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Abstract

The primary aim of this systematic review was to critically appraise the different methodologies used in studies to evaluate aerobic capacity in patients with chronic low

back pain (CLBP). The second aim was to evaluate whether aerobic capacity of patients with CLBP differs from aerobic capacity of healthy age- and sex-matched subjects.

PUBMED, EMBASE, Web of Science, PEDro, and Cochrane databases were searched. A critical appraisal was performed on methodological quality of the used protocols using
a self-designed assessment list.

A total of 28 studies were included in this review. Eleven studies (39.3%) used maximal exercise testing and seventeen studies (60.7%) used submaximal exercise testing.
Large differences exist concerning the used exercise test protocols and methodologies to assess aerobic capacity of patients with CLBP. Similarly, large differences were found in
how aerobic capacity of patients with CLBP was compared with age- and sex-matched healthy controls. Based on the results of the included studies, most studies found a lower

aerobic capacity in patients with CLBP compared with age- and sex-matched healthy controls.

It can be concluded that it is not clear whether deconditioning is present in patients with CLBP. There are several points that warrant cautiousness before drawing a defini-
tive conclusion.

Keywords: Chronic Low Back Pain; Aerobic Capacity; Physical Fitness; Exercise Testing

Abbreviations Introduction
ACSM: American College of Sports Medicine; CLBP: Chronic Low Back Pain; VO, _ : Maxi- The deconditioning paradigm still remains a topic of debate in chronic low back pain
mal Oxygen Uptake (CLBP) research and clinical practice [1]. Physical exercise therapy is recommended to
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improve physical functioning of patients with CLBP [2]. However, various mechanisms to
improve physical functioning are proposed in trials [3] but the effects of exercise therapy
to improve physical functioning were found to be only modest at best [2]. Attention grad-
ually shifted to the biopsychosocial model to explain the persistence of pain. For exam-
ple, the fear avoidance model assumes that patients avoid potentially harmful activities
due to catastrophic thoughts [4]. This avoidance behavior may lead to disuse. Performing
at a reduced daily physical activity level may result in deconditioning, mostly defined as
a decreased level of physical fitness [5]. Physical fitness is an umbrella term containing,
among other things, aerobic capacity and muscle strength. In patients with CLBP, little
evidence has been found for deconditioning when related to muscle strength [1,5,6], and
although several studies investigated aerobic capacity, deconditioning as reflected by a

low aerobic capacity has not been systematically evaluated yet.

A challenge when evaluating results of studies reporting aerobic capacity in patients
with CLBP is that a wide variety of tests and protocols have been reported. Maximal car-
diopulmonary exercise testing, during which the subject continues exercising against
a progressively increasing work rate until volitional exhaustion, is considered the gold
standard to measure aerobic capacity, of which maximal oxygen uptake (VO, __) is con-
sidered the single best measure [7]. For a proper interpretation of a maximal cardio-
pulmonary exercise test, it is of utmost importance to verify whether or not the patient
delivered a true maximal effort as not all patients with CLBP complete this test up to
the point of volitional exhaustion [8-10]. Submaximal exercise testing protocols have
been used as a more feasible and less expensive alternative to estimate aerobic capacity.
The rationale of these protocols is mostly based on the assumed linear relation between
heart rate and oxygen uptake at two or more work rates [11,12]. However, maximal car-
diopulmonary exercise testing protocols are preferred as they measure, rather than esti-

mate, aerobic capacity [13], and are thus more precise.

Systematically evaluating the literature on the quality of the aerobic capacity test
protocols as used during testing, and the methods used to verify a patient’s effort, is es-
sential to evaluate whether deconditioning is present in patients with CLBP. The latter
is of considerable importance, as physical deconditioning is a reason to initiate recondi-
tioning programs to improve a patient’s aerobic capacity. Therefore, the aim of this sys-
tematic review was twofold. The first aim was to critically appraise the methodologies
used in studies to evaluate aerobic capacity in patients with CLBP. The second aim was to
evaluate whether aerobic capacity of patients with CLBP differs from aerobic capacity of

healthy age- and sex-matched subjects.

Methods

The review has been executed according to the PRISMA statement (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) and is registered in the PROSPERO
register as: CRD42015015095.

Information sources and search strategy

PubMed, EMBASE, Web of Science, PEDro, and Cochrane databases were searched us-

ing medical subject heading (MeSH) terms and free text words (or synonyms) for: “low
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back pain” (population) AND “Exercise test” (intervention) AND “aerobic capacity” OR
“physical fitness” (outcome) from inception to May 2020. Study selection was performed
by two independent reviewers. If these reviewers did not reach consensus, a third re-
viewer was consulted. Reviewers were not blinded to data referring to the origin of the
study. Study selection was performed in two steps. In the first step, studies were selected
based on title and abstract. In the second step, a full text review of the potentially rel-
evant studies was performed. Furthermore, the reference lists of all included studies
were screened to check for missing relevant studies. Finally, missing studies known to

the authors were included in the selection process.

Study selection

The inclusion criteria of this systematic review were: 1) the age of participants in the
studies should be 218 years; 2) primary or secondary study outcomes involved aerobic
capacity of patients with CLBP; 3) the study involved patients reporting low back pain
=3 months without any specific cause such as a malignant tumor, infection, or fracture.
In case a study evaluated aerobic capacity in a group of patients with heterogeneous
chronic pain diagnoses consisting for <75% of patients with CLBP, and data were not
separately reported for the group with CLBP, the involved authors were contacted and
asked to provide data of patients with CLBP. If these data were or could not be provided,
the study was excluded from the review. If a study assessed the effects of an intervention

on aerobic capacity in patients with CLBP, only baseline data were included.

Critical appraisal

To assess the methodological quality of the used test protocols and to identify po-
tential sources of confounding and bias, a critical appraisal list was designed (see sup-
plementary file). The critical appraisal list was developed and peer-reviewed by all co-
authors with experience and knowledge about clinical exercise testing to assess aerobic
capacity in patients with CLBP. The survey was piloted in a semi-structured process us-
ing written and verbal feedback of the assessors. The critical appraisal list was evaluated
on the number, relevance, scoring, and wording of the items, and whether the items cap-
tured all relevant aspects concerning clinical exercise testing to assess aerobic capacity.
An assessment of specific potential sources of bias enabled us to discuss the strengths
and weaknesses of the methods used. See appendix for the complete assessment list
and scoring. The critical appraisal list consists of 11 items to score risk of bias and/or
confounding. Two items are only scored in case of a maximal cardiopulmonary exercise
test protocol, as these items (“criteria to confirm a ‘true’ VO, _ " and “patient encourage-
ment”) are not applicable for a submaximal exercise test. Since not every item has the
same impact on the overall risk of bias and/or confounding, no cumulative score was
given, which meets the recommendations for developing tools assessing risks of con-
founding and bias [14,15]. For items 1, 5,9, and 11, ‘low risk’ or ‘high risk’ of confounding
and bias can be scored, whereas ‘low risk, ‘moderate risk’, or ‘high risk’ of confounding
and bias can be scored for item 4, 6, and 8. Finally, for item 2, 3, 7, and 10, ‘low risk, ‘mod-
erate risk’, ‘moderate-to-high risk’ and ‘high risk’ of confounding and bias can be scored.
Two reviewers performed the critical appraisal. In case of disagreement, a third reviewer

was consulted in order to reach consensus.
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Data extraction

The main outcome variable aerobic capacity was extracted by one reviewer and
checked by a second reviewer. The additionally extracted data, if available, were the num-
ber of included subjects, sex, age, anthropometric characteristics, duration and severity
of complaints (disability and physical activity level), and the used exercise protocol. In
case of reporting separate data for subgroups of patients with CLBP, a pooled mean and

standard deviation was calculated using a Java-script based statistical tool [16].

Results
Study selection

The literature search identified 1080 unique studies and three additional studies
were identified after checking reference lists of selected studies. Of these 1080 studies,
87 were selected based on title and abstract. Full text reading resulted in the exclusion
of 59 studies. Finally, a total of 28 studies were included in the review (see Figure 1 for
the flow chart). Eleven studies (39.3%) used a maximal exercise test [10,17-26] and 17
studies (60.7%) used a submaximal exercise test [8,9,27-41] to assess aerobic capacity in
patients with CLBP. Although two studies of Duque., et al. [10,21] used the data from the
same patient population, the results of patients with CLBP in both studies were compared
with two different control groups. In their first study, age- and sex-matched norm val-
ues were used as reference group [21], whereas they included an age- and sex-matched
control group in their second study [10]. Therefore, both studies were scored using the

critical appraisal.

Figure 1: PRISMA flowchart for the selection of studies.
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Many different exercise test protocols were used for measuring or estimating aerobic
capacity. Maximal exercise tests were performed using a treadmill (e.g., the Bruce pro-
tocol [24], the modified Bruce protocol [17,19], or other maximal treadmill protocols
[22]), or by using cycle ergometry [10,18,20,21,23,25,26]. In five studies using a sub-
maximal exercise test protocol, participants performed the original Astrand test protocol
[27,32,35,37,41], whereas participants in five other studies performed a modified ver-
sion of the Astrand test protocol [9,28-30,39].

Critical appraisal

Results of the critical appraisal are presented in Table 1 and the key for scoring is
presented in the supplementary file. Two of the eleven studies (18.2%) using a maximal
cardiopulmonary exercise test protocol scored >50% of the 11 items as ‘low risk’ [10,21].
No study using a maximal exercise test scored ‘low risk’ on item 7 addressing criteria
used to confirm a ‘truly’ measured VO, . Four of the 17 studies (23.5%) using a sub-
maximal exercise test protocol scored >50% of the items as ‘low risk’ [9,30,35,39]. None

of the included studies using a submaximal exercise test scored ‘low risk’ on all 9 items.

Results of studies using maximal cardiopulmonary exercise tests

Table 2 presents the results of the eleven studies using maximal cardiopulmonary
exercise testing to measure aerobic capacity in patients with CLBP. Only in one of the
two studies of Duque,, et al. [10] and the study of Hoch,, et al. [22] (18.2%), an age- and
sex-matched pain free control group was included. Both studies found a significantly
lower aerobic capacity in patients with CLBP compared to healthy controls. In the study
of Hoch,, et al. [22], scoring 4/11 items of the critical appraisal as low risk for bias, only
female patients with CLBP and controls were included. In this study however [22], the
mean score on the Oswestry disability index was 19.0 (13.3), indicating that patients
were only minimally disabled [42,43], and in the study of Duque,, et al. [10] the mean
disability level of the patients was 3.9 on a 0-9 scale, with 0 indicating no disability and 9
indicating a high level of disability. The study of Duque., et al. [10] scored 8/11 items as
low risk for bias (72.7%).

