33,34]. It is acknowledged
that there is a lack of methodology protocols and a variety of study designs regarding the
devices used for HHDs, the mode of contraction, the positioning, the assessment methods,
etc. A scoping review [18] investigated the use of HHDs in adults, and it was noted that dif-
ferent devices were used with no validity between the tools. Also, due to the different force
capacities of the devices, a ceiling effect would be created when testing muscle groups (e.g.,
knee extensors) that exceeded the devices” upper force limit. We consider this a limitation
that was not addressed in the included studies, particularly for children—especially older
adolescents—who exhibit greater muscle force.

More than half of our studies reported strength values in units of torque (Nm) or
force (N) divided by the body mass of each participant. We acknowledge a paucity of
literature on this specific subject, since studies in the existing literature did not consider
the anthropometric characteristics of the participants, which can greatly influence the
torque that can be generated. In the study by Mendez-Rebolledo et al. (2022) [7], the
isometric muscle strength of the upper limbs of children was normalized by body mass.
Participants were categorized into yearly age ranges, which permitted the assumption
that there was no statistical difference in anthropometric data within a specific age range.
This could potentially ensure that muscle strength data would be representative of a given
age and sex [35]. Another study [36] measured the hip strength of women and presented
absolute values expressed as a percentage of body weight, which facilitates the clinical use
of dynamometry. This could enable professionals to assess the loss of muscle strength; thus,
normalizing values could be obtained without the need of regression calculations [37,38].
An important parameter that takes individuals’ body segment length differences into
account is the length of the lever arm (i.e., the perpendicular distance between the placement
of the HHD and the axis of rotation of the tested segment) [18]. It is highlighted that the
so-called raw HHD output of muscle force may be misleading as the evaluation depends on
the distance between the dynamometer and the tested joint [35]. When examining children,
we ought to consider their growth [39], where limb length influences the distance of the
joint center and torque calculation is considered necessary [40]. Identifying that there was
a lack of torque measurement while using an HHD in four of the studies included in this
systematic review highlights the possible misconception of the use of muscle force data
and values in clinical practice.

Despite studies in the literature and those included in this systematic review reporting
that examiners receive standardized training regarding the usage of HHD, this type of
methodology adds bias to the procedure [5,18,41]. When examining muscle strength and
there is insufficient stabilization, compensatory movements may affect the peak force gen-
eration by a person. Large muscle groups (e.g., knee and hip muscles) may produce forces
the examiner will not be able to resist [42]. We also acknowledged that the studies included
used different positioning methods that could not be reproduced using a standardized
approach. Differences in the use of stabilization through an inelastic belt may not be present
in younger ages due to their lower torque values. External stabilization has an advantage
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when higher torque values are achieved, which depends on the age, height, weight, or
physical performance of children and adolescents.

Furthermore, given the younger age groups, misinterpretations of the procedures are
to be expected in manual dynamometry or dynamometry in general. It is, therefore, imper-
ative to standardize the protocols in use regarding the following: the verbal instructions
and encouragement used before and during testing; the positioning of both examiner and
the participant; the position of the HHD and possible accessories; the order of the muscles
tested; and the execution of the task by the participant [23]. Authors should discuss the
results and how they can be interpreted from the perspective of previous studies and work-
ing hypotheses. The findings and their implications should be discussed in the broadest
context possible. Future research directions may also be highlighted.

Overall, the confidence in the body of evidence synthesized in this review is moderate
to low. According to the GRADE assessment, the certainty of evidence for the main
outcomes ranged from low to very low; details are provided in Appendix A. Several
factors limit the strength and generalizability of the conclusions. The included studies
demonstrated considerable heterogeneity in testing protocols, stabilization methods, and
outcome measures, which complicated cross study comparisons. Most studies were based
on small, convenient samples, often lacking adequate representation across age, sex, and
activity levels. Furthermore, the absence of meta-analytic synthesis restricted the ability
to quantify pooled reliability or validity estimates. Collectively, these factors reduce the
certainty of the evidence and caution against broad generalization of the findings to all
pediatric populations or clinical contexts.

