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Abstract.

BACKGROUND: Imbalance or decreased trunk strength has been associated with non-specific low back pain (NSLBP).
OBJECTIVE: This systematic review aimed (I) to evaluate the quality of evidence of studies evaluating the reliability of trunk
strength assessment with an isokinetic dynamometer in NSLBP patients, (II) to examine the reliability of trunk strength assessment
using an isokinetic dynamometer in NSLBP patients and (III) to determine the most reliable protocol for trunk strength assessment
in NSLBP patients.

METHOD: PRISMA guidelines were followed. Three databases were used: PubMed, Scopus, and Web of Science with the
following keywords: Isokinetic, Dynamometer, Trunk strength testing, Muscle testing, Isokinetic measurement, CORE, Abdominal
muscles, Abdominal wall, Torso, Trunk, Spine, Reliability and, Reproducibility. We included only test-retest studies, focused on
the reliability of isometric and isokinetic strength assessed with an isokinetic dynamometer in NSLBP adults’ patients, published
in English and from inception to March 30, 2021. The methodological quality was evaluated with the CAT scale and QAREL
checklist.

RESULTS: Five hundred and seventy-seven articles were retrieved, of which five are included in this review. Three articles
provide good quality of evidence, the reliability of trunk strength assessment in NSLBP patients is excellent, and the most reliable
protocol for isometric assessment is in a seated position (ICC = 0.94-0.98) and for isokinetic strength in standing position, at
60°/s and 120°/s (ICC = 0.98).

CONCLUSION: There is good quality evidence regarding the trunk strength assessment’s reliability. Reliability is excellent in
NSLBP patients; however, a familiarization process should be considered to obtain clinically reliable data. The most reliable
protocol is in a seated position for isometric strength and a standing position for isokinetic strength.

Keywords: Reproducibility, test re-test, torso, core muscles, trunk strength testing, back pain
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ing causes of years lived with disability [1]. In addi-
tion; it has been associated with other musculoskeletal
injuries, such a fragility fractures [2,3] and poor quality
of life [4]. In 2017, LBP affected 577 million people
worldwide [5]. LBP is defined as pain, muscle tension,
or stiffness between the lower costal edge and the lower
limit of the gluteal fold, with or without irradiation [4].
In addition, it can be characterized in terms of tempo-
rality as acute pain, less than six weeks, subacute, and
chronic, when the pain extends beyond 12 weeks [6,7].
It has been estimated that LBP will affect 90% of the
population at least once in their lives [8,9]. Of these
acute episodes, most will recover within two weeks.
However, about 70% will have recurrences, of which
40% will need to use health services [10], and it is ex-
pected that at least 5% of these patients with low back
pain will develop chronic low back pain (cLBP) [11].

LBP is understood as multifactorial and involves sev-
eral risk factors [12]. Thus, LBP is classified as spe-
cific when the anatomical structure can be identified,
as in the presence of fractures, metastases, infections,
etc. [13]. However, in 90% of the cases, it is impos-
sible to find an anatomical cause, so it is called non-
specific low back pain (NSLBP) [13]. However, sev-
eral risk factors can be attributed to the development of
NSLBP, such as the altered neuromuscular response of
the trunk [14,15], deconditioning of the lumbar mus-
culature [16,17], the reduced muscle mass [18], imbal-
ance, and reduced trunk flexors and extensors muscle
strength [19,20].

Concerning trunk strength, there are records of
its assessment since the 1940s [21]. Multiple eval-
uation systems have been developed to assess trunk
strength [22-24], with isokinetic evaluation being the
gold standard [25]. The measurement of trunk strength
with an isokinetic dynamometer can be performed iso-
metrically, at different angular positions, and isokineti-
cally, i.e., at different angular velocities [26]. This type
of assessment has proven valid for measuring trunk
strength [27]. However, the assessments need to be re-
liable given the importance of trunk strength in health
and performance. Reliability is defined as the consis-
tency of measurements or the absence of measurement
errors [28]. Reliability can be relative (intraclass cor-
relation coefficient (ICC)) or absolute (standard error
of measurement (SEM) or the coefficient of variation
(CV)). Relative reliability indicates how similar the
rank orders of the participants in the test are to the
retest [29], whereas absolute reliability is related to the
consistency of individual scores [30,31]. For this, reli-
able measurements are relevant in sports medicine and

research [31,32] to objectively reflect the increase or de-
crease in strength rather than the product of procedural
or equipment error.