In five studies, aerobic capacity of patients with CLBP was compared with a normative
dataset of healthy controls [18-21,25]. One study scoring 3/11 items as low risk for bias
(27.2%) compared the results of patients with CLBP with a healthy age- and sex-matched
reference group and concluded that patients with CLBP had a lower aerobic capacity;
however, the disability or physical activity level was not reported [20]. The other study
of Duque,, et al. [21], scoring 7/11 items as low risk for bias (63.6%), concluded that pa-
tients with CLBP had a similar aerobic capacity as a healthy but poorly conditioned refer-
ence group. One study scoring only 1/11 items as low risk for bias, stated that patients
with CLBP (only males) had 70% of the mean maximal workload capacity compared to
a healthy control group [18], indicating a below normal work rate capacity for patients
with CLBP compared to healthy middle aged men [44]. However, no further specification
of the latter group was provided and also the disability or physical activity level was not
reported. Another study [19] scoring 4/11 items as low risk for bias found that 43.5%
and 47.8% of the included patients with CLBP scored below the 50 percentile of sex-
and age-related percentile values for aerobic capacity without reporting the disability or
physical activity level [19,45]. This indicates that more than 50 percent of the included
patients in both arms of the trial scored above the 50" percentile of the American Col-

lege of Sports Medicine (ACSM) standards. In three studies (33.3%), no comparison was
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Name first author Item 1: Item 2: Item 3: Item 4: Item 5: Item 6: Item 7: Item 8: Item 9: Item 10: Item
and year of publi- | Exclusion Comparable | Participant | Description |Description| Pretestin- | Criteria to Descrip- |Descrip-| Validity and 11:
cation in case of reference or charac- of specific | of adverse | structions | confirma tion of tion of | test-retestre- |Patient
contra- control group | teristics |CLBP popula-| events and | (1, 2,0r4) | ‘truly’ mea- | variable(s) | exercise | producibility of lencour-
indications | based on sex, | and main | tion charac- | early test sured VO,  |used for de- | test pro- |the test protocol| age-
for exercise |age, body mass| outcomes teristics termina- (1,2, 3, or 4) |termination| tocol and calibration | ment
testing and level of | of patients | (1,2, or4) tion of VO, | (1or4) | proceduresof |(1or4)
(1or4) physical activ- | and control (1or4) (1,2,0r4) the physiological
ity group testing equip-
(1,2,3,0r4) ((1,2,3,0r4) ment
(1,2,3,0r4)
Atalay 2012 [17] 4 4
Bachynski-Cole 4
1985 [18]
Brox 2005 [27] 4 3 2 1 NA 4 4 NA
Chan 2011 [19] 1 1
Doury-Panchout 1 3 3 1 4 4 2 1 4
2012 [20]
Duque 2009 [21] 1 4 1 1 1 4 2 1 1 4 1
Duque 2011 [10] 1 1 1 1 1 4 1 1 4
Hoch 2006 [22] 1 3 2 1 4 2 4 1 1 4 4
Hodselmans 2001 4 4 3 1 4 4 NA 4 1 4 NA
(30]
Hodselmans 2008 1 4 2 1 1 4 NA 1 1 3 NA
[28]
Hodselmans 2010 4 1 2 2 4 4 NA 1 1 3 NA
[29]

Hurri 1991 [31] 1 3 3 2 4 4 NA 2 1 3 NA
Kell 2009 [23] 1 4 1 1 4 4 2 2 1 4 1
Keller 2001 [32] 4 2 2 2 4 2 NA 1 1 4 NA
Koldas Dogan 2008 1 4 3 1 4 4 4 4 4 4 4

[24]
McQuade 1988 4 4 3 1 4 4 NA 4 4 4 NA

[33]
Protas 2004 [34] 1 4 3 1 4 4 NA 1 1 4 NA
Rasmussen-Barr 1 1 1 NA 2 1 NA

2008 [35]

Robert 1995 [36] 1 4 1 4 1 4 NA 1 4 2 NA
Smeets 2009 [9] 1 1 1 NA 1 1 NA
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Storheim 2000 4 4 1 1 4 4 NA 4 4 4 NA
[37]
Van der Velde 2000 4 3 2 1 4 4 NA 4 4 3 NA
(38]
Verbrugghe 2019 4 4 1 1 4 4 2 4 1 4 4
[26]
Verbrugghe 2020 1 4 2 1 1 4 4 4 1 4 4
[25]
Verbunt 2003 [39] 1 4 1 1 1 4 NA 1 1 2 NA
Wallbom 2002 [40] 4 4 2 1 4 4 NA 1 1 4 NA
Wittink 2000 [8] 4 1 2 4 1 4 NA 1 4 1 NA
Wormgoor 2008 1 2 2 1 4 4 NA 1 4 3 NA
[41]
Risk of confounding and bias: 1= Low Risk; 2= Moderate Risk; 3= Moderate to High Risk; 4= High Risk.
Items 1, 5,9, and 11: score 1 or 4.
Items 4, 6, and 8: score 1, 2 or 4.
Items 2, 3, 7, and 10: score 1, 2, 3 or 4.
Items 7 and 11 are only scored in case of a maximal exercise test; in case of a submaximal exercise test, item is scored as not applicable.
Abbreviations: CLBP= Chronic Low Back Pain; NA= Not Applicable; VO, =Maximal Oxygen Uptake.
Table 1: Critical appraisal.
Name first au- | Number of | Age in | Anthropometrics | Duration of | Disability level Test protocol Vo,  (SD) Conclusions
thor and year subjects | years (SD) complaints | and physical ac-
of publication (SD) (SD) tivity level (SD)
Atalay 2012 [17]| 20 patients | 52.0 BMI: 123.6, rang- Disability: CPET on a treadmill, | Pooled data [16]: 22.6 (4.9) | Similar aerobic capacity in
with CLBP: | (6.4) 5 patients in ing from Notreported |modified Bruce protocol| mL/kg/min; patients were | male and female patients
6 males, 14 normal range (<25| 12to408 | Physical activity: | (modification not speci- | classified based on facet de- | with CLBP and between
females kg/m?), 9 pa- months Not reported fied). generation as assessed using| patients with radicular and
tients between 25 1.5 Tesla MRI. Patients with non-radicular pain.
and 30 kg/m?, 6 Weishaubt facet degenera- More facet degeneration
patients between tion grade 1 and 2: 24.13 | was associated with a lower
BMI 30 and 40 (5.13) mL/kg/min; patients | aerobic capacity (r=-0.5; p =
kg/m? with facet degeneration type 0.025)
3:19.15 (4.15) mL/kg/min
Controls:
No control
group
Bachynski-Cole | 9 patients 37.2 Body mass: 86.0 |Not reported Disability: CPET on a cycle ergom- | 2.6 (0.3) L/min, 30.6 (5.1) |Patients had only 70% of the
1985 [18] with CLBP: 9| (11.8) (7.0) kg Notreported |eter, a maximal progres- mL/kg/min maximal work rate capac-
males Physical activity: | sive test with work rate ity compared with healthy
Not reported stages of 3 minutes. subjects in a cited study. [62]

The increase in work
rate was chosen so that
subjects were able to
finish the test within
6-12 minutes.

All subjects were able to
perform the maximal exer-
cise test to exhaustion.
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Controls:
No control
group
Chan 2011 [19] | 46 patients CPET on a treadmill, According to age- and sex-
with CLBP: modified Bruce protocol adjusted norm values from
10 males, in which the first two the Cooper institute, 43.5
36 females, stages were performed and 47.8% of the subjects
randomized at 2.74 km/h at 0% and were ranked below the 50®
in 2 groups 5%, respectively. As of percentile for VO, . [45]
the third stage (2.74
km/h at 10%) the origi-
nal Bruce protocol was
followed.
G1l:5males, | 46.0 | Body mass:58.5 | 14.1(21.5) Disability: 40.4 (6.9) mL/kg/min
17 females | (11.5) | (9.5) kg, BMI: 22.8| months ALBPDS: 30.8
(2.9) kg/m? (13.0)
Physical activity:
Number of pa-
tients participat-
ing at an average
weekly level of
physical activity:
none 10, light 2,
moderate 1, and
vigorous 9
G2:5males, | 47.1 | Bodymass:59.8 | 11.9 (13.7) Disability: 39.0 (4.7) mL/kg/min
19 females | (8.3) |(8.5) kg, BMI:23.5| months ALBPDS: 28.8
(3.0) kg/m? (11.0)
Physical activity:
Number of pa-
tients participat-
ing at an average
weekly level of
physical activity:
none 14, light 3,
moderate 4, and
vigorous 13
Controls:
No control
group
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Doury-Panchout| 71 patients | 42.3 BMI: 26.8 (5.4) 9.1(7.1) Disability: CPET on a cycle Total group 21.6 mL/kg/ | No significant differences in
2012 [20] with CLBP: | (9.1) kg/m? months Not reported ergometer, a maximal | min, males 24.3 mL/kg/min,| aerobic capacity between
50 males, 21 Physical activity: | progressive test was females 19.4 mL/kg/min |patients with CLBP and other
females Not reported used, starting at 30 W chronic pain conditions
and increasing with 30 (patients with upper limb
W increments lasting musculoskeletal disorders
three minutes each. The or patients with multifocal
test was stopped due to chronic pain) were found in
exhaustion (indicated this study. The authors com-
as submaximal test) pared the results of patients
or when the maximum with CLBP with a healthy
heart rate was reached age- and sex-matched refer-
(maximal test). ence group and concluded
that patients with CLBP had
a lower aerobic capacity
[63]. Of the total popula-
tion, 58.1% did not perform
a maximal test (maximum
heart rate was <95% of the
theoretical maximal heart
rate). This percentage was
not specifically reported for
the group of patients with
CLBP.
Controls:
No (pain-
free) control
group
Duque 2009, | 70 patients | males: | Body mass: males | males 63.4 Disability: CPET on a cycle ergom- Total group 2.2 (0.7) L/ Authors indicate that
2011 [10,21] | with CLBP 38.9 72.7 (7.7) kg, fe- months, MWI: 3.9 (2.3), eter, an incremental | min, 30.8 (7.7) mL/kg/min, | aerobic capacity of patients
able to per- | (7.7), | males 64.0 (11.1) | females 76.2 | males 3.5 (2.2), | discontinuous maximal | males 2.6 (0.6) L/min, 33.9 | with CLBP is interpreted as
form a maxi- | females kg months females 4.3 (2.4) | testwas used. Initial | (6.75) mL/kg/min, females | a similar aerobic capacity
mal exercise | 39.7 BMI: males 24.5 Physical activity: |work rate was 30 Wand| 1.7 (0.4) L/min, 22.7 (7.3) | compared to a healthy but
test: 6.7) (2.3) kg/m?, Strenuousness |each 3 minutes followed mL/kg/min poorly conditioned refer-
37 males, 33 females: 24.5 (4.8) at work (%), by a 30 W increase up ence group. [21] A total of
females kg/m? males: light 3.7%, | to exhaustion. Between 31 patients stopped the test
medium 14.8%, | each stage there was a because of quadriceps/leg
and heavy 81.5%, 1-minute rest stage. fatigue, exhaustion, maximal
females: light heart rate, or low back pain.
8.1%, medium The patients who stopped
48.6%, and heavy the test did not differ
43.2% regarding anthropometric
parameters, severity or level
of disability compared to the
patients who were able to
complete the test. Data from
these patients were not used
in the analysis.
Duque 2009 Controls:
[21] No control
group

Citation: Ivan PJ Huijnen, et al. “Does Physical Deconditioning in Chronic Low Back Pain Exist? A Systematic Review". Acta Scientific Medical Sciences 6.1 (2022): 191-216.



