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Abstract.
BACKGROUND: Low back pain is one of the leading causes of disability globally, with a high economic and social burden. A
decrease or imbalance in trunk strength has been associated with the occurrence of low back pain and its severity. Trunk strength
training is helpful in the treatment of Non-specific low back pain (NSLBP) patients. However, we do not know the effects of trunk
isokinetic training (IKT) on pain intensity, disability, and trunk strength.
OBJECTIVE: This systematic review aimed to determine the effects of trunk IKT in NSLBP patients on pain intensity, disability,
and trunk flexor and extensor isokinetic strength.
METHODS: We searched PubMed, Web of Science, Scopus, CENTRAL, and PEDro, from January 2001 until March 2021
and updated to November 2022. Randomized controlled trials (RCTs) that investigated the effect of IKT in adult participants
with NSLBP on pain intensity, disability, or isokinetic trunk strength were included. Mean difference (MD) and 95% confidence
intervals (95% CI) were calculated for pain. Bias was assessed using the Cochrane risk of bias (RoB) tool and evidence certainty
via Grading of Recommendations Assessment, Development and Evaluation (GRADE).
RESULTS: Among 1750 retrieved articles, eight were included in this review. Meta-analysis comparing IKT (trunk isokinetic
training, n = 134) with control groups (conventional exercises, n = 133) revealed that IKT decreases pain intensity (MD −1.50
(95% CI: −2.60; −0.39)) immediately post-intervention, and one month (MD −1.97 (95% CI: −2.92; −1.03)) and at six months
follow-up (MD −2.48 (95% CI: −2.77; −2.19)), although with a very low to low quality according to the GRADE rating. Besides,
IKT decreases disability and increases isokinetic trunk strength, but with scant evidence.
CONCLUSIONS: Trunk IKT could be a novel clinical tool for pain management in patients with NSLBP, although evidence is
scarce. In addition, few RCTs exist for IKT on disability or trunk isokinetic strength in patients with NSLBP. Therefore, further
research on this topic is needed.
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1. Introduction

Low back pain (LBP) is one of the most common
musculoskeletal condition [1,2] and is an alarming
health problem that has increased worldwide [3]. Glob-
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ally, LBP is the leading global cause of years lived
with disability [4]. The prevalence of LBP in 1990 was
377.5 million; however, this increased to 577 million in
2017 [4]. LBP includes pain, muscle tension, or stiff-
ness located below the costal margin and above the
lower gluteal folds, with or without sciatica [5]. It can
be characterized in terms of temporality as acute LBP,
less than six weeks, subacute LBP between 6 and 12
weeks, and chronic LBP, when the pain extends be-
yond 12 weeks [6]. Recurrence of LBP is expected;
with more than two-thirds of individuals (69%) having
a recurrence within 12 months after recovery. Of these,
40% will suffer functional disability or require medical
care [7].

Regarding LBP, 90% of cases do not have a specific
cause, so it is called non-specific LBP (NSLBP) [8].
Despite this, multiple factors have been associated
with the occurrence of NSLBP [9,10], including de-
conditioning the lumbar musculature [11,12], reduced
trunk muscle mass [13], imbalance, and decreased trunk
strength [14,15]. Thus, trunk strengthening has been
proposed for manage LBP patients [16–18]. Further-
more, different trunk training methods have been in-
vestigated, such as motor control exercises [19], core
stabilization [20,21], and strengthening exercises using
an isokinetic dynamometer [22].

The isokinetic dynamometer is the gold standard in
strength assessment [23]. It has been previously used
to assess trunk strength in healthy subjects and NSLBP
patients [24–26]. Given its capacity to develop maxi-
mum strength, the precision with training can be pro-
grammed, and its high reproducibility, it could be con-
sidered a valuable tool for strength training [27]. In
addition, it provides real-time visual and auditory feed-
back, which could benefit treatment adherence and al-
low objective monitoring of training results. The most
distinctive characteristic of this device is the accommo-
dation of the resistance provided by the dynamometer,
which allows for maximal muscle loading throughout
the entire range of motion [28].

Isokinetic training (IKT) helps train the shoul-
der musculature [29] and re-establishing rotator cuff
strength ratios [30]. Furthermore, in lower limbs de-
crease reaction times [31] and increase strength and
symmetry [32], explosive strength [33], muscle mass
and strength post knee surgery [34,35]. Isokinetic trunk
training has been used in different populations. For
example, IKT of the trunk rotator muscles may help
improve the performance of world-class canoe sprint-
ers [36]. In addition, isokinetic trunk muscle strength
training effectively improves muscle function and pro-

prioception in patients with chronic lumbar disc herni-
ation [37]. However, in patients with a history of low
back pain, isokinetic trunk extensor training has not
been shown to decrease LBP recurrences [38]. To our
knowledge, there is no consensus regarding whether
isokinetic trunk training has benefits in NSLBP patients.
Therefore, this review aimed to determine the effects
of isokinetic trunk training on pain intensity, disability,
and isokinetic trunk strength in NSLBP patients.

2. Methods

2.1. Protocol and registration

The PRISMA (Preferred Reporting Items for System-
atic Review and Meta-Analyses guidelines) guidelines
were used [39] (Supplementary Table S1). In addition,
the protocol of this review was registered in PROS-
PERO (International Prospective Register of Systematic
Reviews) (CRD42021247030).

2.2. Search strategy

On March 30, two authors (WR-F and DJ-M) per-
formed the search. The databases used were PubMed,
Web of Science, Scopus, CENTRAL, and PEDro. The
initial search was performed from January 2011 to
March 30th, 2021. The following keywords were in-
cluded: “CORE strengthening”, “trunk strengthening”,
“isokinetic exercise”, “muscle strength”, “dynamome-
ter”, “isokinetic training”, “CORE”, “abdominal mus-
cles”, “abdominal wall”, “torso”, “trunk”, “low back
pain”, “low back ache”, “back pain” and “lumbago”.
Due to the low number of articles retrieved and to iden-
tify the largest number of potential articles for this re-
view, a second search was performed following the
same search strategy between January 2001 and De-
cember 2010. Search strategies are presented in Supple-
mentary Table S2. Bibliographies of previous related
reviews and selected studies were manually screened
for new relevant studies. An update of the search was
conducted until November 17, 2022.

