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ABSTRACT: The aim of this systematic review was to explore the test-retest reliability of isometric mid-thigh
pull maximum strength assessment. We searched through five databases to find studies that examined the testretest reliability of peak force in the isometric mid-thigh pull exercise. From each included study, we extracted
intra-class correlation coefficients (ICC) and/or coefficient of variation (CV). The methodological quality of the
included studies was evaluated using the COSMIN checklist. A total of 16 good-to-excellent quality studies
were included in the review. When considering results from all included studies, ICCs ranged from 0.73 to
0.99 (median ICC = 0.96), where 78% of ICCs were ≥ 0.90, and 98% of ICCs were ≥ 0.75. The range of
reported CVs was from 0.7% to 11.1% (median CV = 4.9%), where 58% of CVs were ≤ 5%. Reliability was
also good-to-excellent for both relative and absolute peak force and for both bilateral and unilateral isometric
mid-thigh pull tests. The majority of studies did not find significant differences between testing sessions. It can
be concluded that the isometric mid-thigh pull maximum strength assessment has good-to-excellent test-retest
reliability. The isometric mid-thigh pull maximum strength assessment can be used as a reliable test in sports
practice and for research purposes.
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INTRODUCTION
Muscular strength can be defined as “the ability to exert force on

(r = 0.57–0.85) [10, 11]; sprinting kinetics (r = 0.48–0.73) [12];

an external object or resistance” [1]. Maximum muscular force

and vertical jump height (r = 0.59–0.82) [13, 14].

production is influenced by muscle activation, size, and architec-

This test has been used in studies that evaluated the effects of

ture [2]. There are several tests of maximal strength, and one of

resistance training programs on maximum strength development,

them is the isometric mid-thigh pull test. The isometric mid-thigh

the acute ergogenic effects of supplements on strength (e.g., sodium

pull test was developed in the 1990s, and it has gained substan-

bicarbonate, caffeine), and the influence of motor learning strategies

tial popularity in recent years [3]. As suggested by its name, the

on maximum force production [15, 16, 17, 18]. Peak force from

test involves maximum isometric force production, while holding

the isometric mid-thigh pull test is also one of the components of

a barbell that is set in the mid-thigh position [3, 4]. This test was

the “Dynamic Strength Index” (i.e., the ratio of ballistic peak force

originally developed to mimic the second pull phase of the clean,

and isometric peak force) [19]. This index is commonly used to

making it highly suitable to weightlifting [3, 4]. However, the test

develop training programs and to evaluate their efficacy [19]. Ad-

has also been used for strength assessment in other sports and for

ditionally, the isometric mid-thigh pull test is also used to assess

research purposes [3, 4]. Important advantages of this test is that

fatigue and recovery from exercise and competition [20, 21]. This

it is not overly fatiguing and that it generally takes less time than

test has also been utilized to evaluate physical characteristics of

one-repetition maximum (1RM) assessment [3]. Furthermore, the

academy rugby union players and to track changes in maximal

isometric mid-thigh pull strength is considered safe, with a very

strength of baseball players across competitive seasons [22, 23].

low reported incidence of injury [3]. Unlike single-joint isometric

The application of the isometric mid-thigh pull test in these various

tests of strength, the isometric mid-thigh pull test is generally

areas of research demonstrates its growing popularity in recent years.

strongly associated with dynamic exercise performance [4, 5, 6].

Given the increased use of this test in research and applied set-

For example, peak force recorded in this test is in correlation with:

tings, it is important to establish its test-retest reliability. Test-retest

1RM in the clean-and-jerk, snatch, squat, and deadlift

reliability refers to the consistency of results in a given test across

(r = 0.64–0.97) [7, 8, 9]; change of direction performance

repeated measures [24, 25]. Poor test-retest reliability may increase
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the probability of type II error [24, 25]. While several studies explored

CVs of ≤ 5% are generally considered to indicate excellent reli-

the test-retest reliability of maximum strength using the isometric

ability [41].

mid-thigh pull test, the findings varied across the studies [9, 19, 21, 26–38]. Therefore, the aim of this paper was to

Methodological quality

conduct a systematic review of studies that explored the test-retest

We evaluated the methodological quality of included studies using the

reliability of isometric mid-thigh pull maximum strength assessment,

form B of COnsensus-based Standards for the selection of health

and to summarize their findings.