Does Physical Deconditioning in Chronic Low Back Pain Exist? A Systematic Review

198

Duque 2011 Controls: | males: | Body mass: males Physical activity: Total group 2.45 (0.5) L/ When compared with
[10] 37 males, 39.3 69.8 (5.5) kg, Male controls: min, 37.0 (7.0) mL/kg/min, healthy age- and sex-

33 females | (7.8), | females 61.8 (8.5) light 1.5%, males 2.82 (0.4) L/min; 40.5| matched controls, it was
(matched |females kg medium 9.8%, mL/kg/min, females 2.1 found that patients with
with pa- 39.4 BMI: males 23.6 and heavy 88.7%, (0.4) L/min, 33.1 (6.1) mL/ |CLBP had alower VO, _(p<

tients, also | (6.9) (1.4) kg/m?, female controls: kg/min 0.01).[10] Male and female
reported in females: 23.4 (3.5) light 4.2%, me- patients with CLBP had a
2009 study) kg/m? dium 50.1%, and lower aerobic capacity, both
heavy 45.7% absolute and corrected for

body mass, than healthy

controls (respectively p <
0.05 and p < 0.001 for males
and p < 0.001 and p < 0.001

for females).
Hoch 2006 [22] | 21 female 37.5 Body mass: 67.0 | Not reported Disability: CPET on a treadmill. 35.8 (8.0) mL/kg/min Patients with CLBP (only
patients (7.4) (14.7) kg; ODI: 19.0 (13.3) | The first stage was a 2.0 females) had a lower

with CLBP Body fat: 28.2 Physical activity: | mph and 2.5% grade aerobic capacity compared

(4.0) % Weekly exercise followed by 3.0 mph to controls (p < 0.05). The
frequency: 2.8 and grade 5.0%. The frequency (days/week) and

(0.9), duration | next stage was 3.0 mph duration (min/session) of

in minutes per and grade 10.0%. The exercise was significantly
session: 37.6 (6), | first three stages were lower in patients with CLBP

intensity (rating | 4 minutes each. Next, and might be related to

of perceived exer- | the speed and graded the lower aerobic capacity.

tion) 12.4 (1.1) | are set on an individual Controls scored at the 75t

basis to result in voli- percentile of the norm val-

tional fatigue in 4 to 6 ues, indicated as good, and

minutes. patients with CLBP scored

at the 50" percentile of the

norm values, indicated as

fair. [48]
Controls: 35.7 Body mass: 65.9 Physical activity: 40.6 (8.0) mL/kg/min

20 controls | (7.5) (13.7) kg Not reported

(females) Body fat: 24.2
(4.0) %

Kell 2009 [23]

27 patients
with CLBP:
16 males,
11 females
randomized
in 3 groups

CPET on a cycle ergom-
eter, an incremental
protocol in which the
resistance for male
subjects started at 1
kilopond per minute
and for female subjects
at 0.5 kilopond per min-
ute, and every minute
resistance was in-
creased by 0.5 kilopond.
Probably kilopond
should be kilopond per
kg body mass. The test
was performed on a
cycle ergometer with
a pedaling frequency
between 60 and 65
rotations/min up to
maximal exhaustion.

No relevant conclusions can
be drawn for this study.
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G1: 6 males, | 40.1 Body mass: 88.4 |27.6, ranging Disability: 32.2 (9.4) mL/kg/min
3 females (8.7) (22.4) kg from 6to 96 | ODI: 40.4 (2.4)
Body height: 1.74 | months (all | Physical activity:
(0.08) m patients) |Godin leisure-time
exercise survey:
mean of 9.5, rang-
ing from 6 to 22)
indicating low
physical activity
level
G2:5males, | 36.7 Body mass: 81.7 Disability: 34.5 (7.7) mL/kg/min
4 females | (8.90) (11.5) kg ODI: 39.8 (2.3)
Body height: 1.73 Physical activity:
(01)m Godin leisure-time
exercise survey:
mean of 9.5, rang-
ing from 6 to 22,
indicating low
physical activity
level
G3: 5 males, | 35.3 Body mass: 87.4 Disability: 34.8 (11.0) mL/kg/min
4 females (7.3) (28.0) kg ODI: 39.2 (3.4)
Body height: 1.70 Physical activity:
(0.11) m Godin leisure-time
exercise survey:
mean of 9.5, rang-
ing from 6 to 22,
indicating low
physical activity
level
Controls:
No control
group
Koldas Dogan | 60 patients CPET on a treadmil, No relevant conclusions
2008 [24] with CLBP: Bruce protocol. can be drawn for this study.
15 males, Results of VO, are very
45 females, low and seem VO, values
randomized in L/min. However, body
in 3 groups mass data were not reported
in the manuscript and not
provided after requesting
the author; therefore, it was
not possible to recalculate
VO, values to mL/kg/min.
G1: 4 males, | 37.1 Not reported 38.8 (56.7) Disability: 2.3 (0.6) mL/kg/min
15 females | (6.5) months Not reported
Physical activity:
Not reported
G2: 4 males, | 41.5 62.6 (81.0) Disability: 2.2 (0.5) mL/kg/min
14 females | (8.3) months Not reported
Physical activity:
Not reported
G3:4 males, | 42.1 59.4 (61.5) Disability: 2.1 (0.6) mL/kg/min
14 females | (9.5) months Not reported
Physical activity:
Not reported
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CPET on a cycle ergom-
eter, an incremental
protocol in which the
resistance for male
subjects started at 30
W and was increased by
15 W/min up to maxi-
mal exhaustion, while
for female subjects,
resistance started at 20
W and was increased by
10 W/min up to maxi-
mal exhaustion.

No relevant conclusions
can be drawn for this study,
as V0,  values were not
presented separately for
males and females. However,
while taking the average
age- and sex-distribution of
the included population into
account, VO,  values would
be classified as poor-to-fair
compared to sex- and age-
matched reference values.
[46]

31.2 (9.3) mL/kg/min

28.8 (8.0) mL/kg/min

Controls:
No control
group
Verbrugghe 38 patients | 44.1
2019 [26] with CLBP: | (9.8)
12 males, 26
females, ran-
domized in
two groups
G1: HIT: 6 443 BMI: 25.6 (4.0) 141.6 Modified ODI:
males, 13 (8.8) kg/m? (100.8) 22.8(9.4)
females months PASIPD: 16.5
(10.6)
G2 MIT: 6 44.0 BMI: 25.9 (3.6) | 123.6 (85.2) | Modified ODI:
males, 13 | (11.0) kg/m? months 18.8 (9.2)
females PASIPD: 14.9
(11.7)
Verbrugghe | 101 patients | 44.2 BMI: 25.0 (3.7) 144.0 Modified ODI:
2020 with CLBP: | (9.6) kg/m? (105.6) 21.1(10.1) %
[25] 39 males, 62 months PSFS: 42.5 (16.5)
females %

CPET on a cycle ergom-
eter, an incremental
protocol in which the
resistance for male
subjects started at 30
W and was increased by
15 W/min up to maxi-
mal exhaustion, while
for female subjects,
resistance started at 20
W and was increased by
10 W/min up to maxi-
mal exhaustion.

2.3(0.7) L/min
31.8 (8.0) mL/kg/min

The authors concluded that
patients had a fair VO,
compared to sex- and age-
matched reference values.
[46] However, it is difficult to
draw relevant conclusions, as
VO, values were not pre-
sented separately for males
and females. Patients scored
rather low on disability level.
Remarkably, all patients
were able to perform a valid
maximal effort on the cardio-

pulmonary exercise test.

Abbreviations: ALBPDS= Aberdeen Low Back Pain Disability Scale; BMI= Body Mass Index; CLBP = Chronic Low Back Pain; CPET= Cardiopulmonary Exercise Testing; HIT= High-
Intensity Training; MIT= Moderate-Intensity Training; MRI= Magnetic Resonance Imaging; MWI= Main and Waddel’s Functional Index; ODI= Oswestry Disability Index; PASIPD=
Physical Activity Scale for Individuals with Physical Disabilities; PSFS= Patient Specific Functioning Scale; RPE= Rating of Perceived Exertion; SD= Standard Deviation; VO, max=

Maximal Oxygen Uptake.

Table 2: Results of aerobic capacity measured with a maximal exercise tests in patients with CLBP.

made between patients with CLBP and healthy controls [17,23,24]. A recent study [25]
that included patients with CLBP with a rather low mean score on the Oswestry disability
index of 21.1 (10.1), indicated that included patients can be categorized as having a fair

aerobic capacity compared to sex- and age-related norm values [46].

Five studies (45.5%) reported whether patients were able to perform the maximal
cardiopulmonary exercise test [10,18,20,21,25]. In one study, one out of nine patients
(11.1%) did not perform with maximal effort [18], whereas in the two articles of Duque.,
et al. [10,21], 30.7% of the patients with CLBP stopped the maximal cardiopulmonary
exercise test prematurely. In another study, values of a population consisting of patients
with upper limb pain, multifocal chronic pain, and CLBP (45.8% of total population) were

presented, but values regarding the percentage of patients stopping the test prematurely

were not specifically presented for the patients with CLBP [20]. This study reported that
only 41.9% could perform a valid maximal cardiopulmonary exercise test (maximum
heart rate achieved during the test <95% of the predicted maximal heart rate). In the
study of Verbrugghe., et al. [25], all patients were able to complete the maximal exercise
test.

Two studies (18.2%) did not report the duration of pain complaints [18,22]. The oth-
er studies reported pain duration varying from 9.1 to 144.0 months [20,25]. Four studies
(36.4%) did not report the disability or physical activity level of the included population
[17,18,20,24]. Studies reporting the disability level used the Aberdeen low back pain
disability scale [19], the Main and Waddel’s functional index [10,21], and the Oswestry
disability index [22,23,25,26].
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Results of studies using submaximal exercise tests

Table 3 presents the results of studies that estimated aerobic capacity in patients with
CLBP using a submaximal exercise test. In three of the 17 studies (17.6%), age- and sex-
matched healthy controls were included [27,32,35]. Brox., et al. [27], scoring 1/9 items as
low risk for bias on the critical appraisal, included a severely disabled patient population,

and Rasmussen-Barr,, et al. [35], scoring 7/9 items as low risk for bias, included a moder-

201
ately disabled population. However, both studies did not find a significant difference in
aerobic capacity between patients with CLBP and healthy controls [27,35]. Nevertheless,
Rasmussen-Barr, et al. [35] found that female patients with CLBP had a significantly low-
er aerobic capacity compared to healthy female controls. Keller, et al. [32], scoring 5/9
items as low risk for bias, concluded that patients with CLBP had a significantly lower
aerobic capacity compared to healthy controls, but did not report the disability or physi-

cal activity level.