Recently, Estrazulas et al. [33] reviewed the protocols
for isokinetic and isometric measurements using a dy-
namometer in healthy subjects, recommending a proto-
col in seated and standing positions to increase the relia-
bility of these measurements. Unfortunately, the results
are contradictory in subjects with LBP since Gruther et
al. [34], when comparing the isometric and isokinetic
trunk assessment in healthy subjects and those with
LBP, reported low reliability and therefore did not rec-
ommend this type of assessment in LBP patients. How-
ever, Verbrugghe et al. [35] reported substantial relia-
bility (ICC = 0.93-0.98; SEM 5.5%-9.3%) in isomet-
ric trunk assessment using an isokinetic dynamometer
when comparing healthy subjects with LBP patients.

Thus, the reliability of isokinetic trunk strength as-
sessment in healthy subjects is well established; how-
ever, given the characteristics of pain and muscle func-
tion in LBP patients, to the best of our knowledge, the
reliability of the trunk strength assessment using an
isokinetic dynamometer in this type of patient has not
been proven. Nevertheless, it is important from a clini-
cal and researchers’ point of view since reliable mea-
surements allow a better evaluation and monitoring of
objective parameters, such as trunk strength, in these
patients. Therefore, the aims of the present systematic
review were: (I) to evaluate the quality of evidence of
studies evaluating the reliability of trunk strength as-
sessment with an isokinetic dynamometer in NSLBP
patients, (II) to examine the reliability of trunk strength
assessment using an isokinetic dynamometer in NSLBP
patients and (III) to determine the most reliable proto-
col for trunk strength assessment using an isokinetic
dynamometer in NSLBP patients.

2. Method

The Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines were
used [36]. PRISMA was designed to help researchers
transparently report why the review was done, what
the authors did, and what they found (Supplementary
Table S1). The protocol for this review was registered
in PROSPERO (CRD42021247943).

2.1. Study search

The search was performed by two authors (WR-F and
DJ-M). The databases used were PubMed, Scopus, and
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Web of Science. The search was performed on March
30th, 2021, with no restriction on publication dates, i.e.,
from inception until March 2021. The following key-
words were included: “Isokinetic”, “Dynamometer”,
“Trunk strength testing”, “Muscle testing”, “Isokinetic
measurement”, “CORE”, “abdominal muscles”, “ab-
dominal wall”, “torso”, “trunk”, “Spine”, “Reliability”,
“Reproducibility”. We also manually searched the ref-
erences of selective articles to identify additional poten-
tially relevant studies. The search strategy is presented

in Supplementary Table S2.
2.2. Eligibility criteria

Articles that met the following criteria were included
in this review: (I) subjects > 18 years old, (II) subjects
with NSLBP, (II) studies with repeated measures de-
sign assessing isokinetic trunk flexors and extensors
strength, (IV) studies reporting measures of reliability:
coefficient of variation (CV), intraclass correlation in-
dex (ICC), standard error (TE), standard error of mea-
surement (SEM), minimum detectable change (MDC)
or Pearson correlation (r), (V) full text available, and
(VI) articles in English. In addition, we excluded all
those articles that (I) only considered healthy subjects
or subjects with specific LBP, (I) conference presen-
tations, theses, books, editorials, review articles and
expert opinions, (IIT) duplicate articles, and (IV) arti-
cles in which the principal or secondary authors did not
respond to e-mail requests.

2.3. Study selection

The articles retrieved from the search were entered
into the Rayyan QCRI application [37], an app that
assists the article selection process, optimizing re-
view time and allowing collaborative work among re-
searchers (available for free at http://rayyan.qcri.org,
accessed on 27 May 2021). Rayyan QCRI is very easy
to learn how to use, with an intuitive and user-friendly
interface [38], and has been previously used in system-
atic reviews [39].