Measurement Instruments (COSMIN) checklist [42]. Form B of this
checklist has a total of 11 items. These items refer to the number of

MATERIALS AND METHODS

testing sessions, the days between sessions, test administration, data

Search strategy

reporting, methodological limitations, and the sample size adequacy.

For this review, we followed the Preferred Reporting Items for System-

A study may be given one point per item. Thus, the maximum score

atic Reviews and Meta-Analyses (PRISMA) guidelines [39]. The fol-

on the checklist is 11 points. Based on the summary scores, we clas-

lowing search syntax was used to identify the studies that examined

sified studies as “excellent quality”, “moderate quality”, and “poor

the test-retest reliability of maximum strength assessment using the

quality”, if they scored 9–11 points, 6–8 points, and fewer than

isometric mid-thigh pull test: (“mid-thigh pull” OR “mid thigh pull”

6 points, respectively [43]. Two authors of the review (JG and BS)

OR “midthigh pull” OR “mid-thigh clean” OR “mid thigh clean” OR

independently performed the methodological quality evaluation. Their

“midthigh clean”) AND (reliability OR repeatability OR reproducibility).

independent assessments were compared, discussed, and harmonized.

We searched through five databases, including: CINAHL (through
EBSCOhost), PubMed/MEDLINE, Scopus, SPORTDiscus (through

RESULTS

EBSCOhost), and Web of Science (including all Citation Indexes). In

Search results

addition to the primary search, we performed a secondary search that

A total of 721 references were assessed against the eligibility criteria.

consisted of examining reference lists of all included studies.

Specifically, the primary search yielded a total of 190 references
(Figure 1). After excluding ineligible studies based on title, abstract,

Inclusion criteria

or full-text, 15 studies [9, 19, 21, 26–34, 36–38] were included in

We included studies that satisfied the following criteria: (a) published

the review. In the secondary search, 531 references were assessed

in a peer-reviewed journal and in English language; (b) examined

and one additional study was included in the review [35]. Therefore,

the test-retest reliability of relative or absolute peak force in the

the final number of included studies was 16 [9, 19, 21, 26–38].

unilateral or bilateral isometric mid-thigh pull exercise; and (c) presented intra-class correlation coefficient (ICC) and/or coefficient of

Study characteristics

variation (CV). The search and study selection according to the eli-

Sample sizes in the included studies ranged from 8 to 59 participants

gibility criteria were concluded on December 1st, 2020. They were

(median = 16). The overall number of participants across all in-

performed independently by two authors of the review (JG and BS),

cluded studies was 307. Thirteen studies included athletes from

to prevent possible study selection bias.

various sports (e.g., rugby, soccer, netball); two studies were conducted among resistance-trained individuals, and one study included

Data extraction

recreationally active males (Table 1). Fifteen studies presented ICCs,

From each of the included studies, we extracted the following data:

while 14 studies presented CVs. The time between testing sessions

(a) participant characteristics; (b) time between testing sessions;

ranged from 1 to 7 days. The warm-up protocol varied across studies,

(c) familiarization with the test and warm-up protocol; (d) hip and

but it most commonly included two practice attempts before the test,

knee angle used for the test; and (e) ICC and/or CV values for peak

performed at 50% and 75% of perceived maximum effort.

force. Data extraction was performed independently by two authors
of the review (JG and BS). Following the completion of the data

Methodological quality

extraction by both authors, the files with extracted data were com-

Fifteen studies were classified as being of excellent methodological

pared, discussed, and harmonized.

quality, while one study was classified as having moderate methodological quality (Table 2). The scores for individual studies on all

Reliability data interpretation

items of the COSMIN checklist are presented in Table 2.

