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Abstract: Attempting to understand on‑field sport performance from dynamic performance tests
of athleticism (i.e., sprinting, jumping, strength) is common practice in sport. In recent years, the
isometric mid‑thigh pull (IMTP) has gained popularity in the sport performance community as an
assessment tool. This scoping review examined the relationship of the IMTP to common dynamic
sports assessments to evaluate the robustness of the IMTP to profile lower body force production
characteristics. The literature search was conducted according to PRISMA‑ScR guidelines. Articles
were selected from 5 electronic databases. Data was extracted and synthesized to evaluate the re‑
ported relationships between IMTP and common dynamic sport performance assessments. Forty‑
eight publications were identified and included in the review. Articles reviewed were all within the
past 25 years with most (66.7%) published within the past 5 years. Multiple researchers utilized the
IMTP across numerous sports and generally reported consistent results. Strong correlations (41.8%
of reported, r = 0.71 to 1.00) between the IMTP and the dynamic sport performance assessments were
found. The available evidence suggests the IMTP is a viable option for practitioners and researchers
to use to profile athletic ability. Furthermore, based on the publication year of included articles,
IMTP research is relatively young and warrants further investigation.

Keywords: power; strength; rate of force development

1. Introduction
Strength and conditioning coaches, sport coaches, and sport scientists often use assess‑

ments to evaluate and understand individual performance, monitor recovery and readi‑
ness, as well as track progress during training programs. Identifying biomotor abilities
that are below minimum thresholds or in general insufficient for success in sport is nec‑
essary to ensure training programs focus on the appropriate biomotor abilities. Focusing
on biomotor abilities that are already sufficient or focusing on too many biomotor abilities
are not the most efficient training program strategies to improve athletic performance [1].
Typical assessment areas of interest include agility/change of direction (COD), strength,
speed, power, and endurance assessments [2,3]. Testing results can be either compared
to normative data and/or historical data of an athlete then to determine areas of strengths
and weaknesses [2,4].

It is common to hold an athlete testing day, and ongoing athlete re‑testing over mul‑
tiple years, where the athletes will perform various performance tests associated with spe‑
cific athletic attributes believed to be necessary for success in a given sport. It is important
to select tests that not only measure what they are intended to measure (i.e., valid), but
also be able to measure it consistently (i.e., reliable) [4]. Testing days are not only time
consuming and fatiguing, but traditional assessments such as a sprint (maximum speed)
or maximum back squat (maximum strength) often only provide one metric per assess‑
ment. Another concern may be the safety of maximal dynamic assessments as the injury
risk is elevated especially when considering youth or any populations unfamiliar with the
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nature of maximal dynamic testing [5,6]. The increased risk of injury during amaximal dy‑
namic assessment can occur due to the 1‑repetition maximum exceeding tensile strength
of structural components [7]. Additionally, during a 1‑repition maximum, blood pressure
increases past what is normally met using submaximal weights [7]. Moreover, maximum
dynamic assessments are considered highly specialized skills that require strong technique
to not only protect against injuries, but the attempt accurately reflects the athletes true per‑
formance ability [7].

As sports and technology continue to grow, a fast and reliable method to assess ath‑
letes’ performance on a regular basis is becoming more feasible. The isometric mid‑thigh
pull (IMTP) using a force plate is a relatively newer method for determining maximal
strength [8,9]. These devices have been reported to be valid and reliable for determin‑
ing lower extremity maximal strength and peak rate of force development [9,10]. How‑
ever, methods for calculating rate of force development (RFD) can influence the reliabil‑
ity [11]. Moreover, new research suggests correlation of IMTP metrics (isometric max‑
imum strength and peak rate of force development) to sprint, power, and agility perfor‑
mance [12,13]. An attractive aspect of the IMTP is the ability, due to force plate technology,
to provide more than one metric associated with athletic performance, such as maximum
force production, time to maximum rate of force development, and rate of force develop‑
ment (RFD) at different time intervals (i.e., 50, 100, 200 ms) [4,12,13].