Name first au- | Number of Agein | Anthropomet- | Duration | Disability level Test protocol Vo, . (SD) Conclusions
thor and year subjects |years (SD) rics (SD) of com- and physical
of publication plaints |activity level (SD)
(SD)
Brox 2005 [27] | 45 patients | 37.5(7.4) | Body mass: 75.6| Notre- Disability: The authors describe | 31.8 (8.6) mL/ |A nearly statistically significant difference
with CLBP: (15.7) kg ported ODI: 43.5 (13.3) that they used the kg/min (p = 0.06) was found comparing aerobic
21 males, 24 Body height: Physical activity: | Astrand test protocol; capacity between patients with CLBP and
females 172.0 (15.7) cm Not reported however, the referred healthy controls. Patients with subacute
study of Astrand does low back pain were also included in this
not describe a specific study. Aerobic capacity of this group was
protocol [64] similar to patients with CLBP, but dif-
fered statistically significant compared to
healthy controls (p = 0.004).
Controls: 35.7 (7.5) |Body mass: 74.5 Disability: 34.7 (9.0) mL/
45 controls, (10.8) kg ODI: 1.6 (3.5) kg/min
21 males, 24 Body height: Physical activity:
females 173.8 (10.8) cm Not reported
Hodselmans 24 patients Modified indirect No comparison with pain-free controls.
2001 [30] with CLBP: Astrand test protocol.
12 males, The modification was
12 females, that the work rate was
randomized determined on lean
in 2 groups body mass. Patients
started at a work rate
of 0.5 W/kg Ibm. After
2 minutes, work rate
increased to
1.5 W/kg Ibm, at
which patients were
required to cycle for 6
minutes.
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Experimental | 38 (7.7) Not re- Disability: 441 (9.1) mL/
group: ported RDQ: 12.5 (6.9) kg Ibm/min
7 males, 7 Physical activity:
females Not reported
Control 32(8.1) Disability: 54.6 (18.4) mL/
group: RDQ: 8.1 (4.0) kg Ibm/min
5 males, 5 Physical activity:
females Not reported
Controls:
No pain-free
control group
Hodselmans 20 patients | 33.8 (8.6) | Body mass: 73.9 68.0 Disability: Modified indirect Mean VO, (2| Aerobic capacity of patients with CLBP
2008 [28] with CLBP: (14.7) kg (ranging | RDQ:10.2 (5.3) | Astrand test protocol. | measurements, | was significantly lower than (younger)
8 males, 12 Body height: from 8.0 | Physical activity: | The modification was n=18),2.7 movement sciences students for both
females 1.76 (0.1) m to 180.0) Notreported | thatthe work rate was| (0.9) L/min, absolute as relative to body mass and
months determined onlean |36.9 (11.9) mL/| lean body mass (respectively p < 0.014,
body mass. kg/min, 49.7 p < 0.005, and p < 0.045). One patient
Patients started ata | (12.6) mL/kg |(5%) stopped the test prematurely due to
work rate of 0.5 W/kg Ibm/min fatigue and pain and the result of one pa-
Ibm. After 2 minutes, tient was presented as a possible outlier.
work rate increased to
1.5 W/kg Ibm. If the
heart rate remained
<120 beats/min,
the work rate was
increased by 0.5 W/kg
Ibm every 2 minutes.
Once the heart rate
was >120 beats/min,
the patient cycled 6
minutes on a fixed
work rate to reach
steady state, mean-
ing that heart rate did
not vary more than
+5 beats/min during
the final 2 minutes of
exercise.
Controls: 22.0 (1.6) | Body mass: 72.4 Physical activity: 3.5 (1.0) L/min,
20 controls, (8.5) kg Not reported 48.6 (11.6) mL/
10 males, 10 Body height: kg/min, 58.3
females 1.79 (0.1) m (12.8) mL/kg
Ibm/min

Citation: Ivan PJ] Huijnen, et al. “Does Physical Deconditioning in Chronic Low Back Pain Exist? A Systematic Review". Acta Scientific Medical Sciences 6.1 (2022): 191-216.




Does Physical Deconditioning in Chronic Low Back Pain Exist? A Systematic Review

203

Hodselmans
2010 [29]

101 patients
with CLBP:
55 males, 46
females

39.2 (9.6)

(15.5) kg
Body height:
174.0 (9.0) cm

Body mass: 81.9

64.1 (68.4)
months

Disability:
Not reported
Physical activity:

Sport activity per

week: n =53 <1

hour,n =36 1-2

hours,n=12 3-6
hours

Modified indirect
The modification was

determined on lean
body mass. Patients
started at a work rate

2 minutes, work rate
increased to
1.5 W/kg Ibm. If the
heart rate remained
<120 beats/min,
the work rate was

Ibm every 2 minutes.
Once the heart rate
was >120 beats/min,
the patient cycled 6
minutes on a fixed
work rate to reach
steady state, mean-
ing that heart rate did
not vary more than
+5 beats/min during
the final 2 minutes of
exercise.

Astrand test protocol.

that the work rate was

of 0.5 W/kg Ibm. After

increased by 0.5 W/kg

kg/min, 45.7
(9.6) mL/kg
Ibm/min (all n
=91)

2.5 (0.6) L/min,
32.1(7.3) mL/

Patients with CLBP had a lower aerobic
capacity normalized for body mass and
lean body mass (both p < 0.001) com-
pared to sex-, age-, and physical activity-
matched normative controls based on a
Dutch database [65].

Controls:
No control

group

Hurri 1991 [31]

245 patients
with CLBP:
174 males, 71

females

Males 44.1,
females
45.6

Not reported

Males 13.3
years,
females 9.9

years

Disability:
Not reported
Physical activity:
Not reported

An incremental bicycle
test was used. The ini-
tial work rate was 25
W and each 4 minutes
a 25 W increase was
applied up to subjec-
tive maximum or
interruption for medi-
cal reasons. From two
to three submaximal
work rates heart rate
frequency was used to
estimate VO, .

Males 2.7 (0.5)
L/min, 33.7
(6.4) mL/kg/
min, females
2.1 (0.4) L/min,
30.0 (6.7) mL/
kg/min

Patients with CLBP included from a popu-
lation of physically strenuous or mod-
erately strenuous workers had a similar
aerobic capacity compared to sex- and
age-matched Czechoslovak normative
controls [66].

Controls:
No control

group
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Keller 2001 [32] | 31 patients 36 (30- |Body mass: 68.0| 4.0 (1.4- Disability: The Astrand test pro- Three tests Patients with CLBP had a lower aerobic
with CLBP: 42.5), (61.0-74.0) kg, 10.0) Not reported tocol [11]0 The work performed. | capacity compared to age-, sex-, and body
7 males, 24 median median (quar- years, Physical activity: rate was set within Results of the mass-matched controls (p < 0.001).

females (quartiles) tiles) median Not reported the first 2 minutes and | first test were
BMI: 22.3 (21.5 | (quartiles) aimed to reach a heart | 36 (32-46) mL/
- 25.5) kg/m?, rate >120 beats/min. |kg/min, median
median (quar- The test lasted for 6 (quartiles)
tiles) minutes. If heart rate
changed more than
+4 beats/min, the test
continued with 1-min-
ute increments until
a steady state was
obtained. If the heart
rate had not reached
>120 beats/min, or if
it was too high, the test
was stopped.
Controls: |32 (29-42),| Body mass: 65 Physical activity: 48 (40-55) mL/
31 controls, median (61-72.8) kg, Not reported kg/min, median
7 males, 24 | (quartiles) | median (quar- (quartiles)
females tiles)
BMI: 22.9 (21.5
- 24.5) kg/m?,
median (quar-
tiles)
McQuade 1988 | 96 patients | 44.0 (9.7) | Notreported |79.2(97.2) Disability: A physical work capac- Although The unit in which oxygen uptake (aerobic
[33] with CLBP: months | SIP: physical dis- | ity-150 test was used. | no unit was capacity) was expressed is unknown,
50 males, 46 ability 4.9 (5.9), | A computer automati- |specified, VO, _ | probably in mL/kg/min. In addition, it is
females psychosocial dis- | cally provided resis- | results of 20.5 | unknown whether the reported oxygen
ability 8.2 (8.3) | tance based on heart | (6.6) seem to uptake is an estimated (extrapolated)
Physical activity: | rate and guidelines for | be reported in maximum aerobic capacity. Based on
Average stand- | pedaling frequency. A | mL//kg/min the rather low values this seems to be
ing and walking | work rate-heart rate unlikely. No relevant conclusions for this
activity 5.7 (1.8) | ratio was calculated study can be drawn.
hours/day and subsequently
standardized to an ex-
ercise heart rate level
of 150.
Controls:
No control
group
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kg/m? females:
24 (5) kg/m?

Physical activ-
ity patients with
CLBP: Performing
physical activi-
ties: patients with
CLBP: 16% never,
23% once a month
or less, 32% once
per week, 30%
more than once
per week

of >120 beats/min.