ICCs were interpreted using the thresholds proposed by Koo and
Li [40]. Specifically, we classified ICCs as indication of: “poor reli-

Overall reliability

ability” (ICC < 0.50), “moderate reliability” (ICC = 0.50–0.75),

When considering results from all included studies, ICCs ranged from

“good reliability” (ICC = 0.76–0.90), or “excellent reliability”

0.73 to 0.99 (median ICC = 0.96), where 78% of ICCs were ≥ 0.90,

(ICC > 0.90). Even though there are no universally accepted thresh-

and 98% of ICCs were ≥ 0.75. The range of reported CVs was from

olds for interpreting CV, in the medical and health research area,

0.7% to 11.1% (median CV = 4.9%), where 58% of CVs were ≤ 5%.
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TABLE 1. Summary of included studies
Time between
testing sessions
7 days

Familiarization
3 practice
sessions

Sampling
rate
1000 Hz

Hip and knee
angle
Knee: 120–135°
Hip: 140–150°

ICC
(95% CI)
Peak force:
0.92 (0.68, 0.98)

CV
(95% CI)
Peak force: 4.3%
(3.2%, 7.2%)

8 male college
athletes

7 days

1 practice
session

1 set of 3 repetitions
of mid-thigh power
cleans at 40%, 60%,
and 80% of 1RM
power clean

600 Hz

120° knee, 125°
hip
130° knee, 125°
hip
140° knee, 125°
hip
150° knee, 125°
hip
120° knee, 145°
hip
130° knee, 145°
hip
140° knee, 145°
hip
150° knee, 145°
hip
Preferred
position

120° knee, 125° hip
Peak force: 0.99
130° knee, 125° hip
Peak force: 0.99
140° knee, 125° hip
Peak force: 0.99
150° knee, 125° hip
Peak force: 0.99
120° knee, 145° hip
Peak force: 0.99
130° knee, 145° hip
Peak force: 0.99
140° knee, 145° hip
Peak force: 0.98
150° knee, 145° hip
Peak force: 0.99
Preferred position
Peak force: 0.99

Not reported

Comfort et
al. [27]

29 male
collegiate
athletes

3 days

Prior
experience
with the
exercise

3 test attempts at
50%, 75%, and
90% of perceived
maximum effort

1000 Hz

Knee:
139.5 ± 3.3°
Hip:
145.1 ± 3.4°

Peak force:
0.98 (0.95, 0.99)

Peak force: 0.7%

De Witt et al.
[9]

9 resistancetrained
participants (5
males and
4 females)

At least 3 days

1 practice
session

2 test attempts at
50% and 75% of
perceived maximum
effort

1000 Hz

Knee: flexed at
36 ± 3°
Hip: flexed at
43 ± 3°

0.89 (0.74, 1.00)

Not reported

Dos’Santos et
al. [28]

13 male youth
soccer players

2 days

Prior
experience
with the
exercise

5 minutes of
dynamic stretching,
1 set of 5 repetitions
of mid-thigh clean
pulls, and 2 test
attempts at 50% and
75% of perceived
maximum effort

1000 Hz

Knee: 137–146°
Hip: 140–149°

Peak force:
0.96 (0.88, 0.99)

Peak force: 4.6%
(3.3%, 7.7%)

Dos’Santos et
al. [29]

10 collegiate
athletes

7 days

Prior
experience
with the
exercise

10 bodyweight
squats and lunges
and 2 test attempts
at 50%, and 75% of
perceived maximum
effort

1000 Hz

145° knee, 145°
hip
145° knee, 175°
hip

145° knee, 145° hip
Peak force:
0.97 (0.81, 0.99)
145° knee, 175° hip
Peak force:
0.97 (0.89, 0.99)

145° knee, 145°
hip
Peak force: 4.5%
(1.6%, 7.3%)
145° knee, 175°
hip
Peak force: 5.3%
(3.0%, 7.6%)

Guppy et al.
[30]

17 strength and
power athletes
(11 males and
6 females)

7 days

1 practice
session

1 set of 3 repetitions
of dynamic mid-thigh
pulls at 40%, 60%
and 80% of 1RM
clean; and 2 test
attempts at 50% and
75% of perceived
maximum effort

1000 Hz

145° knee, 145°
hip, and
traditional
barbell position
145° knee, 120°
hip, and
traditional
barbell position
120° knee, 125°
hip, and
mid-thigh barbell
position
120° knee, 145°
hip, and
mid-thigh barbell
position