A practical advantage to using IMTP is attributed to requiring little to no skill to per‑
form the assessment [4,8]. It is common for traditional maximum strength assessments
to require previous training and practicing proper technique to ensure safety and optimal
performance to acquire valid and reliable data. Several studies demonstrate learning the
IMTP can be done in one session thus IMTP test familiarity can be conducted on testing day
without negatively impacting the integrity of the assessment [8,9]. Therefore, the IMTP is
attractive to coaches from the perspective of being an informative single session assessment
that can be performed on a regular basis with little to no skill to perform the assessment,
ultimately ensuring safety, saving time, and energy of the athletes. Recent studies explore
the nature of IMTP as it relates to dynamic performance [14–16].

Over the past decade there has been an increased focus on sport science researchers
utilizing the IMTP as an assessment of athlete populations in scientific studies. The scop‑
ing review was undertaken to identify and categorize existing research relating the IMTP
to dynamic sports assessments and identify gaps in the literature that warrant future re‑
search [17,18]. This step is necessary before more focused systematic reviews can be con‑
ducted. Therefore, the purpose of this scoping review is twofold. The first aim is to de‑
scribe the existing body of literature in which the IMTP has been used as an assessment
of athletic ability. The second aim is to provide a preliminary report of which traditional
dynamic performance assessments are associated with IMTP performance metrics. The
findings of the present scoping review can then inform future research, including system‑
atic reviews, meta‑analyses and original research.

2. Materials and Methods
2.1. Protocol and Registration

The scoping review was conducted and reported utilizing the Preferred Reporting
Items for Systematic Reviews and Meta‑Analysis extension for Scoping Review guide‑
lines [19] (PRISMA‑ScR) as well as the guidelines suggested by Arksey and O’Malley [20].

2.2. Eligibility Criteria
Eligibility criteria was determined by utilizing the following inclusion criteria: peer

reviewed articles published in the past 25 years (1997–2022); IMTP as an assessment tool
in recreational and/or competitive athletic population and compared to at least one of the
following performance attribute categories: agility/COD, strength, speed, power, or en‑
durance; IMTP metrics such as RFD, and maximum force development in athletics and
correlation to performance attributes from one of the following categories: agility, COD,
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strength, speed, power, or endurance. Exclusion criteria included: non‑English language;
non‑athlete population; unpublished or non‑peer reviewed articles; scoping reviews; sur‑
gical or rehabilitation interventions and IMTP; other isometric assessments such as grip
strength or squat.

2.3. Information Sources and Searches
Two researchers (G.G. and G.L.) conducted the literature search to identify, screen,

and select the studies to be included in this scoping review. The following multi‑step ap‑
proach was utilized:
1. An initial pilot search was conducted in Google Scholar using the following headings

of ‘IMTP’ combined with ‘performance assessments’, ‘performance variables’, ‘per‑
formance attributes’, ‘strength’, ‘agility’, ‘COD’, ‘speed’, ‘endurance’, and ‘power’.

2. Identify keywords and search terms that were concise and relevant to IMTP and per‑
formance attributes in one of the following categories: agility, COD, strength, speed,
power, or endurance.

3. Conduct final search strategy and further backwards search strategies of reference
lists from final selection of articles.
The final search strategy was conducted using following databases: SPORTDiscus,

CINAHLPluswith Full Text, HumanKinetics Journals,Medlinewith Full Text, andGoogle
Scholar. When full text was not available from internet sources authors’ (G.G. and G.L.)
utilized institutional journal subscriptions to obtain the full‑texts. The following search
terms were used to perform the final search strategy: relationship between “isometric mid‑
thigh pull” or “isometric midthigh pull” and performance variables; as well as relationship
between “isometricmid‑thigh pull” or “isometricmidthigh pull” and “strength”, “power”,
“agility”, “speed”, and “endurance”. Synonyms of relationship such as association and
correlation were used in an attempt to increase search results as well as synonyms for
variables such as attributes and assessments; ultimately returning less search results and/or
duplicates of final search terms utilized in final search strategy. The search was conducted
during March 2022.