Protas 2004 504 patients | 40.1 (9.6) | Notreported |16.0(27.1) Disability: An incremental bicycle| 339 patients | Patients with CLBP had a similar aerobic
[34] with CLBP: months | VAS (0-100) 87.6 | test was used. The ini- | with CLBP with | capacity compared to patients with cervi-
341 males (23.8) tial work rate was 25 a valid test: cal disorders. No asymptomatic controls
(67.7%), 163 Physical activity: | W and after 3 minutes [29.6 (10.7) mL/| were included. However, 33% were un-
females Not reported work rate was in- kg/min able to complete the exercise test. These
creased by a heart rate patients were more often women, older,
dependent automatic and of Hispanic ethnicity. Patients with an
response between 50 invalid score scored higher on disability
and 100 W (computer- score, pain intensity, and depressed mood
ized calculation). In compared to patients with a valid score.
case the patient did As no comparison was made with healthy
not reach 85% of the controls, no relevant conclusions for this
maximum heart rate study can be drawn.
or did not stop the test
for example because of
fatigue, a similar calcu-
lation was performed
after 3 minutes for the
third and fourth stage.
If at least two stages
were ended due to fa-
tigue with a heart rate
280 beats/min the test
was valid. The test was
always discontinued
once the individual
reached 85% of pre-
dicted maximum heart
rate.
Controls:
No control
group
Rasmussen-Barr| 57 patients Total Body mass: total | 19 patients Disability: The Astrand test pro- Total group | Patients with CLBP had a similar aerobic
2008 [35] with CLBP: | group 38 | group 76 (16) | >8 weeks | ODI: total group | tocol. The test started [35.8 (10.8) mL/| capacity as healthy controls. Female
29 males, 28 |(11), males| kg males86 | of current | 22 (ranging from | with cycling ata work | kg/min, males patients had a lower aerobic capacity
females 39(11), |(10) kg, females | pain, 38 12 to 28), males | rate of 0.5 W/kg for |38.1 (10.6) mL/| than healthy female controls (p = 0.029).
females 37 68 (16) kg patients | 20 (ranging from | 2 minutes. Work rate |kg/min, females| All patients (and controls) were able
(11) BMI: total group | >12 weeks | 14 to 32), females | was then gradually |33.6 (10.6) mL/| to complete the test according to the
25 (4) kg/m?% | of current | 21 (ranging from | increased to achieve a kg/min protocol. Although the authors discuss
males: 26 (3) pain 12 to 38) steady state heart rate these values as normal, when comparing

the control group with reference values of
one large data set, aerobic capacity of the
female control group scored in the good
category, whereas the male control group
scored in the poor/untrained category
[65,67].
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Controls: Total Body mass: total Physical activity Total group
57 controls: | group 38 | group 73 (14) controls: 39.0 (9.0) mL/
29 males, 28 |(11), males| kg, males 83 Performing physi- kg/min, males
females 39 (11), |(10) kg, females: cal activities: 5% 38.2 (8.5) mL/
females 37 62 (8) kg never, 16% once kg/min, females
(11 BMI: total group a month or less, 39.8 (9.7) mL/
24 (4) kg/m?, 57% once per kg/min
males 25 (3) kg/ week, 19% more
m?, females 22 than once per
(3) kg/m? week
Robert 1995 30 patients | 31 (rang- Body mass: Number of Disability: The YMCA submaxi- 30.5 mL/kg/ Based on reference values published in
[36] with CLBP: ing from | males 82.7 kg, | months off Not reported mal cycle ergometer min an older edition of the book of Heyward
27 males,3 | 20to 59) | females 75.5 kg | work: 9.3 | Physical activity: | protocol. All patients (2" edition, published in 1991), patients
females (ranging Not reported completed the second with CLBP were categorized as fair to
from 1 to and third work rates average regarding their aerobic capacity
30) months of the test. These two [68]. However, when compared to a large
points were used to dataset now also published in a more
plot the slope of the recent edition of the book of Heyward
line to estimate VO, _ . (7™ edition, published in 2014), patients
with CLBP in this study are categorized in
the poor category [46]. All patients were
able to complete the test according to the
protocol. No other relevant conclusions
were drawn.
Controls:
No control
group
Smeets 2009 [9] | 223 patients Total Body mass: | Total group Disability: Modified submaximal | Total group Patients with CLBP had a statistically
with CLBP: | group 42 | total group 81.0 | 24 (12-72) | RDQ: total group | Astrand bicycle test. | 28.8 (7.2) mL/ | significant lower aerobic capacity than
118 males, (10.0), |(16.0) kg, males| months, | 13.8(3.8), males | The modification was | kg/min, 41.3 | age-, sex-, and physical activity-matched
105 females males 88.0 (15.2) kg, | median |13.8(3.9), females | that the work rate was | (9.1) mL/kg normative controls (p < 0.001) [65].
43 (9.1), females 74.0 (first and 13.9(3.0) determined on lean |lbm/min, males| Male patients had a statistically signifi-
females 40 (13.4) kg third quar- | Physical activity: body mass [30]. 29.2 (7.8) mL/ | cantlower aerobic capacity than female
(10.9) |Lean body mass:|tile), males| Baecke physical | Patientsstartedata | kg/min, 38.9 |patients (p <0.001). A total of 43 patients
total group 55.6 | 31 (14-84) |  activity ques- work rate of 0.5 W/kg (8.8) mL/ were not able to complete the test ac-
(11.2) kg, males | months, | tionnaire: work: | Ibm. After 2 minutes, | kglbm/min, cording to the protocol (19.3%). Main
63.7 (8.2) kg, median total group 2.4 | work rate increased to | females 28.5 |reasons premature test termination were
females 46.9 (firstand | (ranging from 0 1.5 W/kg lbm. If the | (6.5) mL/kg/ pain and/or fatigue (n = 21), reaching
(6.3) kg third to 3.3), males 2.3 | heartrate remained | min, 43.9 (8.8) | their maximum heart rate (n = 6), too low
quartile), | (ranging from 0 <120 beats/min, mL/kglbm/ | pedaling frequency (n = 4). Patients that
females 18 | to 3.3), females the work rate was min stopped the test because of pain/fatigue
(11-60) | 2.6 (ranging from |increased by 0.5 W/kg reported higher levels of pain and disabil-
months, | 0to 3.4);leisure | lbm every 2 minutes. ity and had lower levels of aerobic fitness
median | time (medianand | Once the heart rate compared to participants who completed
(firstand | the first and third | was >120 beats/min, the test protocol. Five of the 180 patients
third quar- | quartile): total the patient cycled 6 who were able to complete the test used
tile) group 2.8 (2.3- minutes on a fixed beta-blockers and were excluded.
3.3), males 2.8 work rate to reach
(2.3-3.3), females | steady state, mean-
2.8 (2.5-3.5); sport| ing that heart rate did
(median and the | notvary more than
first and third +5 beats/min during
quartile): total the final minute of
group 0 (0-1.7), exercise.
males 0 (0-1.3),
females 0 (0-1.7)
Controls:
No control
group
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Storheim 2000 | 29 patients The Astrand test pro- No relevant conclusions can be drawn.
[37] with CLBP: tocol, not specified.
10 males,
19 females,
randomized
in 2 groups
Interven- |45.4 (11.1)| Body mass: 73.6| Notre- Disability: 37.4 (9.3) mL/
tion group (14.4) kg ported ODI: intervention kg/min
with CLBP: Body height: group with CLBP
5 males, 11 171.8 (10.8) cm 20.9 (9.1)
females Physical activity:
Physical activ-
ity during leisure
time (on a 4-point
scale, O=inactive,
4=great activ-
ity): intervention
group 0.81 (0.4)
Heaviness of work
load: n = 8 office
work, n = 7 light
manual handling,
n =1 heavy
manual handling
Control group | 48.3 (10.2) | Body mass: 70.0 Disability: 37.5 (6.4) mL/
with CLBP: (12.1) kg ODI: control group kg/min
5 males, 8 Body height: with CLBP 17.0
females 173.0 (9.8) cm (6.8)
Physical activity:
Physical activ-
ity during leisure
time (on a 4-point
scale, O=inactive,
4=great activity):
control group 1
(0.58)
Heaviness of work
load: n = 6 office
work, n = 6 light
manual handling,
n =1 heavy
manual handling
Controls:
No control
group
Van der Velde | 258 patients | 34.2 (8.1) |Pooled data [16]| Notre- Disability: The Canadian aerobic | Only percen- Aerobic capacity of patients with CLBP
2000 [38] with CLBP: BMI: 26.2 (5.6) ported |ODI: 29.7 (95% CI:| fitness test. Thisisa | tiles of patients | and controls both scored below the 1981
129 males, kg/m? 26.7-32.1) multistage submaxi- with CLBP Canada fitness survey population norms
129 females Physical activity: mal step test. and controls (n=13.258) [69]. It should be noted
Not reported against popula- | that controls were patients treated at
tion norms the same facility for general fitness. This
of aerobic | might explain their score below the popu-
capacity were lation norm.
reported[69]
Patients: mean
percentile rank
0f 19.64 (95%
Cl: 17.5-21.8)
Controls: 29.1 (10) Controls: Physical activity: Controls: mean
1001 con- BMI not re- Not reported percentile rank
trols, 415 ported 0of 35.58 (95%
males, 586 Cl: 34.1-37.1)
females
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A modified Astrand
protocol according to
the Siconolfi method.
For males >35 years
and for females of all
ages, the initial work
rate of 25 W was
increased by 25 W
every 2 minutes until
a target heart rate
was reached that was
70% of the predicted
maximal heart rate
(calculated as 220-
age). For males <35,
the initial work rate of
50 W was increased by
50 W every 2 minutes
if the heart rate was
less than 60% of the
predicted maximum
and by 25 W if it was
between 60% and
70%. After attaining
the target rate, all
patients continued
exercising at the same
work rate for at least
2 additional minutes
until steady state heart
rate was reached. In
the last 2 minutes, the
range in heart rate had
to be <5 beats/min
for the test to end. If
the variation was >5
beats, work rate was
increased again until
a steady state was
reached.

min, males 2.78

Total group
2.43 (0.65) L/

(0.49) L/min,
females 1.60
(0.24) L/min
Based on
reported body
mass and lean
body mass,
VOZmax
rected for body
mass and lean
body mass were
calculated.
Total group
29.6 mL/kg/
min, 42.7 mL/
kg Ibm/min,
males 32.2 mL/
kg/min, 45.1
mL/kg Ibm/
min, females
22.3 mL/kg/
min, 36.0 mL/
kg Ibm/min

cor-

Results were not compared with a control

or reference group. However, based on
the calculated VO, _ scores normalized
for body mass and lean body mass, pa-
tients scored relatively low [65].

Three patients (7.5%) did not perform

the exercise test according to the protocol
due to knee complaints (n = 1), back pain

(n =1) and not being able to follow the
test procedure (n = 1).

A submaximal bicycle
test protocol. The
initial work rate and
resistance were based
on the participant’s
heart rate, sex, and
physical condition.
This seems to be the
YMCA submaximal
cycle ergometer pro-
tocol.

Although
no unit was
specified, vo,
results of 25.2
(10.0) seem to
be reported in
mL//kg/min

No relevant conclusions can be drawn.