145° knee, 145° hip,
145° knee, 145°
and traditional
hip, and traditional
barbell position
barbell position
Peak force:
Peak force: 4.0%
0.98 (0.95, 0.99)
(2.9%, 6.2%)
145° knee, 120° hip,
145° knee, 120°
and traditional
hip, and traditional
barbell position
barbell position
Peak force:
Peak force: 5.0%
0.97 (0.91, 0.99)
(3.7%, 7.8%)
120° knee, 125° hip,
120° knee, 125°
and mid-thigh barbell hip, and mid-thigh
position
barbell position
Peak force:
Peak force: 11.1%
0.84 (0.59, 0.94)
(8.1%, 17.7%)
120° knee, 145° hip,
120° knee, 145°
and mid-thigh barbell hip, and mid-thigh
position
barbell position
Peak force:
Peak force: 8.0%
0.92 (0.78, 0.97)
(5.9%, 12.7%)

Haines et al.
[31]

17 male
adolescent
athletes

2 consecutive
days

8 practice
sessions

2 sub-maximal test
attempts

500 Hz

Knee: 145–150°
Hip: not
reported

Study

Sample

Aben et al.
[21]

10 male rugby
league players

Comfort et
al. [26]

Warm-up protocol
Dynamic warm-up
including lunges, leg
swings and other
exercises

Biology

of

Peak force:
0.87 (0.71, 0.95)
Peak force (relative):
0.73 (0.45, 0.88)

Peak force: 6.4%
(4.9%, 9.4%)
Peak force
(relative): 6.4%
(5.0%, 9.4%)
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TABLE 1. Continue
Time between
testing sessions

Familiarization

Sampling
rate

Hip and knee
angle

ICC
(95% CI)

CV
(95% CI)

15
recreationally
active males

2–7 days

Practice
before the
main
attempts

3 sets of
5 repetitions of
dynamic mid-thigh
clean pulls using
30–50% of 1RM

1000 Hz

Knee:
141.9 ± 4.3°
Hip:
139.2 ± 4.1°

Peak force:
0.96 (0.90, 0.98)

Peak force: 3.1%
(2.4%, 4.6%)

Moeskops et
al. [33]

19 pre-PHV
and
19 post-PHV
female athletes

At least 1 day

1 practice
session

10 minute dynamic
warm-up

1000 Hz

Knee: 140 ± 5°
Hip: 135 ± 5°

Pre-PHV athletes
Peak force:
0.95 (0.83, 0.98)
Peak force (relative):
0.81 (0.58, 0.92)
Post-PHV athletes
Peak force:
0.92 (0.80, 0.97)
Peak force (relative):
0.81 (0.57, 0.92)

Pre-PHV athletes
Peak force: 10.2%
(7.6%, 15.5%)
Peak force
(relative): 10.1%
(7.5%, 15.3%)
Post-PHV athletes
Peak force: 6.7%
(5.0%, 10.0%)
Peak force
(relative): 7.3%
(5.5%, 11.0%)

Sawczuk et
al. [34]

59 youth sport
athletes (39
males and
20 females)

7 days

Prior
experience
with the
exercise

2 test attempts at
50% and 75% of
perceived maximum

Not reported

5.5% (4.5%, 6.9%)

Sheppard et
al. [35]

18 athletes (15
males and
3 females)

2 days

1 practice
session

Skipping for 5-min,
and 2 sets of
10 bodyweight
squats

200 Hz

Knee: 130°
Hip: 155–165°

Peak force: 0.99

Peak force: 2.0%

Suarez et al.
[36]

13
resistancetrained men

7 days

Prior
experience
with the
exercise and
1 practice
session

2 test attempts at
50% and 75% of
perceived maximum

1000 Hz

Knee: 120–130°

Short duration
protocol
Peak force:
0.95 (0.85, 0.99)
Long duration
protocol
Peak force:
0.96 (0.89, 0.99)

Short duration
protocol
Peak force: 5.1%
(3.7%, 8.4%)
Long duration
protocol
Peak force: 4.1%
(2.9%, 6.8%)

Thomas et
al. [19]