2.4. Selection of Sources of Evidence
Authors (G.G. andG.L.) evaluated the final search results after removingduplicates by

title and abstracts. Full texts were independently reviewed and discussed by authors (G.G.
and G.L.) to ensure accuracy and significance as they pertain to our scoping review objec‑
tives. In the event of any disagreement, studies would be reviewed by a 3rd author (J.M.)
to solve any disagreements. No disagreements were found within the inclusion of articles.

2.5. Data Charting Process
Data charting was performed by authors (G.G. and G.L.) using a custom designed

form specifically for extraction of data relevant to objectives of the scoping review (Table 1).
Data charting and extraction was performed by dividing the final search results into half
and then switching and checking both authors’ charting and extraction.

Authors (G.G. and G.L.) assessed each study for objective measures (maximum force
development, RFD, peak power, dynamic strength, isokinetic strength, jump height, sprint
times, agility, and COD times). In cases where study performance assessments, interven‑
tions, or correlations were poorly described or required deeper investigations potentially
past the individual studies purpose, we attempted to evaluate the results and draw com‑
parisons relevant to the objectives of this scoping review.

2.6. Data Items
The following data was extracted and categorized as the following: author, year,

study population, outcome variables, and whether significance was found. Definitions
of outcome variables are provided in Table 2.
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Table 1. Summary of significant relationships between isometric mid‑thigh pull and dynamic sport
assessment performance.

IMTP
Comparison # of Studies

# Statistically.
Significant
Comparisons

Significance % # Weak
Associations

# Moderate
Associations

# Strong
Associations

RFD 32 31 96.88% 2 16 13

Jump height 33 30 90.91% 2 17 11

Jump distance 2 2 100.00% 0 1 1

Peak Power 22 22 100.00% 2 17 3

Sprint 13 12 92.31% 1 8 3

COD 10 9 90.00% 0 7 2

Sport Specific 17 16 94.12% 0 10 6

Dynamic
Strength 12 12 100.00% 1 6 5

DSI Score 4 3 75.00% 0 1 2

Isokinetic
Strength 1 1 100.00% 0 0 1

Total Studies 48 43 89.58% 1 24 18

Table 2. Definitions of categories of outcome variables used to characterize distribution of studies
[21–23].

Terminology Definition

Isometric Strength Maximal force produced during muscular contraction against resistance, without
shortening of muscle fibers

Rate of Force Development Measure of explosive strength or how fast an athlete can develop force

Jump Height Vertical displacement from take‑off to vertex. Can include displacement and reach
depending on testing method

Jump Distance Horizontal displacement from take‑off to landing

Peak power/force Maximum force of torque developed during muscle action over a given amount of time

Sprint Maximum speed over specific distances. Measured as time to completion

Change of Direction Ability to change movement direction, velocities, or modes. Measured as time to
completion

Dynamic Strength Isotonic strength movements. Typically, measured as a repetition maximum

Dynamic Strength Index Difference between minimum and explosive strength capacity. Usually, quantified as
the ratio between IMTPpeak force and CMJpeak force

Sport Specific Task Performance movements that specifically mimic a task or skill in sport

Isokinetic Strength Strength training in which speed of movement remains constant, but resistance varies

2.7. Critical Appraisal of Individual Sources of Evidence
A critical appraisal of individual sources of evidence was not conducted in this scop‑

ing review using a standard study quality assessment instrument. The authors did ensure
during the full‑text review that the procedures used for the IMTP and dynamic perfor‑
mance assessments were consistent with current best practices [4].
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2.8. Synthesis of Results
Adescriptive‑analyticalmethodwasutilized to synthesize the results based on (1) body

of literature retrieved from the scoping review and (2) outcome measures relating to the
relationship between IMTP and various performance variables or measures.