Duplicate articles were eliminated, and two investi-
gators (WR-F and DJ-M) independently reviewed titles
and abstracts to identify articles that met the eligibility
criteria. In case of discrepancies, a third investigator
(LC-R) was consulted and resolved by consensus. Fi-
nally, the selected articles were read in total, and the
reference list was reviewed for relevant articles that
could be included.

2.4. Quality of evidence assessment

Two authors (WR-F and AR-P) independently as-
sessed the quality of evidence of the articles included
in this review; in case of discrepancies, a third assessor
(LC-R) was consulted and resolved by consensus. The
Critical Appraisal Tool (CAT) scale was used to assess
the quality of the evidence of the studies included in
this review [40] and the Quality Appraisal for Relia-
bility Studies (QAREL) checklist [41]. The agreement
rate be-tween the reviewers was calculated using kappa
statistics.

The CAT is a scale developed to evaluate the method-
ological quality of studies that verify the validity and
reliability of objective clinical tools [40] and contains
13 items categorized as “yes” if the information is de-
scribed in sufficient detail, “no” when the information
is not clear enough, or “not applicable.” In addition,
five items are related to validity and reliability, four to
validity, and four to reliability only. For this reason,
only nine items were considered in this review. Finally,
the percentage of the evaluation was calculated ((Items
“yes” x 100)/9), assuming a maximum of 100% (nine
items), which was the highest methodological quality.
Studies that scored over 45% were considered to be of
high quality [42].

The quality appraisal tool for studies of diagnostic
reliability (QAREL) checklist is an assessment tool
for evaluating the quality of diagnostic reliability stud-
ies [41]. QAREL contains 11 items encompassing seven
key domains (subjects, examiners, examiner blinding,
order of assessment, time interval between repeated
measurements, test application and interpretation, and
statistical analysis). Each item is labeled as “yes”, “no”,
or “unclear”. In addition, some items include the option
“not applicable.” Quality was calculated ((Items “yes”
x 100)/11), and the maximum value was 100%. Based
on previous studies [42—44], a score higher or equal to
60% was considered high quality.

3. Results

No systematic reviews with a similar objective to the
present study were found. From the initial search, 577
articles were found (Fig. 1), of which 201 articles were
eliminated because they were duplicates. After evaluat-
ing titles and abstracts, 366 articles did not meet the in-
clusion criteria, leaving ten articles for full-text reading.
Of the ten articles, one was not available because the
authors could not be contacted. In addition, three arti-
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Fig. 1. PRISMA flowchart [63].

cles were in languages other than English (German and
Turkish), one did not evaluate subjects with NSLBP,
and another compared inter-rater reliability. One addi-
tional article was identified from other sources. Finally,
five studies were included in this systematic review.

3.1. Characteristics of the articles included

The sample size among the studies ranged from
39 [35] to 66 [34] subjects, with ages ranging from
32 [45]to 45.1 [46] years and with a total of 141 patients
with NSLBP. The initial test and retest were performed
between two days [47] and three weeks [34].

Two of the five included articles were evaluated in
a seated position [34,35], while three were assessed
in a standing position [45-47]. Regarding the type
of contraction, two evaluated the isometric flexors
and extensors strength (seated and at 20°, 60°, and
100°) [34,35], four evaluated isokinetic strength at ve-
locities of 90°/s [34], 60°/s, 90°/s y 120°/s [46,47].
Meanwhile, one study evaluated only the isokinetic ex-
tensors strength at 60°/s, 120°/s, and 150°/s [45]. All
studies analyzed peak torque except Keller et al. [45],
who considered total work (Nm) (Table 1).

3.2. Quality of evidence

In this review, 85 items (85%) were evaluated in an
agreement between two investigators. 8§2.2% for the
CAT scale and 87.2% for the QAREL checklist. The
remaining 15% was decided by consensus. Considering

the total number of items evaluated, the kappa agree-
ment rate between reviewers was 0.82.

The quality of evidence of the articles using the CAT
scale varied between 44% and 67%, with a maximum
of 100%. Three articles were classified as high quality
(Table 2).

Concerning the QAREL checklist, the quality of the
articles varied between 36% and 55%, with a maximum
of 100%. None of the articles were classified as high
quality (Table 3).