19 male college
athletes

2 days

2 practice
sessions

2 test attempts at
50% and 75% of
perceived maximum

600 Hz

Self-selected
knee and hip
angles

Peak force: 0.95

Peak force: 3.8%

Thomas et
al. [37]

17 adolescent
athletes (8
males and
9 females)

7 days

1 practice
session

2 test attempts at
50% and 75% of
perceived maximum

1000 Hz

Self-selected
knee and hip
angles

Bilateral
Peak force: 0.86
Peak force (relative):
0.86
Single leg (left)
Peak force: 0.94
Peak force (relative):
0.89
Single leg (right)
Peak force: 0.96
Peak force (relative):
0.94

Bilateral
Peak force: 6.8%
Peak force
(relative): 6.8%
Single leg (left)
Peak force: 4.0%
Peak force
(relative): 4.0%
Single leg (right)
Peak force: 3.4%
Peak force
(relative): 3.4%

Thomas et
al. [38]

16 female
netball athletes

7 days

Prior
experience
with the
exercise

2 test attempts at
50% and 75% of
perceived maximum

600 Hz

Knee: 130–150°
Hip: 140–160°

Single leg (left)
Peak force:
0.95 (0.89, 0.98)
Peak force (relative):
0.92 (0.82, 0.97)
Single leg (right)
Peak force:
0.97 (0.93, 0.99)
Peak force (relative):
0.94 (0.87, 0.98)

Single leg (left)
Peak force: 4.9%
(3.8%, 7.1%)
Peak force
(relative): 4.9%
(3.8%, 7.1%)
Single leg (right)
Peak force: 4.2%
(3.2%, 6.0%)
Peak force
(relative): 4.2%
(3.2%, 6.0%)

Study

Sample

James et al.
[32]

Warm-up protocol

Not reported Knee: 120–135°
Hip: not
reported

PHV: peak height velocity; ICC: intraclass correlation coefficient; CV: coefficient of variation; CI: confidence interval; 1RM: one-repetition
maximum
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TABLE 2. Methodological quality assessment of the included studies using the COnsensus-based Standards for the selection of health
Measurement Instruments (COSMIN) checklist
Study

Item
1

Item
2

Item
3

Item
4

Item
5

Item
6

Item
7

Item
8

Item
9

Item
10

Item
11

TS

Aben et al. [21]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Comfort et al. [26]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Comfort et al. [27]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

De Witt et al. [9]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Dos’Santos et al. [28]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Dos’Santos et al. [29]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Guppy et al. [30]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Haines et al. [31]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

James et al. [32]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Moeskops et al. [33]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Sawczuk et al. [34]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

No

8

Sheppard et al. [35]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Suarez et al. [36]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Thomas et al. [19]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Thomas et al. [37]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

Thomas et al. [38]

Yes

Yes

No

Yes

Unclear

Yes

Yes

Yes

Yes

No

Yes

9

TS: total score

Reliability of bilateral isometric mid-thigh pull

38% of ICCs were ≥ 0.90, and 88% of ICCs were ≥ 0.75. The range

Fifteen studies explored the reliability of peak force in the bilateral

of reported CVs was from 3.4% to 10.1% (median CV = 5.7%),

isometric mid-thigh pull. The respective ICCs ranged from 0.73 to

where 50% of CVs were ≤ 5%.

0.99 (median ICC = 0.96), where 75% of ICCs were ≥ 0.90, and
97% of ICCs were ≥ 0.75. The range of reported CVs was from 0.7%

Systematic changes in results between repeated measurements

to 11.1% (median CV = 5.3%), where 43% of CVs were ≤ 5%.

Ten studies [21, 27–33, 36, 37] examined if there were any systematic changes in the results between the test and retest sessions.

Reliability of unilateral isometric mid-thigh pull

Eight studies did not find significant differences between the testing

Two studies explored the reliability of peak force in the unilateral

sessions. One study [29] found higher peak force values in the first

isometric mid-thigh pull. They reported separate ICCs for both limbs.

testing session, and one study [33] found higher values in the second

The ICCs ranged from 0.89 to 0.97 (median ICC = 0.94), where

testing session.

88% of ICCs were ≥ 0.90. The range of reported CVs was from 3.4%
to 4.9% (median CV = 4.1%), where all of CVs were ≤ 5%.