3. Results
3.1. Selecting Sources of Evidence

Initial search results using abovedefined searchparameters returned 387 articles (Figure 1).
The authors included thirteen other relevant studies which were found by reverse search‑
ing references of the initial search results. Of these 400 articles, 276 duplicates were re‑
moved, resulting in 124 articles ready for a first screen pass where the authors reviewed
the titles and abstracts to determine if they met the eligibility criteria. There were 53 arti‑
cles which were fully evaluated for inclusion criteria and 48 met the eligibility criteria to
be included in this scoping review.
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3.2. Characteristics of Sources of Evidence
In all 48 studies, comparisons were made between IMTP to other performance metric

types and in some cases, multiple types were compared to assess correlations (Figure 2).
Multiple studies reported the relationship between IMTP to the rate of force development
of RFD (n = 32) and jump height collectively (n = 33). Regarding jump height, both the
counter‑movement jump (CMJ) and the squat jump (SJ) were investigated. These studies
are of particular interest due to comparison of isometric maximum force (IMTP) to ability
to express force quickly (i.e., CMJ and SJ) in movements commonly performed by athletes.
The remaining articles investigated relationships to sprinting, COD, peak power, isoki‑
netic strength, and dynamic strength. Of the 48 articles, 17 investigated the IMTP to sport
specific movements such as Olympic weightlifting and other sports.
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Figure 2. Distribution of types of assessments used in included studies.

Athletes froma variety of sportswere represented in the included studies (Figure 3). A
majority of the of the included studies are fromwithin the last 5 years (66.7%), highlighting
a recent interest and investigation of the IMTP as an assessment method of to quantify
athletic abilities desirable for optimal sport performance (Figure 4).

3.3. Results of Individual Sources of Evidence and Synthesis of Results
The results from each included study regarding associations between IMTP and per‑

formance assessments are presented in Table 1. Ten areas of interest were found to be
consistent in each of the studies (Table 3). Forty‑three, or 89.58%, of the included stud‑
ies were found to report a statistically significant relationship between an IMTP metric
and a dynamic athletic performance assessment. Overall, there were 10 variables investi‑
gated that included IMTPRFD as it relates to jump height and distance, peak power during
CMJ, SJ and dynamic weightlifting, and sport specific assessments. In all cases with more
than one reported association between IMTP and a dynamic performance assessment, a
majority of the associations were statistically significant (Table 3). This includes a range
of assessments associated with desirable athletic abilities of strength, power, vertical and
horizontal jumping, sprinting and COD.
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Beattie (2017) ‡ ‡ ‡ ‡
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Beckham (2013) ☆ ☆ ☆

Beckham (2019) ☆ ☆ ☆

Bourgeois (2017) x x x
Brady (2020) ‡ ‡ ‡ ‡
Comfort (2020) ☆ ☆

Comfort (2018) ☆ ☆ ☆ ☆

Cross (2021) ‡ ‡ ‡ ‡
Cunningham (2018) ‡ ‡ ‡
Dobbs (2020) ‡ ‡ ‡ ‡
Dos’Santos (2017) ☆ ☆ ☆ ☆

Guppy (2018) ‡ ‡ ‡
Haff (1997) ☆ ☆ ☆ ☆

Haff et al. (2005) ☆ ☆ ☆ ☆ ☆

Hayes (2018) ☆ ☆ ☆ ☆

Hornikova (2021) ‡ ‡ ‡ ‡ ‡ ‡
Hornsby (2017) ‡ ‡ ‡ ‡ ‡
Hornsby (2021) ☆ ☆

Kawamori (2006) ☆ ☆ ☆ ☆ ☆ ☆

Khamoui (2011) ‡ ‡ ‡ ‡
Kozinc (2021) ‡ ‡ ‡ ‡ ‡
Kraska et al. (2009) ‡ ‡ ‡ ‡
Kuki et al. (2017) ☆ ☆ ☆ ☆ ☆