2.3. Eligibility criteria

Articles that met the following criteria were included
in this review: (1) Population: adult participants (age >
18 years) with a medical diagnosis of NSLBP, i.e., low
back pain without an evident pathoanatomical cause;
(2) Intervention: isokinetic trunk flexors and extensors
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strength training; (3) Comparison: any conservative
treatment or control interventions based on physical ex-
ercises or no intervention control group; (4) Outcomes:
assessment of at least one of the following clinical ef-
fects: pain intensity (assessed using a visual analog
scale, numerical rating scale, or any other scale), dis-
ability (assessed by questionnaire), and isokinetic trunk
flexors and extensors strength (assessed by isokinetic
dynamometer); (5) Studies: randomized controlled tri-
als published in the last 20 years, without language
restrictions, to identify as many articles as possible.
In addition, we excluded (I) studies that only included
healthy individuals or patients with specific low back
pain, (II) gray literature such as conference presenta-
tions, theses, books, editorials, review articles, and ex-
pert opinions, (III) duplicate articles, and (IV) articles
with missing data.

2.4. Study selection

Articles retrieved from the initial search were entered
into the Rayyan QCRI application, an App that assists
in the article selection process, optimizing evaluation
time, and allowing collaborative work (available for free
at http://rayyan.qcri.org (accessed March 30, 2021))
[40]. Duplicate references were removed. Next, two
independent investigators (WR-F and DJ-M) reviewed
titles and abstracts to identify articles relevant to the
systematic review. Full-text reading of these articles was
then performed to assess eligibility criteria, and finally,
the reference list was checked for relevant articles that
could be included. Disagreements were resolved by
consensus. When the agreement was not achieved, a
third investigator was consulted (LC-R).

2.5. Risk of bias of individual studies

The risk of bias (RoB) for each individual study was
assessed with The Cochrane Collaboration Risk of Bias
Tool using Review Manager 5.4 [41]. This tool evalu-
ates the RoB according to the following six domains:
random sequence generation, allocation concealment,
blinding, incomplete outcome data, selective outcome
reporting, and “other sources of bias.” Critical assess-
ments on the RoB are made separately for each domain,
and it could be considered as “low,” “high” or “unclear”
RoB (if reporting was not sufficient to assess the do-
main) [42]. RoB assessment were independently per-
formed by two reviewers (WR-F and DM-G). In case
of discrepancy, a third evaluator (LC-R) was consulted.

2.6. Rating the quality of evidence

The quality of the evidence was rated using the Grad-
ing of Recommendation, Assessment, Development,
and Evaluation (GRADE) approach [43]. GRADE offer
four levels of evidence: High, moderate, low, and very
low. The GRADE pro system (https://www.gradepro.
org) was used for each outcome from meta-analysis to
create a summary of findings (SoF) table.

2.7. Data collection process

Data extraction was performed by three independent
researchers (WR-F, A-RP, and DM-G); the information
extracted was related to article identification (authors,
country, and year of publication), participant charac-
teristics (sample, gender, and age), and isokinetic and
other training protocols (sessions/week). In addition
to variables under study, and main results. All calcu-
lations were conducted using a Microsoft Excel (Mi-
crosoft, Redmond, WA, USA) spreadsheet containing
data extracted from each publication.

2.8. Synthesis methods

Review Manager (RevMan) version 5.4 was used for
all the statistical analyses. The comparison was made
between the IKT trunk group and the control group
(conventional exercises). A p value < 0.05 was consid-
ered significant. Statistical heterogeneity was assessed
using The Cochran Q statistic [44] and I2 (I2 > 50%
was considered indicative of high heterogeneity).

The effect of the IKT interventions on pain intensity
was calculated using the mean difference (MD). Means
and standard deviations (SD) of the post-intervention
values of both IKT and control groups were obtained
from the included studies and added to RevMan 5.4.
Random-effects inverse variance (IV) was used with
the measurement of the effect of MD. A random-effects
model was incorporated when the assumption is that
the data demonstrated effects across studies that are
randomly situated around a central value [45]. Forest
plots were generated to illustrate the specific differences
between the group’s effects on pain intensity and MD
within the respective 95% CIs.

3. Results

3.1. Study selection

We found no systematic reviews with an objective
similar to that of the present study. From the initial
search, 1750 articles were retrieved (Fig. 1), of which
517 were eliminated as duplicates. After evaluating
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Fig. 1. Flow chart for the systematic review.

titles and abstracts, 1209 articles were excluded as not
relevant to this review, leaving 24 articles for full-text
reading. One additional article was identified from other
sources.

From the 25 articles, six articles were excluded be-
cause they did not include patients with NSLBP, eight
because they performed strength training but not isoki-
netic strength training, and three because they only per-
formed isokinetic strength assessment and not isoki-
netic strength training. Thus, eight articles were se-
lected, seven included in the meta-analysis. The refer-
ence list was reviewed without finding new articles. An
update of the search was conducted until 17 November
2022; however, no articles met the inclusion criteria.

3.2. Study characteristics

The retrieved studies included 361 participants with
NSLBP, of whom only 19.66% (71) were women. Of
the total sample, 143 received IKT. The number of
participants per study ranged from 17 [22] to 60 [46–
49]. The minimum age of participants was 20.23 ±
1.6 [50], and the maximum was 43 ± 9.7 years [22].
Four studies [46–48,50] involved an athlete population
(soccer players). All studies considered participants

with chronic LBP (cLBP), i.e., at least three months
(Table 1).