Verbunt 2003 37 patients Total Body mass: | Total group Disability:
[39] with CLBP group | total group 82.0 | 11.7 (8.5) | RDQ: total group
who were | 45.2 (7.8), | (16.5) kg, males years, 11.4 (5.4), males
able to com- | males 44.8 | 86.3 (15.8) kg, | males 12.1 | 9.9 (5.1), females
plete the test | (6.9), fe- females 71.7 | (8.6) years, 14.9 (4.5)
according to | males 46.1 (13.8) kg females | Physical activity:
the protocol: 9.9) Body fat: total | 10.9 (8.5) 52% of the pa-
26 males, 11 group 30.9 (8.5) tients participated
females %, males 27.7 in sports activities
(6.8) %, females on a regular basis,
39.1 (6.8) % 26% participated
in more than one
sport activity
Controls:
No control
group
Wallbom 2002 | 50 patients | 42.5(9.5) | Body mass: 83.3| 52 (maxi- Disability:
[40] with CLBP: (15.6) kg mum of QBPDS: 53.4
28 males, 22 Body height: 384) (15.9)
females 172.0 (9.0) cm | months Physical activity:
Not reported
Controls:
No control
group
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heavy manual
handling: 68.6%

Wittink 2000 [8]| 50 patients Total Body mass: | Total group Disability: Modified Bruce proto- Predicted Aerobic capacity of patients with CLBP
with CLBP: group total group 78.3 | 40.2 (50) Not reported col. The modification Vo, .. total was similar to aerobic capacity of age-,
22 males, 28 | 39.8 (8.3), | (19.1) kg, males | months, | Physical activity: was a lower initial group 34.7 sex-, and physical activity-matched con-
females males 39.3 | 84.4 (17.4) kg, | males 41.9 | Percentage thatis | workrateandaless | (10.6) mL/kg/ | trols [11,70]. Compared to this reference
(6.1), fe- females 73.5 (59.8) not working: total | steep ramp, butnot |min, males 39.3| population, aerobic capacity of female
males 40.1 (19.4) kg months, | group 54%, males | further specified. Pa- | (10.4) mL/kg/ | patients with CLBP was relatively less
(9.8) Body height: to- | females: 64%, females tients were instructed | min, females: affected compared to male patients, as
tal group 170.0 | 38.9 (41.9) 46%, to exercise aslongas | 30.9 (9.4)mL/ | VO, values of female patients corre-
(9.1) cm, males | months | Percentage work- | they could. A valid kg/min sponded to relatively active controls and
176.2 (7.1) cm, ing full time: total | VO,  was achieved the VO, values of male patients cor-
females 165.2 group 20%, males | when the participant responded to sedentary controls. Reasons
(7.5) cm 23%, females 18% | met the following for ending the test were because of pain
criteria: 1) an attained (50%), fatigue (42%), or test termination
maximum heart rate by reaching the determined maximum
>90% of predicted test criteria (8%). Males stopped more
(220-age), 2) a plateau frequently because of pain than females.
in oxygen uptake,
or 3) arespiratory
exchange ratio >1.00.
In case this was not
achieved VO, = was
extrapolated based on
the submaximal test
results (peak oxygen
uptake and peak heart
rate) to age predicted
maximum heart rate.
Controls:
No control
group
Wormgoor 2008 | Total group: Disability: The Astrand test pro- | Males 29.7 mL/| On average, patients with specific and
[41] 94 patients Not reported tocol, with a work rate | kg/min, females| non-specific CLBP scored below age-, sex-
Physical activity: |thatresulted in a heart| 27.8 mL/kg/ | , and body mass-specific normative con-
Not reported rate value between min trols (p < 0.001) [71]. Male patients with
120 and 170 beats/ specific low back pain scored on average
min after 6 minutes. 72% of their predicted Vo, . whereas fe-
male patients with specific low back pain
scored on average 80% of their predicted
VO, .. Male patients with nonspecific low
back pain scored on average 76% of their
predicted VO, _, whereas female patients
with nonspecific low back pain scored on
average 85% of their predicted VO, .In
total, patients with CLBP seemed to have
a mildly reduced aerobic capacity.
19 patients | 43.3 (7.7) | Body mass: 77.1 | Median of Disability: Males 28.4 mL/
with specific (11.5) kg 24 months | ODI33.4 (12.9) kg/min, females
low back pain, (interquar- | Physical activity: 26.0 mL/kg/
11 males, 8 tile range | Sedentary 15.8%, min
females of 132 light manual
months) | handling 15.8%,
heavy manual
handling: 68.5%
55 patients 42 (9.7) |Body mass: 79.0 | Median of Disability: Males 30.7 mL/
with non- (15.7) kg 60 months | ODI: 25.3 (12.3) kg/min, females
specific back (interquar- | Physical activity: 26.5 mL/kg/
pain, 29 tile range | Sedentary 11.1%, min
males, 26 of 185 light manual
females months) | handling 20.4%,
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22 patients | 40.1 (8.1) |Body mass: 69.5| Median of Disability: Males 27.4 mL/
with back (21.3) kg 41 months | ODI: 23.7 (12.9) kg/min, females
pain as part of (inter- Physical activity: 31.2 mL/kg/
a widespread quartile Sedentary 10%, min
pain problem, range of 60 light manual
7 males, 13 months) | handling 25.0%,
females heavy manual
handling: 65.0%
Controls:
No (pain-free)
control group
Abbreviations: BMI= Body Mass Index; Cl= Confidence Interval; CLBP = Chronic Low Back Pain; ODI= Oswestry Disability Index; QBPDS= Quebec Back Pain Disability Scale; RDQ=
Roland Disability Questionnaire; SD= Standard Deviation; SIP = Sickness Impact Profile; VAS= Visual Analog Scale; VO, = Maximal Oxygen Uptake.

Table 3: Results of aerobic capacity measured with a submaximal exercise tests in patients with CLBP.

In five studies (29.4%), aerobic capacity of patients with CLBP was compared with
normative data matched on age and sex [8,9,29,31,41]. Of these, two studies found a simi-
lar aerobic capacity in patients with CLBP compared to healthy controls, but both studies
did not report the disability or physical activity level [8,31]. In the critical appraisal, the
study of Hurri,, et al. [31], scored 2/9 and Wittink,, et al. [8], 4/9 items as low risk for bias.
Three studies found a significantly lower aerobic capacity in patients with CLBP [9,29,41].
The study of Smeets., et al. [9], scoring 8/9 items as low risk for bias, included patients
with a moderate disability level [47], and in the study of Wormgoor, et al. [41], scoring
3/9 items as low risk for bias, a moderately disabled nonspecific CLBP patient population
was included [41,42]. In the study of Hodselmans., et al. [29], scoring 3/9 items as low
risk for bias, the level of disability was not reported. In one study scoring 4/9 as low risk
for bias, data of patients with CLBP were compared with an unclearly defined healthy
population, probably matched for age and sex, and aerobic capacity of patients with CLBP
was considered as fair-to-average [36,48]. In one study (5.9%) scoring 5/9 items as low
risk for bias, aerobic capacity of patients with CLBP was compared with healthy controls
that were not matched on age and sex. The main focus of that study was on psychometric
properties and feasibility of a modified Astrand test. It was found that the aerobic capac-
ity of patients with CLBP was significantly lower [28]. In another study scoring 3/9 items
as low risk for bias, patients were not compared to age- and sex-matched healthy con-
trols [40]. In the study of van der Velde., et al. [38], scoring 1/9 item as low risk for bias,
aerobic capacity prior to an intervention was compared with normative data, and it was
concluded that the aerobic capacity of patients with CLBP was significantly lower [38]. In
five studies (29.4%), data of patients with CLBP were not compared to a control group or
normative data [30,33,34,37,39].

In seven studies (41.2%), information was provided about the number of patients com-
pleting the submaximal exercise test according to the protocol [8,9,28,34-36,39]. The per-
centage of patients who could not complete the test varied between 0% and 33%; these

patients had higher levels of pain and disability compared to those who were able to com-

plete the test. Four studies (23.5%) did not report the duration of the CLBP [27,30,37,38].
In the other thirteen studies, duration of complaints varied between a median score of
4.0 months [32] and a mean score of 79.2 months [33]. Three studies did not report the
disability or physical activity level of the included population [31,32,36]. Regarding dis-
ability level, five studies used the Oswestry disability index [27,35,37,38,41], four studies
used the Roland disability questionnaire [9,28,30,39], one study used the sickness impact

profile [33], and one study used a visual analogue scale to score the disability level [34].

Interpretation of results of aerobic exercise testing in patients with CLBP

A summary of the findings and discussion of the methodology used of each study is
presented in Table 4. In summary, 15 studies compared the aerobic capacity of patients
with CLBP to age- and sex-matched controls or norm values. Five studies compared the
aerobic capacity of patients with CLBP with the aerobic capacity of an age- and sex-
matched control group. Of these five studies, three studies (60.0%) found a significantly
lower aerobic capacity in patients with CLBP [10,22,32] and one study (20.0%) reported
a significantly lower aerobic capacity in women, but not in men [35]. One study found a
nearly statistically significant difference in aerobic capacity between patients with CLBP
and age- and sex-matched healthy controls [27]. Regarding differences in included popu-
lations in these five studies, three studies used the Oswestry disability index to measure
the level of disability. In two studies a relatively low score on the Oswestry disability
index was reported (a mean score of 19 [22] and a median score of 22 [35]) indicating
minimal-to-moderate disability, whereas the study of Brox., et al. [27] reported a high
mean score of 43.5 indicating severe disability [43]. In ten studies, aerobic capacity of
patients with CLBP was compared with norm values matched at least on age and sex
[8,9,18-21,25,29,31,41]. Results of these studies are inconclusive. Five studies (50.0%)
concluded that patients with CLBP had a lower aerobic capacity [9,18,20,29,41] and 5
studies (50.0%) found a similar aerobic capacity compared to age- and sex-matched
norm values [8,19,21,25,31].

Name first author
and year of
publication

Conclusions

Atalay 2012 [17]

In this study, similar aerobic capacity in male and female patients with CLBP or in CLBP patients with radicular or non-radicular pain were found. Aerobic
capacity was negatively associated with disc degeneration. No comparison was made with a pain-free control group and no comparison could be made with
an appropriate set of norm values for aerobic capacity. To test aerobic capacity, a modified Bruce protocol was used. However, modifications were not speci-
fied. Although a maximal exercise test was performed, no criteria were used to control for poor performance increasing risk of systematic underestimation

of some patients. The validity of testing equipment and calibration protocol were not reported. No overall score of all patients with CLBP was presented.
For the purpose of this review, aerobic capacity data of subgroups, based on lumbar disc degeneration, were pooled [16]. Test results of this study should be
interpreted with caution. The disability or physical activity level was not reported.
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Bachynski-Cole
1985 [18]

Results of this study showed that the maximal work rate of patients with CLBP was 70% of mean maximal work rate of a control population in a cited study
evaluating blood pressure response to exercise. A personalized graded maximal exercise test was used. To evaluate this with the control population, norm
data were not matched for age. As only one patient stopped the test because of pain, patients with CLBP appeared to be capable to complete exercise testing.
Although a maximal exercise test was performed, no information was given on how a maximal effort was distinguished from a submaximal performance
due to early test termination, increasing systematic risk of underestimation. Test results of this study should be interpreted with caution. The disability or
physical activity level was not reported.

Brox 2005 [27]

In this study, a nearly significant lower aerobic capacity (p = 0.06) was found in patients with CLBP compared to healthy age- and sex-matched controls. The
exercise protocol was described inadequately. In this study, the well-known validated Astrand submaximal exercise test was used, but the cited reference
does not describe the protocol. In addition, it is unclear whether an age-correction was applied when calculating aerobic capacity from the nomogram.