Lee and Kim (2020) ☆ ☆ ☆

Mangine (2020) x
Mason (2021) ‡ ‡ ‡ ‡ ‡ ‡
McGuigan (2008) ☆ ☆ ☆ ☆

McGuigan (2006) ☆ ☆ ☆

McMahon (2017) ☆ ☆ ☆

Merrigan (2020) x x
Norris (2021) ‡ ‡ ‡
Nuzzo (2008) • • • • •
Pichardo (2019) ‡ ‡ ‡ ‡
Post et al. (2022) ‡ ‡ ‡ ‡ ‡ ‡ ‡
Spiteri et al. (2014) ☆ ☆ ☆

Stone et al. (2004) ☆ ☆ ☆ ☆ ☆

Stone (2003) ☆ ☆ ☆ ☆ ☆ ☆

Suchomel (2016) ‡ ‡ ‡ ‡ ‡ ‡ ‡
Suchomel (2020) ‡ ‡ ‡ ‡ ‡
Thomas (2018) x x
Thomas (2017) x x
Thomas (2017) ‡ ‡
Townsend (2019) ‡ ‡ ‡ ‡ ‡ ‡
Travis (2018) ‡ ‡ ‡ ‡
Vercoe (2018) ☆ ☆ ☆

Wang (2016) ☆ ☆ ☆ ☆ ☆

West et al. (2011) ☆ ☆ ☆ ☆ ☆
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4. Discussion
4.1. Summary of Evidence

This scoping review investigated the body of literature regarding the IMTP perfor‑
mance to traditional dynamic performance assessments. The main finding was that much
of the research activity has occurred in the past 5 years and for many specific sports a
limited number of studies have been published. However, when considering the overall
findings reported in studies there is support for using the IMTP in place of dynamic per‑
formance assessments. Without an in‑depth analysis of specific findings of studies, the
IMTP appears to be a robust assessment of dynamic performance as a variety of dynamic
athletic performance assessments were strongly associated with IMTP (Table 3). To this
end, a majority of the included studies indicate that the IMTP is an informative assessment
methodology [8,10]. Considering thatmany sports require a variety of biomotor abilities to
be tested, this makes the IMTP advantageous due to it being a single assessment associated
with numerous dynamic sport assessments. Additionally, the IMTP requires relatively lit‑
tle skill to perform and collect quality data [4,8].

4.2. Strengths, Limitations and Future Directions
The strengths of the existing literature identified in the scoping review are the number

of published articles that met eligibility criteria and the frequency of significant relation‑
ships across included studies. While the quality of the studies was not assessed, many of
the senior authors were well‑established researchers with significant practical experience
in the field of sport science. Examples include Stone et al. [13], Comfort et al. [25,26], and
Haff et al. [12].

Several limitations must be acknowledged. The existing literature identified in the
scoping review indicates the majority of articles were published within the past 5 years
and thus this area of inquiry is relatively young in the field of strength and conditioning.
Considering the timespan from the start of research to the time findings are published,
there is a delay before the findings are applied to sports coaches and strength and condi‑
tioning professionals. Research shows the nature of database searching has its limitations
with respect to the individual databases being searched [27]. There will likely be more
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studies investigating the use of the IMTP and its metrics as it relates to dynamic sports
assessment in the future. Additionally scoping reviews are meant to investigate existing
bodies of literature and identify gaps for future investigation [17,18]. The scoping review
methodology utilized provided limited understanding of potential differences in the rela‑
tionships reported in studies.

Several areas of future investigation for focused systematic reviews can be recom‑
mended based on the present scoping review. There needs to be future research on factors
such as age, sex, and sport to determine if the relationships reported in the scoping re‑
view are truly universal. Additionally, most of the included studies were cross‑sectional
and only investigated the relationship between IMTP and athletic attributes at one point in
time. Recently, literature has reported changes in IMTP variables across periods of training
with findings supporting changes in IMTP are related to changes in dynamic sport assess‑
ments [26,28,29]. Future studies should continue this areas of inquiry to further assess how
changes in IMTP correspond to changes in athletic attributes.