Regarding training protocols, all studies considered a
trunk IKT group compared to a control group (CG). The
CG performed conventional exercises such as stretching
and isotonic and isometric exercises of the trunk mus-
cles. In addition, Nambi et al. [47,48] included a core
stability training group and Nambi et al. [46,50] a vir-
tual reality training group. For the analysis, core stabil-
ity and virtual reality training groups were not included.
The total intervention period ranged from two [22]
to twelve weeks [51], with total training sessions be-
tween six [22] and twenty-four [51]. Concerning the dy-
namometers, Nambi et al. [47,48,50] used Biodex Cor-
poration, NY, USA, Calmels et al. [22] and de Freitas
et al. [51] a Cybex 6000 R© Dynamometer, Sertpoyraz
et al. [52] Cybex Norm Computerized Isokinetic. In
contrast, Olivier et al. [49] and Nambi et al. [46] did
not specify the dynamometer used (Table 2).

3.3. Risk of bias within studies

Figures 2 and 3 show the RoB assessment for all
articles. For the overall RoB, only one article [52]
rated 85.7% of their articles items as low RoB; four
[46–48,50] ordered 57.1% of their items as low RoB,



W. Reyes-Ferrada et al. / IKT on pain, disability, and strength in NSLBP patients 1241
Ta

bl
e

1
C

ha
ra

ct
er

is
tic

s
of

th
e

in
cl

ud
ed

st
ud

ie
s

A
ut

ho
r

Y
ea

r/
co

un
tr

y
St

ud
y

de
si

gn
Sa

m
pl

e
si

ze
G

en
de

r
A

ge
(y

ea
rs
±

SD
)

L
B

P
cl

as
si

fic
at

io
n

O
ut

co
m

es
In

st
ru

m
en

t
N

am
bi

et
al

.
(A

)[
47

]
20

20
/S

au
di

A
ra

bi
a

R
C

T
60

L
B

P.
C

G
:2

0.
IK

T:
20

.
C

ST
:2

0.

60
M

al
es

C
G

:2
1.

38
±

1.
4

IK
T:

21
.1

1
±

1.
4

C
ST

:2
2.

12
±

1.
3

C
hr

on
ic

(>
3

m
on

th
s)

.
Pa

in
in

te
ns

ity
Pl

ay
er

w
el

ln
es

s
Sp

ri
nt

&
Ju

m
p

pe
rf

or
m

an
ce

s

VA
S

Q
ue

st
io

nn
ai

re
Sp

ri
nt

&
ju

m
p

te
st

N
am

bi
et

al
.

(B
)[

50
]

20
20

/S
au

di
A

ra
bi

a
R

C
T

45
L

B
P.

C
G

:1
5.

IK
T:

15
.

V
R

T:
15

.

45
M

al
es

C
G

:2
0.

78
±

1.
6;

IK
T:

20
.2

3
±

1.
6;

V
R

T:
21

.2
5
±

1.
2.

C
hr

on
ic

(>
3

m
on

th
s)

.
Pa

in
in

te
ns

ity
Pl

ay
er

w
el

ln
es

s,
Sp

ri
nt

&
Ju

m
p

pe
rf

or
m

an
ce

s

VA
S

Q
ue

st
io

nn
ai

re
Sp

ri
nt

&
ju

m
p

te
st

N
am

bi
et

al
.

(C
)[

48
]

20
20

/S
au

di
A

ra
bi

a
R

C
T

60
L

B
P.

C
G

:2
0.

IK
T:

20
.

C
ST

:2
0.

60
M

al
es

C
G

:2
1.

9
±

1.
8;

IK
T:

22
.1
±

1.
8;

C
ST

:2
2.

3
±

1.
7.

C
hr

on
ic

(>
3

m
on

th
s)

.
Pa

in
in

te
ns

ity
Pa

ra
sp

in
al

C
SA

M
ul

tifi
du

s
th

ic
kn

es
s

In
fla

m
m

at
or

y
bi

om
ar

ke
r

VA
S

M
R

I
U

ltr
as

ou
nd

B
lo

od
an

al
ys

is
O

liv
ie

re
ta

l.
[4

9]
20

08
/F

ra
nc

e
R

C
T

60
L

B
P.

C
G

:3
0.

IK
T:

30
.

33
M

al
es

27
Fe

m
al

es
39

±
9.

C
hr

on
ic

(>
3

m
on

th
s)

.
Pa

in
in

te
ns

ity
Is

ok
in

et
ic

st
re

ng
th

Q
ua

lit
y

of
lif

e
Fl

ex
ib

ili
ty

Tr
un

k
en

du
ra

nc
e

VA
S

C
yb

ex
no

rm
D

al
la

s
sc

or
e

Fi
ng

er
to

flo
or

M
cG

ill
ba

tte
ry

C
al

m
el

s
et

al
.[

22
]

20
04

/F
ra

nc
e

R
C

T
17

L
B

P.
IK

T:
9.

C
G

:8
.

16
M

al
es

1
Fe

m
al

e
43

±
9.

7.
C

hr
on

ic
.

Pa
in

in
te

ns
ity

D
is

ab
ili

ty
Tr

un
k

m
ob

ili
ty

M
us

cl
e

ex
te

ns
ib

ili
ty

an
d

st
re

ng
th

VA
S

Q
ue

be
c

sc
al

e
Sc

hö
be

ri
nd

ex
B

ie
rin

g
So

re
ns

en
an

d
Sh

ira
do

ito
te

st
Se

rt
po

yr
az

et
al

.[
52

]
20

09
/T

ur
ke

y
R

C
T

40
L

B
P.

IK
T:

20
.

C
G

:2
0.

9
M

al
es

31
Fe

m
al

es
IK

T:
38

.7
5
±

7.
81

;
C

T:
38

.2
5
±

7.
36

.
C

hr
on

ic
(>

3
m

on
th

s)
.

Pa
in

in
te

ns
ity

D
is

ab
ili

ty
Is

ok
in

et
ic

st
re

ng
th

Sp
in

al
m

ob
ili

ty
D

ep
re

ss
iv

e
sy

m
pt

om
s

VA
S

M
O

L
B

D
Q

C
yb

ex
no

rm
Fi

ng
er

to
flo

or
Q

ue
st

io
nn

ai
re

N
am

bi
et

al
.

[4
6]

20
21

/S
au

di
A

ra
bi

a
R

C
T

60
L

B
P.