One of our study’s limitations was the language restriction to review only English-
written literature, which may have influenced the number of the studies included in
this systematic review and could have potentially resulted in selection bias. However,
the restriction was applied primarily to ensure accurate data extraction, interpretation,
and methodological consistency, as translation of non-English manuscripts could have
introduced linguistic and contextual inaccuracies. Additionally, the majority of the high-
quality, peer-reviewed research in this field is published in English, minimizing the potential
impact of language bias.

Despite methodological variability, HHDs remain a valuable tool in pediatric clinical
and sports settings, offering an objective and portable means of assessing muscle strength
across a wide age range. The data obtained can support rehabilitation planning, injury
prevention strategies, and the monitoring of growth-related changes in strength. How-
ever, the absence of standardized protocols and normative datasets continues to limit the
interpretability and comparability of results across studies and populations.

Future research should aim to strengthen scientific rigor by establishing standardized
testing protocols that clearly define instructions, participant positioning, number of trials,
and stabilization methods. Studies should include large and representative pediatric
cohorts and adopt torque-based reporting that incorporates lever arm length to account for
differences in growth and body size. Additionally, regular device calibration and capacity
testing are essential to avoid ceiling effects, particularly in older adolescents. Finally,
future investigations should explore the clinical applicability of HHDs in specific pediatric
populations, such as those with obesity, sedentary lifestyles, or varying levels of sports
participation.

5. Conclusions

HHDs are a valuable tool in clinical practice that can be used in various areas of
rehabilitation, such as injury prevention, musculoskeletal impairment, spine health, and
cardiovascular health [27,43,44]. The evidence synthesized in this review indicates that
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HHDs can be successfully applied across different muscle groups and age ranges, and
several studies have established preliminary reference values. However, methodological
heterogeneity, including variability in protocols, outcome measures, and definitions of
reference versus normative data, limits the comparability of findings and prevents the es-
tablishment of robust normative datasets. Future research should focus on the development
of standardized assessment protocols, incorporation of anthropometric adjustments such
as lever arm length, and the recruitment of large, representative samples. These steps are
essential to generate clinically meaningful normative values that can guide rehabilitation,
sports training, and health monitoring in the pediatric population.
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JBI Joanna Briggs Institute
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MIT Maximal isometric torque
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Nm Newton-meter
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Appendix A

This table presents the GRADE assessment of the certainty of evidence regarding the
associations between HHDs and overall muscle strength assessments in children and ado-
lescents. The evaluation considered the study design, risk of bias, consistency, directness,
and precision. The table provides a transparent summary of the strength and quality of the
available evidence supporting the use of HHDs in pediatric populations.

Table A1l. GRADE summary of the findings, assessing the certainty of evidence for associations
between HHDs and overall muscle strength assessments in children and adolescents.

. : Risk of . . . Other Con- . . .
No of Studies Study Design Bias Inconsistency Indirectness  Imprecision siderations Intervention Comparison Certainty Importance
N Acceptable intra-
on- d inter-rater
randomized Not Not . . 74/74 37/74 and nte

1[22] studies serious serious Not serious Not serious None (100.0%) (50:0%) Low reliability ar}d(
Cohort study concurrent validity

with the Cybex.

Variation among
rangi\(l)?rr:i-zed studies regarding
1511/1511 Very the muscle groups

814,5,7,23-27] sél;gég? Serious * seﬁgg s Not serious Not serious None —1511 (100.0%) 1 tested, fixation
sectional o ow protocols, and data
studies analysis or
presentation.

Test re-test
reliability and low
measurement error

for hallux and lesser
toe flexor strength.
Non- Reliable knee
randomized extension joint
i . ) t
3[28-30] Reliiﬁ%}rgsan d seI;Iigths Sell\‘ligtls Not serious Not serious None 98 (19080{ 330) Low meas(:lrrctl;:!’?ents
Criterion using HHDs.
Validity Poor concurrent
validity of HHDs in
children 7-11 years
old compared to
Isokinetic
Dynamometer
* Most of the studies did not refer to any confounding factors that could influence the results, nor did they
implement any strategies to address potential confounding factors likely to arise in HHD measurements.
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