5. Conclusions
This scoping review identified a substantial body of literature reporting strong corre‑

lations between the IMTP and the dynamic performance metrics. Specifically with regard
to peak power, RFD and dynamic strength which are also seen in a recent studies and sys‑
tematic review [14–16]. As technology advances and is more accessible to practitioners,
the inclusion of the IMTP is a viable option for profiling athletic abilities. Given the ease
with which the IMTP can be administered and association with an array of traditional per‑
formance assessments, practitioners should consider adopting the IMTP into assessment
batteries. Researchers should expand upon the scoping review by conducting focused
systematic reviews and original studies to address further assess the IMTP assessment to
profile biomotor abilities.
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sis, G.G. and G.L.; data curation, G.G. and G.L.; writing—original draft preparation, G.G. and G.L.;
writing—review and editing, J.M.; Visualization, G.L.; Supervision, J.M.; writing‑final draft, G.G.,
G.L. and J.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Jiménez‑Reyes, P.; Samozino, P.; Brughelli, M.; Morin, J.‑B. Effectiveness of an Individualized Training Based on Force‑Velocity

Profiling during Jumping. Front. Physiol. 2017, 7, 677. [CrossRef] [PubMed]
2. Baechle, T.R.; Earle, R.W.; National Strength & Conditioning Association (U.S.) (Eds.) Essentials of Strength Training and Condi‑

tioning, 3rd ed.; Human Kinetics: Champaign, IL, USA, 2008.
3. Horníková, H.; Zemková, E. Relationship between Physical Factors and Change of Direction Speed in Team Sports. Appl. Sci.

2021, 11, 655. [CrossRef]
4. National Strength & Conditioning Association (U.S.); Miller, T. (Eds.) NSCA’s Guide to Tests and Assessments; Human Kinetics:

Champaign, IL, USA, 2012.
5. Robertson, R.J.; Goss, F.L.; Aaron, D.J.; Gairola, A.; Kowallis, R.A.; Liu, Y.; Randall, C.R.; Tessmer, K.A.; Schnorr, T.L.; Schroeder,

A.E.; et al. One Repetition Maximum Prediction Models for Children Using the OMNI RPE Scale. J. Strength Cond. Res. 2008, 22,
196–201. [CrossRef] [PubMed]

6. Faigenbaum, A.D.; Kraemer, W.J.; Blimkie, C.J.R.; Jeffreys, I.; Micheli, L.J.; Nitka, M.; Rowland, T.W. Youth Resistance Training:
Updated Position Statement Paper From the National Strength and Conditioning Association. J. Strength Cond. Res. 2009, 23,
S60–S79. [CrossRef] [PubMed]

7. Brzycki, M. Strength Testing—Predicting a One‑Rep Max from Reps‑to‑Fatigue. J. Phys. Educ. Recreat. Dance 1993, 64, 88–90.
[CrossRef]

http://doi.org/10.3389/fphys.2016.00677
http://www.ncbi.nlm.nih.gov/pubmed/28119624
http://doi.org/10.3390/app11020655
http://doi.org/10.1519/JSC.0b013e31815f6283
http://www.ncbi.nlm.nih.gov/pubmed/18296975
http://doi.org/10.1519/JSC.0b013e31819df407
http://www.ncbi.nlm.nih.gov/pubmed/19620931
http://doi.org/10.1080/07303084.1993.10606684


J. Funct. Morphol. Kinesiol. 2022, 7, 114 11 of 11

8. James, L.P.; Roberts, L.A.; Haff, G.G.; Kelly, V.G.; Beckman, E.M. Validity and Reliability of a Portable Isometric Mid‑Thigh
Clean Pull. J. Strength Cond. Res. 2017, 31, 1378–1386. [CrossRef]