C
G

:2
0.

IK
T:

20
.

V
R

T:
20

.

60
M

al
es

C
G

:2
3.

3
±

1.
5;

IK
T:

22
.8
±

1.
6;

V
R

T:
23

.2
±

1.
5.

C
hr

on
ic

(>
3

m
on

th
s)

.
Pa

in
in

te
ns

ity
K

in
es

io
ph

ob
ia

H
or

m
on

al
va

lu
es

VA
S

T
SK

-1
7

B
lo

od
se

ru
m

an
al

ys
is

de
Fr

ei
ta

s
et

al
.[

51
]

20
08

/B
ra

zi
l

R
C

T
19

L
B

P.
C

G
:1

0
IK

T:
9.

7
M

al
es

12
Fe

m
al

es
C

G
:3

1.
2
±

8.
2;

IK
T:

37
.9
±

11
.2

C
hr

on
ic

(>
3

m
on

th
s)

.
Pa

in
in

te
ns

ity
D

is
ab

ili
ty

Is
ok

in
et

ic
st

re
ng

th
Fl

ex
ib

ili
ty

an
d

lu
m

ba
rm

ob
ili

ty

VA
S

R
M

Q
C

yb
ex

60
00

Sc
hö

be
ra

nd
Fi

ng
er

to
flo

or

LB
P:

Lo
w

ba
ck

pa
in

;C
G

:c
on

tro
lg

ro
up

;I
K

T:
is

ok
in

et
ic

tra
in

in
g;

C
ST

:c
or

e
st

ab
ili

ty
tra

in
in

g;
V

RT
:v

irt
ua

lr
ea

lit
y

tra
in

in
g;

R
C

T:
ra

nd
om

iz
ed

co
nt

ro
lle

d
tri

al
;S

D
:s

ta
nd

ar
d

de
vi

at
io

n;
VA

S:
vi

su
al

an
al

og
ue

sc
al

e;
C

SA
:c

ro
ss

-s
ec

tio
na

la
re

a;
M

R
I:

M
ag

ne
tic

re
so

na
nc

e
im

ag
in

g;
M

O
L

B
D

Q
:M

od
ifi

ed
O

sw
es

tr
y

L
ow

B
ac

k
D

is
ab

ili
ty

Q
ue

st
io

nn
ai

re
;T

SK
-1

7:
Ta

m
pa

Sc
al

e;
R

M
Q

:R
ol

an
d

M
or

ri
s

qu
es

tio
nn

ai
re

.



1242 W. Reyes-Ferrada et al. / IKT on pain, disability, and strength in NSLBP patients

Ta
bl

e
2

T
he

ch
ar

ac
te

ri
st

ic
s

of
is

ok
in

et
ic

st
re

ng
th

en
in

g
tr

ai
ni

ng
of

th
e

in
cl

ud
ed

st
ud

ie
s

A
ut

ho
r/

ye
ar

G
ro

up
/in

te
rv

en
tio

n
Is

ok
in

et
ic

tr
ai

ni
ng

pr
ot

oc
ol

s
D

os
ag

e/
ve

lo
ci

tie
s

Fr
eq

ue
nc

y
(x

pe
rw

ee
k)

In
te

rv
en

tio
n

le
ng

th
(w

ee
k)

D
yn

am
om

et
er

N
am

bi
et

al
.

20
20

(A
)[

47
]

IK
T:

Is
ok

in
et

ic
st

re
ng

th
en

in
g

C
ST

:C
or

e
st

ab
ili

ty
ex

er
ci

se
C

G
:C

on
ve

nt
io

na
lr

eh
ab

ili
ta

tio
n.

W
ar

m
-u

p:
fiv

e
m

in
.

Fl
ex

or
/e

xt
en

so
rs

tr
et

ch
in

g.
Po

si
tio

n:
st

an
di

ng
R

O
M

:9
0◦

Fa
m

ili
ar

iz
at

io
n

(v
id

eo
).

Tr
ai

ni
ng

:1
5

re
ps

×
3

se
ts

V
el

oc
iti

es
:6

0◦
/s

,9
0◦

/s
,a

nd
12

0◦
/s

.
5

4
B

io
de

x
C

or
po

ra
tio

n,
N

Y,
U

SA
.

N
am

bi
et

al
.

20
20

(B
)[

50
]

IK
T:

Is
ok

in
et

ic
st

re
ng

th
en

in
g

V
R

T:
V

ir
tu

al
re

al
ity

tr
ai

ni
ng

ex
er

ci
se

C
G

:C
on

ve
nt

io
na

lr
eh

ab
ili

ta
tio

n.

W
ar

m
-u

p:
fiv

e
m

in
.

Fl
ex

or
/e

xt
en

so
rs

tr
et

ch
in

g.
Po

si
tio

n:
st

an
di

ng
R

O
M

:9
0◦

Fa
m

ili
ar

iz
at

io
n

(v
id

eo
).

Tr
ai

ni
ng

:1
5

re
ps

×
3

se
ts

V
el

oc
iti

es
:6

0◦
/s

,9
0◦

/s
,a

nd
12

0◦
/s

.
5

4
B

io
de

x
C

or
po

ra
tio

n,
N

Y,
U

SA
.

N
am

bi
et

al
.

20
20

(C
)[

48
]

IK
T:

Is
ok

in
et

ic
st

re
ng

th
en

in
g

C
ST

:C
or

e
st

ab
ili

ty
ex

er
ci

se
C

G
:C

on
ve

nt
io

na
lr

eh
ab

ili
ta

tio
n.

W
ar

m
-u

p:
fiv

e
m

in
.

Fl
ex

or
/e

xt
en

so
rs

tr
et

ch
in

g.
Po

si
tio

n:
st

an
di

ng
R

O
M

:9
0◦

Fa
m

ili
ar

iz
at

io
n

(v
id

eo
).

Tr
ai

ni
ng

:1
5

re
ps

×
3

se
ts

V
el

oc
iti

es
:6

0◦
/s

,9
0◦

/s
,a

nd
12

0◦
/s

.
5

4
B

io
de

x
C

or
po

ra
tio

n,
N

Y,
U

SA
.