Chan 2011 [19]

In this study, patients were randomized to evaluate the effect of two treatments. At baseline, a Bruce test was performed to measure aerobic capacity. Ac-
cording to age- and sex-adjusted standards, 43% and 48% of the participants were ranked below the 50" percentile for VO, _, indicating that >50% of
the population in this study scored above the 50t percentile of the norm population. Patients were compared against age-adjusted normative values from
the Cooper institute [45]. Although a maximal exercise test was performed, there is a risk of systematic underestimation. No criteria were used to control
whether indeed a maximum test performance was achieved. The exercise test protocol duration was likely to be longer than 12 minutes, increasing risk of
poor performance in untrained subjects. The validity of testing equipment and a calibration protocol were not reported. Patients had a mean score of 30.8
and 28.8 on the Aberdeen low back pain disability scale (range 0-100).

Doury-Panchout
2012 [20]

In this study, aerobic capacity of patients with CLBP was compared with two other groups of patients with chronic pain syndromes (upper limb muscu-
loskeletal disorder and multifocal chronic pain). No significant differences between the three patient groups were found. Compared to a reference group
matched on age and sex, results of patients with CLBP corresponded with the physical condition category “very poor”. The exercise test was classified
submaximal in case of patient exhaustion before the theoretical maximal heart rate was reached. However, no other criteria of a maximal effort were used
to verify whether the performance was indeed submaximal. In addition, no extrapolation of this assumed submaximal aerobic capacity to a maximal aerobic
capacity was performed. The test was classified as maximal in case theoretical maximal heart rate was reached, but test termination might have been pre-
maturely. Therefore, there is a risk of systematic underestimation. The presented results were not reported separately for “submaximal” and “maximal” per-
formers. In addition, the cited reference group was not tested with the same protocol. Therefore, the results of this study should be interpreted with caution.

Duque 2009 [21]

According to the authors, aerobic capacity of patients with CLBP was similar compared to aerobic capacity of a healthy, but poorly conditioned reference
group matched on age and sex; however, the cited norm values are old and unclear. The decline of VO, __ with increasing age was in male patients with
CLBP lower than in healthy and active subjects. Patients performed a maximal cardiopulmonary exercise test, after which it was verified whether patients
performed a maximal effort. This control for maximal effort was performed with well-described secondary objective criteria. Patients, who did not perform
a maximal effort (31%) did not differ significantly from patients who performed a maximal effort concerning anthropometric parameters, severity of back
pain, and level of disability. Patients who did not perform a valid maximal cardiopulmonary exercise test were not included in the analysis.

Duque 2011 [10]

Results of this study showed that patients with CLBP had a lower aerobic capacity compared to a healthy asymptomatic age- and sex-matched control group
The patients reported in this study were the same patients as mentioned in the 2009 study [21]. Both absolute and relative (normalized for body mass)
. values were lower in patients compared to controls. Both male and female patients scored lower compared to controls. Male patients with CLBP had a

VO
2ma:
higher activity at work compared to females, which was assumed to explain this difference.

Hoch 2006 [22]

In this study, a lower aerobic capacity was found in the CLBP group compared to healthy controls (both only female) matched on age. However, the healthy

control group had a relatively high aerobic capacity (75" percentile of norm values) and the CLBP group scored at the 50 percentile. CLBP patients and
controls were highly educated and both highly active. Patients with CLBP had relatively low disability levels. Aerobic capacity was measured with a maximal
treadmill exercise test. No criteria to control for poor performance were used, increasing the risk of systematic underestimation; therefore, results should be
interpreted with caution.

[30]

Hodselmans 2001

This study was an intervention study that randomized patients in a control (waiting list) or intervention group, and no conclusion on aerobic capacity of
patients with CLBP was made. The control group was younger than the intervention group. Aerobic capacity was measured using a submaximal lean body
mass-based Astrand test (reported to be valid in the study of Hodselmans., et al. [28]).

[28]

Hodselmans 2008

The aim of this study was to investigate reliability, validity, and feasibility of the submaximal lean body mass-based Astrand test. The control group was
recruited from the student population of the University of Groningen, the Netherlands, and was therefore not comparable with the group of patients with
CLBP. However, aerobic capacity of patients with CLBP was lower compared to the control group. Aerobic capacity was measured using a submaximal exer-
cise test. No relevant conclusions on aerobic capacity in patients with CLBP were made, as this was not the aim of the study.

[29]

Hodselmans 2010

Patients with nonspecific CLBP had a significantly reduced level of aerobic capacity compared to an age-, sex-, and physical activity-matched Dutch reference
population. Aerobic capacity was measured using the valid and reliable submaximal lean body mass-based Astrand test.

Hurri 1991 [31]

The authors reported a similar aerobic capacity between patients with CLBP and a healthy reference population matched on age and sex. Aerobic capacity
from participants was estimated with a test protocol with questionable psychometric properties, after which estimated data were compared with a rela-
tively old set of reference values collected in participants from another country.

Kell 2009[23]

The aim of this study was to compare two treatments in patients with CLBP. Therefore, no comparison was made with a reference group or healthy control
group, and no relevant conclusions on aerobic capacity of patients with CLBP compared to healthy controls were made. Aerobic capacity was measured with
a maximal exercise test.

Keller 2001 [32]

In this study, patients with CLBP performed worse than controls on a submaximal exercise test (Astrand test). Although aerobic capacity was significantly
higher in the healthy subjects, the reported aerobic capacity of patients with CLBP in the current study (median of 36 mL/kg/min, interquartile range 32-
46) seem within the normal range when compared to larger reference sets [65].
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Koldas Dogan 2008
[24]

The study aim was to investigate the effects of three therapeutic approaches for patients with CLBP. One outcome of interest was aerobic capacity. However,

no control group was included and therefore no relevant conclusions for this review can be made. Aerobic capacity was measured using a maximal treadmill

test without controlling for maximal performance, increasing risk of underestimation caused by test termination before reaching objective maximal aerobic

capacity. The test protocol was not clearly described, making it unclear if this was in accordance with the regular test protocol. The values for aerobic capac-

ity were described as oxygen uptake in mL/kg/min. However, values seem to be in L/min, which could not be re-calculated because body mass values were
not provided (not in manuscript and also not after requesting the authors).

McQuade 1988
[33]

The main aim of this study was to describe the association between physical fitness and important aspects of CLBP. The authors tested aerobic capacity
with a submaximal exercise test (PWC-150). However, unit of oxygen uptake was not specified and it seems that values were not extrapolated to maximum
aerobic capacity. No comparison with controls or reference data was made.

Protas 2004 [34]

This study evaluated whether patients with CLBP and chronic cervical spine disorders differ in pre- and post-rehabilitation aerobic capacity. Patients with
CLBP had similar levels of aerobic capacity compared to patients with chronic cervical disorders. However, a large number (33%) of patients with CLBP
did not complete the submaximal exercise test before intervention. Therefore, it is questionable whether the chosen test is useful for patients with CLBP.

Patients were not compared against a healthy reference group matched on age and sex. Although not clearly described, it appears that patients were tested
according to the validated YMCA submaximal cycle ergometer protocol. When reported aerobic capacity values are compared to large reference sets on

aerobic capacity, CLBP patients scored in the poor-to-fair category [45].

Rasmussen-Barr
2008 [35]

A similar predicted aerobic capacity was found in patients with CLBP and age- and sex-matched healthy controls, measured with a submaximal exercise test
(Astrand test). Female patients with CLBP had lower levels of aerobic capacity compared to female controls. However, aerobic capacity of healthy female
controls was relatively high compared to large datasets, whereas male patients with CLBP had a similar score, as the control group was categorized as un-
trained or having a poor aerobic capacity [65,67].

Robert 1995 [36]

The goal of the study was to investigate the effect of a work hardening program. Patients were tested with a submaximal exercise test (YMCA submaximal
cycle ergometer protocol). Patients with CLBP had a fair-to-average aerobic capacity when compared to reference data published in 1991 [68]. However,
when compared to a more recent dataset published in a new edition of the book of Heyward., et al. patients would be categorized as poor [46,67].

Smeets 2009 [9]

Results of this study showed that most patients with CLBP-associated disability had a lower level of aerobic capacity compared to a reference group
matched on age, sex, and level of sports activity. Patients were measured using a submaximal exercise test (modified Astrand test). Aerobic capacity was
reported relative to body mass and relative to lean body mass.

Storheim 2000
[37]

The aim of this study was to evaluate the difference in effect of a training intervention between two groups of patients with CLBP. No comparison was made
against healthy controls. Aerobic capacity was measured using a submaximal exercise test (Astrand test). For the purpose of this review no relevant conclu-
sions were made.

Van der Velde 2000
[38]

Both patients and controls had a lower aerobic capacity compared to Canadian population norms from 1981. Aerobic capacity was only compared with the
population norm and not with the control group. Absolute VO, values were not reported. Only percentiles against the population norm were reported,
which limits interpretation and generalizability of the results. However, patients with CLBP scored at the 19.6 percentile (95% CI: 17.5-21.8) of a represen-
tative sample of the Canadian population.

Verbrugghe 2019
[26]

This study aimed to compare the effects of a high-intensity exercise therapy program with a similar moderate-intensity exercise therapy program on disabil-

ity, pain, function, aerobic capacity, and abdominal and back muscle strength in patients with CLBP, in which no comparison was made with healthy controls.

Aerobic capacity was assessed using maximal cardiopulmonary exercise testing on a cycle ergometer. As a group, patients would be classified in the poor-to-
fair category for aerobic capacity compared to sex- and age-matched norm values [46].

Verbrugghe 2020
[25]

The authors investigated to which extent disability, psychological and pain-related factors were associated with the outcomes of abdominal and back muscle
strength test and aerobic capacity (assessed using cardiopulmonary exercise testing on a cycle ergometer) in patients with CLBP. Patients would be classi-
fied in the poor-to-fair category compared to sex- and age-matched norm values for aerobic capacity [46] Based on the Oswestry disability index, patients

scored rather low regarding their disability level [43].

Verbunt 2003 [39]

The goal of this study was to test the assumption that fear of injury leads to disability and physical deconditioning in patients with CLBP, and to evaluate
the relation between disability and physical deconditioning. In this study, no comparison was made with healthy controls or a reference population. For the
purpose of this review the reported absolute VO, values were also normalized for body mass and lean body mass and compared with the norm population
of Vos [65]. It can be concluded that males and females with CLBP scored lower than the norm population. Exercise testing was performed using a validated
submaximal exercise test (Siconolfi test).

Wallbom 2002 [40]

The purpose of the study of Wallbom was to examine the correlation between cardiovascular performance, psychosocial factors, and perceived exertion
among persons with chronic pain. Patients seem to score rather low compared to norm values [67].

Wittink 2000 [8]

According to the authors, the aerobic capacity of patients with CLBP was similar to the aerobic capacity of age-, sex-, and physical activity-matched controls.
Vo, .. of females with CLBP corresponded to active controls, whereas the VO, of males with CLBP corresponded to sedentary controls. Although a maxi-

2ma;
mal exercise test should have been performed, extrapolation from submaximal performance was done in case predetermined VO,  criteria were not met.