9. Dobbin, N.; Hunwicks, R.; Jones, B.; Till, K.; Highton, J.; Twist, C. Criterion and Construct Validity of an Isometric Midthigh‑Pull
Dynamometer for AssessingWhole‑Body Strength in Professional Rugby League Players. Int. J. Sports Physiol. Perform. 2018, 13,
235–239. [CrossRef]

10. Grgic, J.; Scapec, B.; Mikulic, P.; Pedisic, Z. Test‑retest reliability of isometric mid‑thigh pull maximum strength assessment: A
systematic review. Biol. Sport 2022, 39, 407–414. [CrossRef]

11. Brady, C.J.; Harrison, A.J.; Comyns, T.M. A review of the reliability of biomechanical variables produced during the isometric
mid‑thigh pull and isometric squat and the reporting of normative data. Sports Biomech. 2020, 19, 1–25. [CrossRef]

12. Haff, G.G.; Ruben, R.P.; Lider, J.; Twine, C.; Cormie, P. AComparison ofMethods forDetermining the Rate of ForceDevelopment
During Isometric Midthigh Clean Pulls. J. Strength Cond. Res. 2015, 29, 386–395. [CrossRef]

13. Stone, M.H.; Sands, W.A.; Carlock, J.; Callan, S.; Dickie, D.; Daigle, K.; Cotton, J.; Smith, S.L.; Hartman, M. The Importance
of Isometric Maximum Strength and Peak Rate‑of‑Force Development in Sprint Cycling. J. Strength Cond. Res. 2004, 18, 878.
[CrossRef] [PubMed]

14. Dos’Santos, T.; Thomas, C.; Comfort, P.; McMahon, J.J.; Jones, P.A. Relationships between Isometric Force‑Time Characteristics
and Dynamic Performance. Sports 2017, 5, 68. [CrossRef]

15. Lum, D.; Haff, G.G.; Barbosa, T.M. The Relationship between Isometric Force‑Time Characteristics and Dynamic Performance:
A Systematic Review. Sports 2020, 8, 63. [CrossRef] [PubMed]

16. West, D.J.; Owen, N.J.; Jones, M.R.; Bracken, R.M.; Cook, C.J.; Cunningham, D.J.; Shearer, D.A.; Finn, C.V.; Newton, R.U.;
Crewther, B.T.; et al. Relationships Between Force–Time Characteristics of the Isometric Midthigh Pull and Dynamic Perfor‑
mance in Professional Rugby League Players. J. Strength Cond. Res. 2011, 25, 3070–3075. [CrossRef] [PubMed]

17. Pierce, J. Research Guides: Systematic Reviews & Other Review Types: What is a Scoping Review? Available online: https:
//guides.temple.edu/c.php?g=78618&p=4156607 (accessed on 14 November 2022).

18. Munn, Z.; Peters, M.D.J.; Stern, C.; Tufanaru, C.; McArthur, A.; Aromataris, E. Systematic Review or Scoping Review? Guidance
for Authors When Choosing between a Systematic or Scoping Review Approach. BMC Med. Res. Methodol. 2018, 18, 143.
[CrossRef]

19. Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.J.; Horsley, T.; Weeks, L.; et al.
PRISMA Extension for Scoping Reviews (PRISMA‑ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467–473.
[CrossRef]

20. Arksey, H.; O’Malley, L. Scoping studies: Towards a methodological framework. Int. J. Soc. Res. Methodol. 2005, 8, 19–32.
[CrossRef]

21. Dictionary.com Is The World’s Favorite Online Dictionary. Dictionary.com. Available online: https://www.dictionary.com/
(accessed on 2 May 2022).

22. Dictionary by Merriam‑Webster: America’s Most‑Trusted Online Dictionary. Available online: https://www.merriam‑webster.
com/ (accessed on 2 May 2022).