O
liv

ie
re

ta
l.

20
08

[4
9]

IK
T:

Is
ok

in
et

ic
st

re
ng

th
en

in
g

+
C

on
ve

nt
io

na
lr

eh
ab

ili
ta

tio
n

C
G

:C
on

ve
nt

io
na

lr
eh

ab
ili

ta
tio

n.

D
ay

ho
sp

ita
liz

at
io

n
T

hr
ee

ph
as

es
W

ee
k

1:
8

re
ps

×
2

se
ts

at
12

0◦
/s

;7
re

ps
×

2
se

ts
at

10
5◦

/s
,

an
d

4
re

ps
×

1
se

ta
t9

0◦
/s

.
W

ee
k

2:
7

re
ps

×
2

se
ts

at
90

◦
/s

;6
re

ps
×

2
se

ts
at

75
◦

/s
5

re
ps

×
2

se
ts

at
60

◦
/s

,a
nd

2
re

ps
×

1
se

ta
t3

0◦
/s

.
W

ee
k

3
an

d
4:

8
re

ps
×

2
se

ts
at

12
0◦

/s
;7

re
ps

×
2

se
ts

at
10

5◦
/s

;6
re

ps
×

2
se

ts
at

75
◦

/s
;4

re
ps

×
2

se
ts

at
60

◦
/s

,
an

d
2

re
ps

×
2

se
ts

at
30

◦
/s

.

5
4

N
ot

re
po

rt
ed

.

C
al

m
el

s
et

al
.

20
04

[2
2]

IK
T:

Is
ok

in
et

ic
st

re
ng

th
en

in
g

C
G

:C
on

ve
nt

io
na

lr
eh

ab
ili

ta
tio

n.
W

ar
m

-u
p:

te
n

m
in

.
Po

si
tio

n:
st

an
di

ng
R

O
M

:7
0◦

.
Fa

m
ili

ar
iz

at
io

n
on

ly
in

th
e

fir
st

se
ss

io
n.

Se
ss

io
n

1
an

d
2:

7
re

ps
×

2
se

ts
at

30
◦

/s
an

d
60

◦
/s

.
Se

ss
io

n
3

to
6:

9
re

ps
×

2
se

ts
at

12
0◦

/s
;7

re
ps

×
2

se
ts

at
10

5◦
/s

;5
re

ps
×

2
se

ts
at

90
◦

/s
,a

nd
3

re
ps

×
2

se
ts

at
60

◦
/s

.

3
2

C
yb

ex
60

00
R ©

.

Se
rt

po
yr

az
et

al
.2

00
9

[5
2]

IK
T:

Is
ok

in
et

ic
st

re
ng

th
en

in
g

C
G

:C
on

ve
nt

io
na

lr
eh

ab
ili

ta
tio

n.
W

ar
m

-u
p:

te
n

m
in

.
Po

si
tio

n:
st

an
di

ng
R

O
M

:9
0◦

.

Tr
ai

ni
ng

:5
re

ps
×

3
se

ts
V

el
oc

iti
es

:6
0◦

/s
,a

nd
90

◦
/s

.
5

3
C

yb
ex

N
or

m
C

om
pu

te
ri

ze
d

Is
ok

in
et

ic
,C

y-
be

x
C

om
pa

ny
,

N
ew

Y
or

k.
N

am
bi

et
al

.
20

21
[4

6]
IK

T:
Is

ok
in

et
ic

st
re

ng
th

en
in

g
V

R
T:

V
ir

tu
al

re
al

ity
tr

ai
ni

ng
ex

er
ci

se
C

G
:C

on
ve

nt
io

na
lr

eh
ab

ili
ta

tio
n.

W
ar

m
-u

p:
fiv

e
m

in
.

Fl
ex

or
/e

xt
en

so
rs

tr
et

ch
in

g.
Po

si
tio

n:
st

an
di

ng
R

O
M

:9
0◦

Fa
m

ili
ar

iz
at

io
n

(v
id

eo
).

Tr
ai

ni
ng

:1
5

re
ps

×
3

se
ts

V
el

oc
iti

es
:6

0◦
/s

,9
0◦

/s
,a

nd
12

0◦
/s

.
5

4
N

ot
re

po
rt

ed
.

de
Fr

ei
ta

s
et

al
.[

51
]

IK
T:

Is
ok

in
et

ic
st

re
ng

th
en

in
g

C
G

:C
on

ve
nt

io
na

lr
eh

ab
ili

ta
tio

n.
St

re
tc

hi
ng

.
R

O
M

:1
00

◦

T
hr

ee
ph

as
es

M
on

th
1:

8
re

ps
×

10
se

ts
.

M
on

th
2:

10
re

ps
×

10
se

ts
.

M
on

th
3:

12
re

ps
×

10
se

ts
.

V
el

oc
iti

es
:9

0◦
/s

,a
nd

12
0◦

/s
.

2
12

C
yb

ex
60

00
R ©

.

IK
T:

is
ok

in
et

ic
tr

ai
ni

ng
;C

ST
:c

or
e

st
ab

ili
ty

tr
ai

ni
ng

;C
G

:c
on

tr
ol

gr
ou

p;
V

R
T:

vi
rt

ua
lr

ea
lit

y
tr

ai
ni

ng
;R

O
M

:r
an

ge
of

m
ov

em
en

t;
re

ps
:r

ep
et

iti
on

s.