DISCUSSION
The main finding of this review is that peak force assessment in the

Reliability of absolute peak force

isometric mid-thigh pull exercise has good-to-excellent test-retest

Sixteen studies explored the reliability of absolute peak force. The

reliability. The reliability is good-to-excellent for both absolute and

respective ICCs ranged from 0.84 to 0.99 (median ICC = 0.97),

relative peak force and for both bilateral and unilateral isometric

where 88% of ICCs were ≥ 0.90. The range of reported CVs was

mid-thigh pull tests. The majority of studies did not find significant

from 0.7% to 11.1% (median CV = 4.6%), where 61% of CVs

differences in peak force between testing sessions. From a practical

were ≤ 5%.

perspective, we conclude that sport and exercise practitioners can
use the bilateral and unilateral isometric mid-thigh pull tests as reli-

Reliability of relative peak force

able measures of relative and absolute peak force. Additionally, prac-

Four studies explored the reliability of relative peak force. The respec-

titioners should also consider that peak force values obtained in this

tive ICCs ranged from 0.73 to 0.94 (median ICC = 0.88), where

test do not seem to change systematically between repeated measures.
Biology
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The position of knees and hips during the isometric mid-thigh pull

not use a familiarization session, but they included participants who

test is an important methodological aspect often discussed in previ-

had prior experience with this specific test (Table 1). Similar reli-

ous research [4]. One study evaluated peak force values produced

ability values were observed across all studies, which would suggest

during this test when using a “bent” position (125° knee and 125°

that familiarization with this test might not be of major importance,

hip angles) and an “upright” position” (125° knee and 145° hip

as long as participants have prior experience with the test. Indeed,

angles) [44]. Peak force was substantially higher when using the

one study [32] included recreationally active participants and did

“upright” position [44]. This variation in peak force production indi-

not use a familiarization session, as the authors only allowed two

cates that knee and hip angles are highly relevant for this test.

practice attempts with the mid-thigh pull exercise as a part of the

However, it seems that the test-retest reliability of peak force is

warm-up. Despite the lack of familiarization session, this study re-

generally good-to-excellent, regardless of the specific angles used,

ported an ICC of 0.96 and a CV of 3.1%, indicating a high reliabil-

as long as they are standardized. This has been thoroughly explored

ity of the test. These results suggest that familiarization with the test

by Comfort et al. [26], who evaluated reliability while using nine

may be incorporated in the warm-up exercise before the main at-

different knee and hip angle combinations. Knee and hip angles in

tempts. Such approach may save time. However, optimal practice

their study ranged 120°-150° and 125°-145°, respectively. Addition-

is to include at least one separate familiarization session [4].

ally, the participants in their study were allowed to self-select their

Some maximum strength tests are somewhat affected by system-

preferred position for the test. All ICCs for peak force from this study

atic changes in results between repeated measurements. For ex-

were very high, ranging from 0.98 to 0.99, which indicates that

ample, a recent review of the reliability of the 1RM test found that

reliability is not significantly affected by changes in knee and hip

34% of 32 included studies reported systematic changes between

angles. Another study [29] used two different positions (145° knee

the test and retest sessions [43]. Specifically, with the 1RM test,

and 145° hips vs. 145° knee and 175° hips) and also observed very

there seems to be a small learning effect, given that the participants

high reliability (ICC: 0.97; CV: 4.5% to 5.1%) for both variants of

tend to perform better in the second testing session. Ten studies

the test. Therefore, while the reliability of peak force does not seem

included in the current review examined potential differences in per-

to be affected by different hip and knee angle combinations, practi-

formance between the testing sessions, and only two found significant

tioners should consider that optimal results in the isometric mid-thigh

changes. In one study [29], peak force was higher in the first session,

pull are obtained when using a knee angle of 125–145° and a hip

while in the other study, peak force was higher in the second ses-

angle of 140–150°, respectively [4].