For the sample used, all the studies retrieved in this
review describe it correctly and represent the popula-
tion to be studied. As for the evaluators, four studies
describe their qualifications, while Gruther et al. [34]
only explain that it was a study assistant. Regarding
the evaluation blinding, only Newton et al. [47] specify
that the evaluator was blinded from the results of the
clinical and psychometric assessments. However, it is
not clear whether they were blinded from the results of
their assessments, baseline values, extra clinical infor-
mation, or other characteristics of the subjects under
study. The remaining studies do not provide sufficient
details about blinding. None of the studies varied the
order of the assessments; however, all studies respected
the theoretical stability of the evaluation to perform
the retest. Newton et al. [47] and Gruther et al. [34]
did not clearly specify the position, familiarization, and
rest times between assessments regarding the protocol.
However, all applied and interpreted the evaluation cor-
rectly. Regarding withdrawals during the test, all, ex-
cept for Keller et al. [45] and Hupli et al. [46], explained
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Table 2
Evaluation of the quality of the studies with clinical evaluation tool (CAT)

4 5 6 7 8 9 %o

Study 1 2 3
Verbrugghe et al. [35] Yes Yes No
Gruther et al. [34] Yes No NA
Keller et al. [45] Yes Yes NA
Hupli et al. [46] Yes Yes NA
Newton et al. [47] Yes Yes Yes

No No Yes Yes Yes Yes 67
No No Yes No Yes Yes 44
No No Yes Yes No Yes 56
No No Yes Yes No No 44
No No Yes No Yes Yes 67

%: (Items “yes” x 100)/9; 1. If human subjects were used, did the authors give a detailed description
of the sample of subjects used to perform the isokinetic test on? 2. Did the author clarify the
qualification, or competence of the rater(s) who performed the isokinetic test? 3. If interrater
reliability was tested, were raters blinded to the finding of the other raters? 4. If intrarater reliability
was tested, were raters blinded to their own prior findings of the test under evaluation? 5. Was the
order of examination varied? 6. Was the stability (or theoretical stability) of the variable being
measured taken into account when determining the suitability of the time interval between repeated
measures? 7. Was the execution of the test described in sufficient detail to permit replication of the
test? 8. Were withdrawals from the study explained? 9. Were the statistical methods appropriate for
the purpose of the study? %: final percentage of reliability. NA: not applicable.

Table 3
Evaluation of the quality of the studies with Quality Appraisal of Reliability Studies (QAREL)

Study 1 2 3 4 5 6 7 8 9 10 11 %
Verbruggheetal. [35] Yes Yes UC UC UC UC UC No Yes Yes Yes 45
Gruther et al. [34] Yes UC No UC UC UC UC No Yes Yes Yes 36
Keller et al. [45] Yes Yes NA UC UC UC UC No Yes Yes Yes 45
Hupli et al. [46] Yes Yes NA UC UC UC UC No Yes Yes No 36
Newton et al. [47] Yes Yes Yes UC UC UC UC No Yes Yes Yes 55

%: (Items “yes” x 100)/11; Was the test evaluated in a sample of subjects who were representative of those to
whom the authors intended the results to be applied? 2. Was the test performed by raters who were representative
of those to whom the authors intended the results to be applied? 3. Were raters blinded to the findings of other
raters during the study? 4. Were raters blinded to their own prior findings of the test under evaluation? 5. Were
raters blinded to the results of the reference standard for the target disorder (or variable) being evaluated? 6. Were
raters blinded to clinical information that was not intended to be provided as part of the testing procedure or study
design? 7. Were raters blinded to additional cues that were not part of the test? 8. Was the order of examination
varied? 9. Was the time interval between repeated measurements compatible with the stability (or theoretical
stability) of the variable being measured? 10. Was the test applied correctly and interpreted appropriately?
11. Were appropriate statistical measures of agreement used? Yes; No; UC: unclear; NA: not applicable.

the dropouts. All studies used relative reliability (ICC),
except Hupli et al. [46], which only used the ¢-test and
Pearson’s correlation.