W. Reyes-Ferrada et al. / IKT on pain, disability, and strength in NSLBP patients 1243

Ta
bl

e
3

Su
m

m
ar

y
of

fin
di

ng
s

(S
oF

)a
nd

qu
al

ity
of

ev
id

en
ce

(G
R

A
D

E
)f

or
Is

ok
in

et
ic

tr
un

k
tr

ai
ni

ng
in

N
SL

B
P

pa
tie

nt
s

C
er

ta
in

ty
as

se
ss

m
en

t
N

o.
of

pa
tie

nt
s

E
ff

ec
ta

bs
ol

ut
e

C
er

ta
in

ty
Im

po
rt

an
ce

N
o.

of
St

ud
y

R
oB

In
co

ns
is

te
nc

y
In

di
re

ct
ne

ss
Im

pr
ec

is
io

n
O

th
er

IK
T

C
G

(9
5%

C
I)

st
ud

ie
s

de
si

gn
co

ns
id

er
at

io
ns

Pa
in

in
te

ns
ity

im
m

ed
ia

te
ly

po
st

in
te

rv
en

tio
n

7
R

C
T

Se
ri

ou
sa

V
er

y
se

ri
ou

sb
N

ot
se

ri
ou

s
Se

ri
ou

sc
N

on
e

12
3

12
3

M
D
−

1.
50

95
%

C
I

(−
2.

60
to

−
0.

39
)

⊕ ©
©

©
V

er
y

lo
w

Im
po

rt
an

t

Pa
in

in
te

ns
ity

1
m

on
th

fo
llo

w
up

3
R

C
T

Se
ri

ou
sa

V
er

y
se

ri
ou

sd
N

ot
se

ri
ou

s
Se

ri
ou

sc
N

on
e

54
53

M
D
−

1.
97

95
%

C
I

(−
2.

92
to

−
1.

03
)

⊕ ©
©

©
V

er
y

lo
w

Im
po

rt
an

t

Pa
in

in
te

ns
ity

3
m

on
th

s
fo

llo
w

up
2

R
C

T
Se

ri
ou

sa
V

er
y

se
ri

ou
sb

N
ot

se
ri

ou
s

Se
ri

ou
sc

N
on

e
39

38
M

D
−

1.
88

95
%

C
I

(−
5.

29
to

1.
53

)

⊕ ©
©

©
V

er
y

lo
w

Im
po

rt
an

t

Pa
in

In
te

ns
ity

6
m

on
th

s
fo

llo
w

up
2

R
C

T
Se

ri
ou

sa
V

er
y

se
ri

ou
se

N
ot

se
ri

ou
s

N
ot

se
ri

ou
s

N
on

e
35

34
M

D
−

2.
48

95
%

C
I

(−
2.

77
to

−
2.

19
)

⊕⊕
©

©
L

ow
Im

po
rt

an
t

R
oB

:R
is

k
of

bi
as

;I
K

T:
Is

ok
in

et
ic

tr
ai

ni
ng

;C
G

:c
on

tr
ol

gr
ou

p;
C

I:
co

nfi
de

nc
e

in
te

rv
al

;R
C

T:
R

an
do

m
iz

ed
co

nt
ro

lle
d

tr
ia

l;
M

D
:m

ea
n

di
ff

er
en

ce
.E

xp
la

na
tio

ns
:a

.D
iff

er
en

ce
s

in
th

e
po

pu
la

tio
n

as
se

ss
ed

;b
.T

he
he

te
ro

ge
ne

ity
be

tw
ee

n
st

ud
ie

s
w

as
co

ns
id

er
ab

le
(I
2
=

99
%

);
c.

la
ck

of
cl

in
ic

al
re

le
va

nc
e

fo
r

VA
S;

d.
T

he
he

te
ro

ge
ne

ity
be

tw
ee

n
st

ud
ie

s
w

as
co

ns
id

er
ab

le
(I
2
=

94
%

);
e.

T
he

he
te

ro
ge

ne
ity

be
tw

ee
n

st
ud

ie
s

w
as

su
bs

ta
nt

ia
l(

I2
=

67
%

).
G

R
A

D
E

:W
or

ki
ng

G
ro

up
gr

ad
es

of
ev

id
en

ce
.

H
ig

h
ce

rt
ai

nt
y:

W
e

ar
e

ve
ry

co
nfi

de
nt

th
at

th
e

tr
ue

ef
fe

ct
lie

s
cl

os
e

to
th

at
of

th
e

es
tim

at
e

of
th

e
ef

fe
ct

.
M

od
er

at
e

ce
rt

ai
nt

y:
W

e
ar

e
m

od
er

at
el

y
co

nfi
de

nt
in

th
e

ef
fe

ct
es

tim
at

e:
T

he
tr

ue
ef

fe
ct

is
lik

el
y

to
be

cl
os

e
to

th
e

es
tim

at
e

of
th

e
ef

fe
ct

,b
ut

th
er

e
is

a
po

ss
ib

ili
ty

th
at

it
is

su
bs

ta
nt

ia
lly

di
ff

er
en

t.
L

ow
ce

rt
ai

nt
y:

O
ur

co
nfi

de
nc

e
in

th
e

ef
fe

ct
es

tim
at

e
is

lim
ite

d:
T

he
tr

ue
ef

fe
ct

m
ay

be
su

bs
ta

nt
ia

lly
di

ff
er

en
tf

ro
m

th
e

es
tim

at
e

of
th

e
ef

fe
ct

.
V

er
y

lo
w

ce
rt

ai
nt

y:
W

e
ha

ve
ve

ry
lit

tle
co

nfi
de

nc
e

in
th

e
ef

fe
ct

es
tim

at
e:

T
he

tr
ue

ef
fe

ct
is

lik
el

y
to

be
su

bs
ta

nt
ia

lly
di

ff
er

en
tf

ro
m

th
e

es
tim

at
e

of
ef

fe
ct

.



1244 W. Reyes-Ferrada et al. / IKT on pain, disability, and strength in NSLBP patients

Fig. 2. Risk of bias summary: review authors’ judgements about each
risk of bias item for each included study.

and three [22,49,51] obtained less than 50% of the
items classified as low RoB. Of the eight articles,
87.5% were classified as low RoB in the attrition bias
[22,46–48,50–52], 75% were classified as low RoB in
the randomization process [46–50,52], and reporting
bias [22,46–48,50,52]. Only one article in allocation
concealment [52], none in the blinding of participants
and personnel, and 62.5% in the blinding of outcome as-
sessment [46–48,50,52]. Four articles [46–48,50] were
classified as high RoB in “other bias” due to the specific
population in which they performed the intervention.