23. Home—Science for Sport. Published April 9. Available online: https://www.scienceforsport.com/ (accessed on 2 May 2022).
24. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; L. Erlbaum Associates: Mahwah, NJ, USA, 1988.
25. Comfort, P.; Dos’Santos, T.; Thomas, C.; McMahon, J.J.; Suchomel, T.J. An Investigation Into the Effects of Excluding the Catch

Phase of the Power Clean on Force‑Time Characteristics During Isometric andDynamic Tasks: An Intervention Study. J. Strength
Cond. Res. 2018, 32, 2116–2129. [CrossRef]

26. Comfort, P.; Jones, P.A.; Thomas, C.; Dos’Santos, T.; McMahon, J.J.; Suchomel, T.J. Changes in Early and Maximal Isometric
Force Production in Response toModerate‑ andHigh‑Load Strength and Power Training. J. Strength Cond. Res. 2020, 36, 593–599.
[CrossRef]

27. Bramer, W.M.; Rethlefsen, M.L.; Kleijnen, J.; Franco, O.H. Optimal database combinations for literature searches in systematic
reviews: A prospective exploratory study. Syst. Rev. 2017, 6, 245. [CrossRef]

28. Suchomel, T.J.; McKeever, S.M.; Comfort, P. TrainingWithWeightlifting Derivatives: The Effects of Force and Velocity Overload
Stimuli. J. Strength Cond. Res. 2020, 34, 1808–1818. [CrossRef] [PubMed]

29. Bourgeois, F.A.; Gamble, P.; Gill, N.D.; McGuigan, M.R. Effects of a Six‑Week Strength Training Programme on Change of
Direction Performance in Youth Team Sport Athletes. Sports 2017, 5, 83. [CrossRef] [PubMed]

http://doi.org/10.1519/JSC.0000000000001201
http://doi.org/10.1123/ijspp.2017-0166
http://doi.org/10.5114/biolsport.2022.106149
http://doi.org/10.1080/14763141.2018.1452968
http://doi.org/10.1519/JSC.0000000000000705
http://doi.org/10.1519/14874.1
http://www.ncbi.nlm.nih.gov/pubmed/15574097
http://doi.org/10.3390/sports5030068
http://doi.org/10.3390/sports8050063
http://www.ncbi.nlm.nih.gov/pubmed/32429176
http://doi.org/10.1519/JSC.0b013e318212dcd5
http://www.ncbi.nlm.nih.gov/pubmed/21993026
https://guides.temple.edu/c.php?g=78618&p=4156607
https://guides.temple.edu/c.php?g=78618&p=4156607
http://doi.org/10.1186/s12874-018-0611-x
http://doi.org/10.7326/M18-0850
http://doi.org/10.1080/1364557032000119616
https://www.dictionary.com/
https://www.merriam-webster.com/
https://www.merriam-webster.com/
https://www.scienceforsport.com/
http://doi.org/10.1519/JSC.0000000000002656
http://doi.org/10.1519/JSC.0000000000003544
http://doi.org/10.1186/s13643-017-0644-y
http://doi.org/10.1519/JSC.0000000000003639
http://www.ncbi.nlm.nih.gov/pubmed/32398635
http://doi.org/10.3390/sports5040083
http://www.ncbi.nlm.nih.gov/pubmed/29910443

	Introduction 
	Materials and Methods 
	Protocol and Registration 
	Eligibility Criteria 
	Information Sources and Searches 
	Selection of Sources of Evidence 
	Data Charting Process 
	Data Items 
	Critical Appraisal of Individual Sources of Evidence 
	Synthesis of Results 

	Results 
	Selecting Sources of Evidence 
	Characteristics of Sources of Evidence 
	Results of Individual Sources of Evidence and Synthesis of Results 

	Discussion 
	Summary of Evidence 
	Strengths, Limitations and Future Directions 

	Conclusions 
	References