3.3. Reliability

The evaluation’s reliability was estimated in all the
articles with the ICC, except in the study by Hupli et
al. [46] in which the percentage of change was used.
In this review, to classify relative reliability, we used
the criteria proposed by Koo et al. [48] for the ICC: <
0.50, poor; between 0.50 and 0.75, moderate, between
0.75 and 0.90 good; above 0.90, excellent. Overall, the
ICC values ranged between 0.81 and 0.98 for patients
with NSLBP and 0.91 to 0.98 for healthy subjects. For
isometric strength assessment, the ICC values ranged
between 0.81-0.98 for patients with NSLBP and 0.94—
0.97 for healthy subjects. In the isokinetic assessment,

the ICC varied between 0.95-0.98 and 0.91-0.98, re-
spectively (Table 4).

Only Verbrugghe et al. [35] provide absolute relia-
bility values through the standard error of measurement
(SEM) and Keller et al. [45] through the coefficient of
variation (CV).

Regarding the most reliable protocol for evaluating
LBP patients, for the isometric testing, the highest reli-
ability was reported by Verbrugghe et al. [35] evaluat-
ing in a seated functional position (semi-flex), three se-
ries of five seconds, with excellent reliability values for
both flexion (ICC = 0.98; SEM = 6.0%) and extension
(ICC = 0.94; SEM = 8.9%). For the isokinetic evalu-
ation, considering peak torque, the most reliable pro-
tocol for trunk flexors was that reported by Newton et
al. [47] in standing position, knees 15° of semi-flexion
and the axis of rotation adjusted at L5-S1, range of mo-
tion (ROM) of 60°, concentric mode and velocities of
60°/s, 90°/s, and 120°/s with an ICC of 0.98. For trunk
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Table 4
Reliability of trunk flexion and extension strength of the studies
Author Evaluation parameters Mean ENII})/(SD) Mean (Nm)/(SD) ICC (CI 95%) Otl}er
test 2 test measures
Verbrugghe Semiflex — isometric ext (H) 238.3 (89.3) 247.8 (92.8) 0.94 (0.85-0.98) SEM 8.9%
et al. [35] MDC 61.3
Isolated lumbar isometric ext (H) 232.2 (86.7) 239 (87.7) 0.97 (0.93-0.99) SEM 6.4%
MDC 40.9
Semiflex — isometric flex (H) 150.6 (55.5) 152.9 (55.9) 0.97 (0.91-0.99) SEM 5.8%
MDC 29.8
Isolated lumbar isometric flex (H) 104.2 (35.4) 106.3 (34.1) 0.94 (0.84-0.98) SEM 8.2%
MDC 23.4
Semiflex — isometric ext (LBP) 269.5 (95.6) 268.3 (93.1) 0.94 (0.86-0.98) SEM 8.9%
MDC 66.9
Isolated lumbar isometric ext (LBP) 244 (83.3) 249.2 (87.3) 0.93 (0.83-0.97) SEM 9.3%
MDC 62.7
Semiflex — isometric flex (LBP) 155.2 (58.3) 155.4 (55.4) 0.98 (0.95-0.99) SEM 6.0%
MDC 25.0
Isolated lumbar isometric flex (LBP) 108.2 (32.1) 108.4 (34.5) 0.97 (0.92-0.99) SEM 5.5%
MDC 16.4
Gruther et Isometric ext 20° (LBP) 160.2 (58.0) 161.6 (68.0) 0.85 p =0.856
al. [34] Isometric ext 60° (LBP) 171.7 (53.6) 128.2 (63.2) 0.85 p =0.136
Isometric ext 100° (LBP) 163.9 (62.8) 179.1 (73.7) 0.81 p = 0.098
Isometric flex 20° (LBP) 28.1 (31.2) 35.2 (33.0) - p = 0.036*
Isometric flex 60° (LBP) 69.6 (37.9) 81.8 (44.2) - p =0.019*
Isometric flex 100° (LBP) 77.5 (35.5) 95.2 (35.7) - p =0.001*
Concentric ext 90°/s (LBP) 87.7 (74.3) 117.9 (87.9) - p = 0.006*
Concentric flex 90°/s (LBP) 50.5 (35.5) 63.8 (38.1) - p = 0.008*
Keller et Concentric ext 60°/s (H) 140 (118-158)# 137 (111-165)# 0.96 CV 10%
al. [45) CD 27%
Concentric ext 120°/s (H) 1847 (1525-2421)# 1911 (1405-2284)#  0.98 CV 8%
CD 21%
Concentric ext 150°/s (H) 105 (76-143)# 112 (81-142)% 0.96 CV 14%
CD 39%
Concentric ext 60°/s (LBP) 162 (124-197)% 151 (126-210)% 0.98 CV 10%
CD 28%
Concentric ext 120°/s (LBP) 2061 (1421-2510)# 1971 (1444-2637)#  0.97 CV 14%
CD 38%
Concentric ext 150°/s (LBP) 100 (59-121)# 90 (49-137)# 0.95 CV 23%
CD 63%
Hupli et Concentric ext 60°/s- 90°/s & 120°/s (H) - - - -
al. [46] Concentric flex 60°/s- 90°/s & 120°/s (H) - - - -
Concentric ext 60°/s- 90°/s & 120°/s (LBP) - - -
Concentric flex 60°/s- 90°/s & 120°/s (LBP) - - - -
Newton Concentric ext 60°/s (H) 142.9 (—)} 148.5 (=) 0.98 -
etal. [47]  Concentric ext 90°/s (H) 132.4 (—)} 136.0 (—)* 0.94 -
Concentric ext 120°/s (H) 113.4 (—)} 119.6 (—)* 0.91 -
Concentric flex 60°/s (H) 115.8 (—)} 115.8 (—)F 0.94 -
Concentric flex 90°/s (H) 111.9 (—)} 1133 (—)F 0.96 -
Concentric flex 120°/s (H) 103.4 (—)} 107.3 (—)* 0.95 -
Concentric ext 60°/s (LBP) 122.0 (—)} 123.8 (—)% 0.98 -
Concentric ext 90°/s (LBP) 100.9 (—)} 106.5 (—)* 0.97 -
Concentric ext 120°/s (LBP) 81.7 (—)t 84.7 (—)t 0.98 -
Concentric flex 60°/s (LBP) 114.1 (—)} 113.6 (—)* 0.98 -
Concentric flex 90°/s (LBP) 104.0 (—)% 106.0 (—)* 0.98 -
Concentric flex 120°/s (LBP) 88.7 (—)t 100.5 (—)* 0.98 -