3.4. Effect of isokinetic strengthening training

3.4.1. Pain intensity
All the retrieved studies in this review evaluated pain

intensity using the visual analog scale (VAS). For this
reason, we performed a meta-analysis of pain intensity.
One article could not be incorporated into the meta-
analysis because it reported a significant decrease in

pain in both groups (IKT and CG) but only indicated
p < 0.05 [51]. In all articles, the pain intensity de-
creased significantly in the IKT and CG, except for
Calmels et al. [22], where pain intensity decreased sig-
nificantly only in the CG. The meta-analysis (Fig. 4)
shows a significant decrease in pain intensity in favor
of the IKT group −1.50 ((95% CI −2.60; −0.39); n =
123; p < 0.008) compared to CG. There was a very low
quality of evidence, according to the GRADE rating
(Table 3).

At one month follow-up, the meta-analysis revealed
a significant decrease in pain intensity, in favor of the
IKT group of −1.97 ((95% CI −2.92; −1.03); n =
54; p < 0.0001); at three months follow-ups of −1.88
(95% CI −5.29; 1.53; n = 39; p = 0.28) with signif-
icant heterogeneity, I2 = 94% and I2 = 99% respec-
tively, and very low quality of evidence according to
the GRADE rating. There was a significant reduction
in pain intensity at six months follow-up in favor of the
IKT group of −2.48 ((95% CI −2.77; −2.19); n = 35;
p < 0.00001) and low quality of evidence according to
the GRADE rating (Fig. 4 and Table 3).

3.4.2. Disability
Three of the articles retrieved in this review evaluated

the effects of an IKT program on disability. Calmels
et al. [22] used the Quebec scale to measure functional
capacity and found no significant improvements in ei-
ther the CG (p = 0.606) or the IKT group (p = 0.233).
On the other hand, Sertpoyraz et al. [52], using the
Modified Oswestry Low Back Disability Questionnaire
(MOLBDQ), reported a significant decrease in disabil-
ity in the CG and IKT (p < 0.05) at the end of the in-
tervention and one-month follow-up. Finally, de Freitas
et al. [51] reported a significant decrease in disability
in the IKT (p = 0.007) and CG (p = 0.005) groups,
with no differences between groups, using the Roland
Morris questionnaire. Unfortunately, a meta-analysis
was not performed as we could not pool the results due
to the difference in disability measurement instruments
and the reduced number of articles available.

3.4.3. Isokinetic trunk flexor and extensor strength
Only three articles of the retrieved studies evalu-

ated the isokinetic trunk flexor and extensor strength.
Olivier et al. [49] found a significant increase between
pre-and post-intervention peak torque values in trunk
flexor and extensor muscles. However, they only re-
ported statistically significant differences in extensor
peak torque between groups at 30◦/s in favor of the
IKT group. At a three-month follow-up, the two groups
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Fig. 3. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.

Fig. 4. Forest plot of comparison between IKT (experimental) vs CG articles for changes in pain intensity. SD = standard deviation; 95% CI =
95% confidence interval; IV = inverse variance.

improved equally. Sertpoyraz et al. [52] reported a sig-
nificant increase in peak torque evaluated at 60◦/s and
90◦/s in both groups immediately post-treatment and
at one-month follow-up (p < 0.05). Finally, de Freitas
et al. [51] found a significant increase between pre-and

post-intervention peak torque values in trunk extensor
muscles at 120◦/s in both groups, with no differences
between groups. Unfortunately, we could not pool the
data due to differences between the measurement veloc-
ities performed in each study and the reduced number
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of articles available.

4. Discussion

The objective of this review and meta-analysis was
to determine the effects of isokinetic trunk training on
pain, disability, and isokinetic trunk strength in NSLBP
patients. The main finding of this review is that the
trunk IKT could be a clinical tool for pain management
in patients with NSLBP, although the evidence is very
uncertain. In addition, IKT reduces disability and in-
creases trunk strength in NSLBP patients, although few
RCTs exist for IKT on disability or trunk strength in
patients with NSLBP.

All the studies included in this review considered pa-
tients with cLBP, that is, lasting more than three months.
When comparing the clinical manifestations between
patients with acute, subacute, or chronic LBP, the latter
presents a higher level of pain, greater consumption of
analgesics, and greater risk of requiring lumbar surgery
than patients with acute and subacute LBP [53]. This re-
view and meta-analysis show decreased pain intensity in
the IKT group. The IKT group presents a more signifi-
cant decrease in pain intensity post-intervention (−1.50
(95% CI −2.60; −0.39)) and follow-up at one month
(−1.97 (95% CI −2.92; −1.03)) and six months (−2.48
(95% CI −2.77; −2.19)) compared to CG. Thus, IKT
appears to be a treatment option capable of producing
a decrease in pain in patients with NSLBP. However,
these results should be interpreted with caution due to
the high heterogeneity in the meta-analysis.

The difference in training volumes could explain
this high heterogeneity, e.g., the studies conducted by
Nambi’s group performed a protocol of 20 sessions,
consisting of three sets of 15 repetitions at velocities of
60◦/s, 90◦/s, and 120◦/s, which gives a total volume of
2700 repetitions in the entire intervention, compared to
900 total repetitions for Olivier et al. [49], 248 repeti-
tions for Calmels et al. [22], and 450 total repetitions for
Sertpoyraz et al. [52]. In addition to the training volume
differences, it is essential to note that the trained popu-
lation in the four studies by Nambi et al. [46–48,50] cor-
responds to young male soccer players (18 to 25 years
old), which may not be representative of the general
population affected by LBP, while the rest of the articles
considered non-athlete patients, male and female, of
mid-age (38 to 43 years old) people [22,49,52]. These
differences are essential to consider because they have
several confounding factors (e.g., training history, acute
training response, pain response, perception, etc.) and
can explain the high heterogeneity in the meta-analysis.