sion [33]. Regardless of the direction, the differences between test-

When initially developed, the isometric mid-thigh pull was per-

ing sessions were small (Cohen’s d: 0.21 to 0.29). Additionally, if

formed bilaterally [3, 4]. However, this test variation does not provide

there is any learning effect for peak force in the isometric mid-thigh

data on the isolated limb’s force production capability. Therefore,

pull test, it might be age-dependent. One study included a group of

researchers have designed a unilateral version of the isometric mid-

pre-peak height velocity (age: 8.0 ± 2.0 years) and a group of post-

thigh pull test. Assessing muscle asymmetry by using the unilateral

peak height velocity (age: 14.6 ± 1.5 years) female athletes [33].

version of this test may be of substantial practical importance, given

Systematic changes between the test and retest sessions were ob-

that lower limb strength imbalance may be associated with a high-

served only in the pre-peak height velocity group. To enable drawing

er risk of injury [45]. Additionally, some common movements in sport

sound conclusions about possible age-dependency of the learning

(e.g., sprinting and change of direction) are also unilateral. Still, it

effect, these findings have to be confirmed in future studies.

should be considered that factors such as balance during the test
may impact performance and, subsequently, the reliability of the

Limitations

unilateral version of this test. While only two studies [37, 38] explored

In this review we focused primarily on the test-retest reliability of

the test-retest reliability of peak force using the unilateral isometric

peak force in the isometric mid-thigh pull. We opted to focus spe-

mid-thigh pull, both of them found good-to-excellent reliability. How-

cifically on this variable, because it is commonly found to be highly

ever, given that the populations in these two studies included ado-

correlated with various aspects of dynamic exercise performance [4].

lescent athletes and netball players, more research on this topic is

However, focusing only on peak force might be considered as a lim-

needed. Future studies should also explore the reliability of this test

itation of our review, given that several other biomechanical variables,

among older adults, given that a lack of strength symmetry may

such as impulse, rate of force development, and force at specific

increase gait variability, gait asymmetry, and risk of falls in this

time points can be obtained from isometric mid-thigh pull testing [4].

population, making the unilateral isometric mid-thigh pull test a po-

Information about the reliability of these variables can be found in

tentially very useful diagnostic tool [46].

the narrative review by Brady et al. [47].

Current recommendations for exercise testing are that participants

There are different types of ICC, each designed for specific pur-

should be familiarized with the testing protocol [25]. Out of the

poses [40]. When calculated from the same data, six different types

16 included studies, 10 incorporated at least one familiarization

of ICC ranged from 0.51 to 0.87 [48]. While the selection of an

session as a part of their study designs (Table 1). Five studies did

adequate type of ICC is undoubtedly important, only two included
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studies [21, 27] explicitly stated which type of ICC they used, which

CONCLUSIONS

is another limitation of this review that should be considered. Future

Given that the majority of 16 studies included in this review re-

primary studies should specify the ICC type used in the analysis of

ported ICCs of ≥ 0.90 and CVs of ≤ 5%, it can be concluded that

reliability, to allow for better-informed comparisons of results between

the isometric mid-thigh pull maximum strength assessment has good-

studies.

to-excellent test-retest reliability. The reliability is good-to-excellent
for both absolute and relative peak force assessments and for both

Methodological quality

bilateral and unilateral isometric mid-thigh pull tests. The majority

The included studies were classified as being of good-to-excellent

of studies did not find significant differences in peak force between

methodological quality, based on the COSMIN checklist. Still, it should

testing sessions. From a practical perspective, we conclude that sport

also be considered that none of the studies satisfied item 3 on the

and exercise practitioners can use the bilateral and unilateral isomet-

COSMIN checklist, which refers to the adequacy of sample size.

ric mid-thigh pull tests as reliable measures of relative and absolute

According to the COSMIN checklist, at least 100 participants should

peak force. Additionally, practitioners should also consider that peak

be included in studies on test-retest reliability [42]. However, this

force values obtained in this test do not seem to change systemati-

threshold can be considered arbitrary, given that the required sample

cally between repeated measures.

size will, in addition to the number of measurements, also depend
on the expected ICC, significance level, and the acceptable width of
the confidence interval. For example, according to the equation provided by Bonett [49], for an expected ICC of 0.95 with a width of
the 95% confidence interval of ± 0.03 the required sample size is
42 participants, while for the width of the 95% confidence interval
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