Nm: Newton meter peak torque; Ext: extension; Flex: flexion; H: healthy subjects; LBP: low back pain patients; SEM: standard error of
measurement; MDC: minimal detectable change; CV: Coefficient of variation; CD: Critical Difference; *paired ¢-test p < 0.05; ¥ ft-1b; #Median
and (Quartiles) Nm.

extensors, the most reliable protocol considering peak
torque was reported by Newton et al. [47] in concentric
mode but at velocities of 60°s and 120°/s (ICC = 0.98).

However, considering the total work, the most reliable
protocol was that reported by Keller et al. [45] in stand-
ing position, with the pelvis fixed by an adhesive belt
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below the iliac crest, from an upright position to 80°
forward flexion and back to the upright position (ROM
80°), concentric mode at 60°/s with an ICC of 0.98 and
aCV = 10%.

3.4. Adverse outcome from trunk isokinetic assessment

From the reviewed studies, none reported adverse
effects during or after isokinetic strength assessment
in LBP patients. In addition, the assessment did not
increase pain even in the group of patients with severe
LBP [46]. Only one healthy subject had to drop out of
the evaluation for an episode of acute LBP at the initial
isometric evaluation [35].

4. Discussion

The present review aimed to (I) assess the quality of
evidence from studies evaluating the reliability of trunk
strength assessment using an isokinetic dynamometer
in NSLBP patients, (II) examine the reliability of trunk
strength assessment using an isokinetic dynamometer
in NSLBP patients, and (III) determine the most reli-
able protocol in trunk strength assessment in NSLBP
patients. The main findings of this review indicate that
(D) there is good quality evidence from studies regarding
the reliability of trunk strength assessment in patients
with NSLBP, (II) the reliability of isometric and isoki-
netic assessment of trunk flexor and extensor strength
in patients with NSLBP using an isokinetic dynamome-
ter is excellent and (IIT) the most reliable protocol for
isometric assessment is in functional seated (semi-flex)
position, while for isokinetic assessment of flexors and
extensors is in standing position with velocities of 60°/s
and 120°/s and ROM of 60°.