A network meta-analysis by Owen et al. [54] at-
tempted to determine the best exercise mode to treat
LBP. The results show that Pilates, motor control, and
exercise-based or aerobic training decrease pain. How-
ever, these results have high heterogeneity and low qual-
ity of evidence. Another network meta-analysis con-
ducted by Gianola et al. [55] concluded that pain man-
agement in patients with NSLBP should be done with
non-pharmacological treatment, in which exercise ap-
pears as the best alternative to reduce pain at immedi-
ate follow-up. Thus, exercise appears to be a suitable
intervention for pain management in LBP.

Although the mechanism by which IKT is effective
as an intervention for LBP patients is not known, we
postulate that strength training with maximum load
throughout the entire range of motion, as in IKT, can
contribute to greater spinal stability by training the trunk
muscles, which can translate into less pain for patients.
However, further research is needed to understand the
mechanisms underlying the decrease in pain using IKT.

We know that LBP is the leading cause of disabil-
ity in the world [56]. In this review, only three stud-
ies evaluated the effects of IKT on disability. Calmels
et al. report no improvement in disability, whereas de
Freitas et al. [51] found a decrease in disability in both
groups, with no differences. Sertpoyraz et al. [52], the
only one with low RoB, reported decreased disability
in the IKT and CG using the MOLBDQ. A reduction
of six points in MOLBDQ is considered clinically rel-
evant [57]. Thus, both the IKT and CG groups signif-
icantly decreased disability, 7.20 and 8.35 points, re-
spectively, and with clinically meaningful results. Many
factors can contribute to disability, such as biophysi-
cal, psychological, social, and genetic factors. There-
fore, disability is not simply the result of nociceptive
inputs [58]. Consequently, different types of interven-
tions can be expected to have positive effects on dis-
ability. Thus, isokinetic trunk training could be con-
sidered a training option when the goal is to improve
the disability of patients with NSLBP. It should not be
ignored that these results come from only two study, so
they should be interpreted with caution. Thus, further
research regarding the effects of IKT on disability is
needed.

Trunk muscle strength has been considered a risk
factor for developing LBP [14]. In addition, we know
that patients with cLBP have a decrease in lumbar ex-
tensor isokinetic strength [24]. In this review, although
eight studies included a group that trained strength, only
three research measured whether the IKT program af-
fects isokinetic trunk strength. Olivier et al. [49], who
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added only 15 minutes daily IKT to a conventional
treatment program, reported a significant increase in
both groups, with differences between groups only in
extensor strength at 30◦/s. de Freitas et al. [51] re-
ported an increase in peak torque only in the trunk
extensors at 120◦/s in the IKT (p = 0.008) and CG
(p = 0.005) groups. On the other hand, Sertpoyraz
et al. [52] reported significant trunk flexor and extensor
strength increases at 60◦/s and 90◦/s in the IKT and
control groups (conventional exercises). Considering
the dose-response relationship in strength training [59],
it is essential to note that both Olivier et al. [49] and
Sertpoyraz et al. [52] considered two or three sets of
strength training per velocity, which may not be suf-
ficient to observe more significant gains in strength.
Furthermore, neither Olivier et al. nor Sertpoyraz et al.
considered a training period longer than four weeks,
which may have been insufficient to observe differ-
ences in the effects of an isokinetic strength training
program compared to CG in NSLBP patients. Tataryn
et al. [16] found more significant benefits of a posterior
chain strength training program than general exercises
in patients with cLBP on pain, disability, and strength.
They strongly recommend considering a 12- to 16-week
period to optimize results on these variables in patients
with cLBP. However, de Freitas et al. [51] report im-
provements in extensor strength at high velocities in
both groups, this does not occur for flexor muscles. The
authors explain this difference in using a dynamometer
without gravity corrections, which resulted in patients
training flexor strength in favor of gravity, which de-
spite considering twelve weeks of training, may not
constitute a mechanically optimal stimulus for strength
gains.

Isokinetic muscle strength, a difference of pain in-
tensity and disability, is an objective measure to deter-
mine the effects of an intervention. Furthermore, we
know that neural adaptations predominate in the first
weeks of strength training [60]; we can suggest that
further research considering more extended training
periods is necessary to observe the chronic effects of
strength training in NSLBP patients. In addition, given
the questioning regarding the lack of natural movements
when using classical isokinetic dynamometers [61], we
can further suggest using the new generations of dy-
namometers with a more functional approach [62,63].
Functional dynamometers could allow a more signifi-
cant transfer of these skills to the sports and daily ac-
tivities of patients with cLBP. Finally, due to the lim-
ited evidence regarding disability and trunk strength in
NSLBP patients, and limited evidence in non-athletes

and women regarding pain intensity, further research is
needed to elucidate the role of isokinetic trunk training
in subjects with NSLBP.

4.1. Study limitations

This review is not exempt from limitations, such as,
for example, it only encompasses articles published be-
tween 2001 to 2022, which could have excluded some
of the evidence from this review. On the other hand, it
includes a small number of studies and a small number
of participants. In addition, most of the included studies
were conducted by the same research group [46–48,50],
which evaluated only a specific type of young and ath-
letic population, which may make it difficult to general-
ize the findings of this review to the rest of the patients.
Despite being the same research group, the authors clar-
ified that these were different trials with different sam-
ples. Moreover, these results should be interpreted with
caution due to the high heterogeneity found, probably
due to the different samples and training protocols. In
addition, we did not perform the publication bias analy-
sis since this analysis requires a minimum of 10 studies,
according to the Cochrane handbook [64]. However, we
can consider it a strength that there was no language
restriction in the retrieved articles. Furthermore, to our
knowledge, this is the first review that attempts to de-
termine the potential role of isokinetic trunk strength
training in patients with NSLBP.

5. Conclusion

Trunk IKT could be a novel clinical tool for pain
management in patients with NSLBP, although evi-
dence is scarce. In addition, few RCTs exist for IKT
on disability or trunk strength in patients with NSLBP.
Based on the current evidence, it is not possible to pro-
vide a clear recommendation on the effects of trunk
IKT on pain, disability, and trunk strength. Therefore,
further research on this topic is needed.
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