Concerning the quality of the evidence, three of the
five articles retrieved presented good quality evidence
when the CAT scale was used; however, when the
QAREL checklist was used, none of the articles in-
cluded were classified as high quality. This difference
could be explained by the fact that, although both scales
complement each other in the reliability assessment for
objective evaluations [40,41], the QAREL checklist has
36% of its items (four) corresponding to the process of
blinding. In contrast, the CAT scale only considers one
item according to whether intra- or inter-rater reliability
was tested. In the case of this review, all the studies,
except for Newton et al. [47], did not report information
regarding whether or not a blinding process was per-

formed. Hence, they were classified as “unclear,” and
the QAREL checklist assessment score decreased.

Regarding the isometric assessment reliability us-
ing an isokinetic dynamometer in NSLBP patients, the
evidence shows that this type of measurement has ex-
cellent reliability for flexors (ICC = 0.98 (0.95-0.99))
and good to excellent for extensors (ICC = 0.94 (0.86—
0.98)) using the ICC 3.1 and the 95% confidence inter-
val (95% CI) [35]. In addition, when the agreement was
evaluated, SEM values of less than 10% were obtained.
The protocol used by the authors can explain this high
reliability [35], which consisted of a comprehensive
trunk-specific warm-up to familiarize the subjects with
the procedure, followed by an education period on the
correct execution of the test. Grabiner et al. [49] re-
ported variations between 17% and 26.5% in the retest
of subjects with a history of LBP compared to healthy
subjects in the strength evaluation, suggesting that clin-
icians and researchers should provide a substantial fa-
miliarization session when evaluating LBP patients to
obtain clinically reliable data. Another reason for excel-
lent reliability could be because when the assessment is
conducted at zero velocity and with no change in ROM,
there is less possibility of misalignment of the axis of
motion or changes in the position and fixation of the
subjects; this allows for minor variation between the
test and retest. Having reliable protocols for measuring
trunk isometric strength is essential for monitoring in-
terventions in LBP patients but also for detecting indi-
viduals at risk for LBP since the incidence and severity
of LBP is related to isometric and isokinetic weakness
of trunk muscles [19].

Considering high methodological quality studies, the
reliability of the isokinetic assessment of trunk flex-
ors and extensors was also excellent considering the
ICC. However, both Newton et al. [47] and Keller et
al. [45] do not specified the 95% CI. If we thought the
data reported by Keller et al. [45], who only measured
extensor strength as total work (Nm), the most reliable
condition was the concentric mode at 60°/s with an
ICC 0.98 and a CV = 10%. However, it is crucial to
consider that Keller et al. [45] report the reliability of
measurements two and three; since they found statisti-
cally significant differences in the strength between the
first and second measurements. Thus, they did not eval-
uate the reliability and considered it as a learning effect.
Something similar occurs with Newton et al. [47], who
assessed the reliability in a subsample of 20 patients,
reporting a learning effect between evaluation one and
two, so reliability was evaluated between measurement
two and four, reporting excellent reliability for trunk
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flexors and extensors at velocities of 60, 90 and 120°/s
with ICC between 0.97 and 0.98. Gruther et al. [34],
only performed two evaluations separated by two weeks
and reports “a few trials for familiarization,” finding a
significant increase, between 45 and 160%, compared
to baseline in flexors (p = 0.008) and extensors (p =
0.006) concentric isokinetic strength at 90°/s. Hupli et
al. [46], whose does not specify a familiarization pro-
cess in their protocol, reported a variation in strength
between measurements closer to 15% in the mild LBP
group and 43-50% in the severe LBP group. This high-
lights the importance of familiarization when assessing
muscle strength to optimize strength production while
decreasing the learning effect. When familiarization
is not performed, we could underestimate the results.
On the other hand, excessive familiarization could pro-
duce training effects or fatigue without considering the
loss of time in the evaluation [50]. For trunk isokinetic
strength, Roth et al. [51], evaluating young, healthy sub-
jects, reported good reliability (ICC = 0.85-0.96) with
acceptable CVs between day one to day four measure-
ment. However, reliability was lower when comparing
familiarization to day one testing, reaffirming familiar-
ization’s importance in decreasing basal variability, es-
pecially at high velocities. Urzica et al. [52] compared
isokinetic strength measurements on days one, two, and
21 days of admission to a trunk strengthening treatment
in LBP patients. They found significant differences be-
tween day one and day two measurements, possibly at-
tributable to the learning effect, reaffirming the need for
a familiarization process, especially when the isokinetic
evaluation situates the patients in a condition unrelated
to their natural movements.

Regarding the measurement position, when healthy
subjects are testing, the most reliable protocol is in
the standing position, at velocities of 60°/s and 90°/s
with a ROM of 80° in concentric mode [33]. There-
fore, according to this review, the most reliable protocol
for LBP patients is standing at 60°/s and 120°/s and
ROM of 60°. Concerning the variable analyzed, peak
torque has been widely used in healthy subjects [27]
and LBP patients [39]. In this review, all the articles
except for Keller et al. [45] used peak torque to deter-
mine the measurement reliability. Regarding the type of
contraction, it is essential to consider that none of the
articles retrieved in this review evaluated the reliability
of the trunk flexors and extensors eccentric strength
evaluation. Eccentric contraction occurs when the ex-
ternal strength is greater than the muscular strength,
thus plays a vital role in daily life activities and sports,
decelerating the body during movement [53]. Specif-

ically, in the trunk, the spinal erectors are responsible
for initiating the extension movement from the standing
position, while the flexors must eccentrically control
this movement [54,55]. In addition, the extensor group
has a clear eccentric antigravitational function [56]. In
healthy men, eccentric trunk strength reliability is good
to excellent (ICC = 0.78-0.91) [57]. In patients with a
giant ventral hernia, the reliability of eccentric flexor
strength was excellent (ICC = 0.92-0.96) [58].

To our knowledge, the reliability of eccentric trunk
strength in LBP patients has not been probed. There-
fore, we can suggest that determining the reliability of
these measurements is necessary to understand trunk
dynamics in these patients. Finally, from a clinical point
of view, it is essential to note that measuring trunk
strength using an isokinetic dynamometer does not gen-
erate adverse effects or aggravation of pain in LBP pa-
tients. It should encourage clinicians and researchers to
evaluate and monitor these patients. In addition, after
reviewing the evidence, it is clear that the familiariza-
tion process is essential in LBP patients. For this reason,
it would be interesting to determine the best familiar-
ization program in terms of series and repetitions and to
determine whether it should be performed on the same
day or on different days. Given the criticisms regard-
ing unnatural movements during isokinetic assessment
with classical dynamometers [59], it is necessary to
know the reliability of the new generations of isokinetic
dynamometers [60,61], which have a more functional
approach and could be a new assessment option in LBP
patients.

This review is not exempt from limitations; we only
use three databases and include only articles in En-
glish, which may have affected the number of articles
retrieved. In addition, this review considered articles
from two to 28 years old, which did not allow to char-
acterize each study’s sample correctly due to hetero-
geneity in the presentation of the data in each study.
It could be explained by the fact that the standards of
scientific publication have changed, and new guidelines
have been developed [62]. Notwithstanding this, we can
consider as a strength the fact that we reviewed all the
available evidence, with no publication deadline until
March 2021.

5. Conclusion
There is good quality evidence regarding the trunk

strength assessment’s reliability. Reliability is excellent
in NSLBP patients; however, a familiarization process
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should be considered to obtain clinically reliable data.
The most reliable protocol is in a seated position for
isometric strength and a standing position for isokinetic
strength.

Clinical message:

The reliability of trunk strength assessment using
an isokinetic dynamometer is excellent in patients
with low back pain.

— A familiarization process is necessary to obtain
clinically reliable data.

— Trunk strength assessment using an isokinetic dy-
namometer does not produce adverse effects or
aggravation of symptoms in patients with low back
pain.

— Isometric strength should be measured in seated

position, while isokinetic strength should be mea-

sured in standing position, at velocities of 60°/s
and 120°/s.
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