Wormgoor 2008
[41]

Results of this study showed that patients with CLBP have mildly reduced values for aerobic capacity compared to normative data matched on age, sex, and
body mass. Males were more affected than females. Exercise testing was performed using the Astrand test.

Abbreviations: CI= Confidence Interval; CLBP: Chronic Low Back Pain; VO, = Maximal Oxygen Uptake.

Table 4: Interpretation of study results regarding aerobic capacity in patients with CLBP.
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Discussion

The main aim of this systematic review was to critically appraise the different meth-
odologies used to evaluate the aerobic capacity of patients with CLBP, as well as to un-
ravel whether patients with CLBP have a lower aerobic capacity compared to age- and
sex-matched healthy subjects. The main findings were that large differences exist in the
risk of confounding and bias of the protocols and methodologies used in the included
studies. Many different exercise test protocols and methodologies were used, and details
of included populations were not systematically specified regarding the level of disability,
physical activity, and duration of pain complaints. Without taking the above-mentioned
issues into account, most studies found a lower aerobic capacity in patients with CLBP

compared to age- and sex-matched healthy controls.

Based on the finding that most studies found a lower aerobic capacity in patients
with CLBP compared to age- and sex-matched healthy controls, one might conclude that
patients with CLBP are deconditioned. However, there are several points that warrant
cautiousness regarding this conclusion. First, of the 28 included studies in this review
using exercise tests to objectively measure or estimate aerobic capacity of patients with
CLBP, 15 studies compared the aerobic capacity of patients with CLBP with an age- and
sex-matched control group or norm values. Of these 15 studies, seven studies used a
maximal cardiopulmonary exercise test [10,18-22,25]. Four of these seven studies clearly
concluded that patients with CLBP have a lower aerobic capacity compared to controls
[10,18,20,22]. Maximal cardiopulmonary exercise testing is considered the gold standard
to assess aerobic capacity (VO, ) [7]. A clear plateau in oxygen uptake despite an in-
When a
the oxygen uptake during the last 30 seconds of the

2max:

crease in work rate at the end of the test is required to speak of a true VO, .
patient demonstrates no true VO
test (VO

maximal verification protocol following the cardiopulmonary exercise test. However, per-

2max’

) can be confirmed to be interchangeable with VO, by completing a supra-

2peak: 2max

forming a supramaximal exercise test is often not feasible in clinical populations; there-
fore, a valid interpretation of a maximal cardiopulmonary exercise test should minimally
use secondary objective criteria to verify whether or not the exercise test was performed
maximally. These secondary objective criteria might include a respiratory exchange ratio
at peak exercise >1.10 or a heart rate at peak exercise >95% of the age-predicted maximal
heart rate. In all included studies in this review using a maximal cardiopulmonary exer-
cise test, achieved VO, .. 0r VO, values were not verified by a supramaximal exercise
test in those subjects that did not show a clear VO, plateau at the end of the test. Only
four studies [10,21,23,26] used appropriate secondary objective criteria to verify the at-
tained VOZpeak orVvo, values, whereas the other seven studies executed the test with-
out controlling whether participants delivered a maximal effort [17-20,22,24,25]. Thus,
although four of the seven studies found a lower aerobic capacity of patients with CLBP
compared to an age- and sex-matched control group or norm values, it is unclear whether
the reported VO, , or VO,  values are ‘true’ VO,  values that are required to draw a
valid conclusion. The criteria used to discriminate between good and poor effort may
depend on exercise modality and the aerobic capacity may be reduced in exercise tests
of long duration and large increments [49,50]. The most optimal duration of the maximal
cardiopulmonary exercise test protocol (excluding warm-up and cool-down) is between 8
and 12 minutes, and work rate increments should be chosen carefully for each individual
participant (e.g. taking sex, body mass, and physical fitness into account) [51,52]. In the
included studies, it is questionable whether the applied increases in work rate resulted in
this optimal test duration. An alternative for maximal cardiopulmonary exercise testing

to measure the patient’s aerobic capacity is submaximal exercise testing. Despite the fact
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that indirect tests are more accessible and more easily implemented in clinical practice,
they rely on assumptions, such as a linear relation between heart rate and oxygen con-
sumption, a predicted maximal heart rate with a standard deviation of about 10 beats/
min, and/or a constant mechanical efficiency [53]. These assumptions are potential
sources of error in predicting aerobic capacity. For example, Akalan., et al. [54] found
that the mean difference between the estimated VO, _ from submaximal exercise tests
(YMCA, ACSM, and Astrand cycle ergometer test) was significantly lower than the ob-
served VO,  during maximal cardiopulmonary exercise testing. Moreover, predictions
of VO, _ based on submaximal exercise tests might be adequate at group level, but they
are insufficiently accurate in individual patients [13,55]. Submaximal exercise tests like
the Astrand test are often used as a less-sophisticated alternative for estimating aerobic
capacity in patients with CLBP. However, the validity and reliability was found to be poor
or unclear [13,54]. Overall, validity and test-retest reproducibility of the used test proto-
col was poor or not mentioned in the included studies. In eight of the 28 included studies
a submaximal aerobic exercise test was performed and predicted aerobic capacity of pa-
tients with CLBP was compared with an age- and sex-matched control group or norm val-
ues [8,9,27,29,31,32,35,41]. Four studies concluded that patients with CLBP had a lower
aerobic capacity compared to age- and sex-matched healthy controls [9,29,32,41], and

one study concluded that only female patients had a lower aerobic capacity [35].

Second, a subgroup of patients with CLBP was not able to complete a maximal exer-
cise test according to the protocol. Regarding maximal cardiopulmonary exercise testing,
five of the eleven studies reported the percentage of patients that appeared to be un-
able to perform the test maximally, which varied between 0 and 58% [10,18,20,21,25].
Patients who were not able and those who were able to complete the test did not differ
on the level of pain and disability [10,21]. Remarkably, all patients in the study of Ver-
brugghe., et al. [25] were able to perform a valid maximal effort; however, these patients
had a relatively low disability level. In a recent study and therefore not included in this
review, 91.9% of the patients with CLBP with a median score on disability were able
to complete a maximal cardiopulmonary exercise test [56]. In case a patient is either
unwilling or unable to deliver a maximal effort, the use of submaximal parameters de-
rived from maximal cardiopulmonary exercise testing seem essential to still be able to
gain insight in this patient’s aerobic capacity. The ventilatory anaerobic threshold and
the oxygen uptake efficiency slope might be useful and robust submaximal indicators of

a patient’s aerobic capacity, as these parameters correlate well with VO, in several pa-

2max
tient populations [57-59]. Especially the ventilatory anaerobic threshold might be a use-
ful measure, as work below this level encompass most daily life activities. Future studies
should assess the validity of submaximal indicators of aerobic capacity in patients with
CLBP, as well as compare their values with age- and sex-matched healthy controls. Re-
garding submaximal exercise testing, seven of the seventeen studies provided informa-
tion on dropouts [8,9,28,34-36,39]. The percentage varied between 0% and 33%. The
patients who stopped the test prematurely scored higher on disability and pain intensity
and lower on sports activity level compared to patients who completed the test [9,34].
As aerobic capacity of patients who were not able to complete the exercise test were not
available, these missing data could have biased the final results and interpretation. Based
on this, it should be considered that is unclear whether the used exercise test protocol
and/or outcome measures resulted in a selective dropout and this may have influenced

the results of the study.

Third, patients who are more disabled in daily physical functioning are assumed to

have a lower aerobic capacity [5]. To demonstrate whether this is actually the case, the
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disability or physical activity level of the patient population needs to be reported. How-
ever, in seven of the 28 included studies the disability or physical activity level was not
reported. If reported, diverse measurement instruments were used, making interpreta-
tion of the characteristics of the included populations challenging. Furthermore, aerobic
capacity as a characteristic of deconditioning is thought to be lower in patients with lon-
ger duration of CLBP. However, 6 of the 26 included studies did not report the duration of
CLBP [18,22,27,30,37,38]. In the study of Brox., et al. [27], the estimated aerobic capacity
of patients with chronic and subacute low back pain and healthy controls were compared
using submaximal exercise testing. Results showed that the aerobic capacity of patients
with subacute low back pain was lower than healthy controls, but the aerobic capacity
of patients with CLBP was not significantly different compared to healthy controls. For
patients with subacute low back pain, it is questionable whether this is indeed a sign of
physical deconditioning or whether a patient’s behavior during testing is measured [60].
Maximal aerobic capacity measurement might be limited by a patient’s behavior, result-
ing in a less adequate estimation of aerobic capacity. In the fear avoidance model, psycho-
logical factors as pain catastrophizing and fear of movement are assumed to influence
the patient’s daily life activities and in the long run result in deconditioning. However, no
association has been found between aerobic capacity and pain catastrophizing or fear of
movement in patients with CLBP [39,61]. However, when measuring a patient’s aerobic
capacity, one would assume to measure the actual aerobic capacity and not the patient’s
behavior during aerobic capacity testing. This emphasizes the importance of verifying
whether the patient adhered to the (sub)maximal exercise test protocol and performed a
true maximal effort when performing maximal cardiopulmonary exercise testing, which
is the preferred methodology. One can then also evaluate effort-independent indicators
of aerobic capacity (ventilatory anaerobic threshold and the oxygen uptake efficiency
slope). Furthermore, it is recommendable to describe the disability, physical activity level,

and duration of complaints of patients.

Fourth, regarding the use of an age- and sex-matched control group or the use of nor-
mative data to evaluate the aerobic capacity of patients with CLBP, it can be argued that
the use of a proper normative dataset collected using the same (sub) maximal aerobic test
and protocol is preferable over the use of a control group. When including a healthy con-
trol group there might be a risk of selection bias [44]. In case of a large recently collected
normative data set, the population can be divided in categories ranging from sedentary to
highly trained persons. Furthermore, different aspects like ethnicity, smoking habits, and
physical activity can be included as potential confounders. A nice illustration of this point
is made by the studies of Duque., et al. [10,21]. These two studies were based on the same
group of patients with CLBP. However, in one study the patients were merely compared
with a normative data set [21], whereas patients in the other study were compared with
a healthy control group and normative data [10]. This has led to different conclusions of

the aerobic capacity of patients with CLBP.

Study limitations

Several studies included and discussed in this review were not designed to evaluate
whether patients with CLBP have a lower aerobic capacity than healthy subjects (e.g.
study on effectiveness of treatment of which only baseline data were used for our review).
Therefore, some for the critical appraisal relevant items might not have been elaborated

in the methods, as these were not relevant for the aim of that particular study. We still de-
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cided to include these studies to give a complete overview and discussion of methods used
in the field of CLBP research. Due to the heterogeneity of the used exercise protocols and
methodologies, and since no study included in this review scored low risk for confounding

and bias on the critical appraisal, a meta-analysis was not performed.

Conclusion

It remains unclear whether deconditioning is present in patients with CLBP, as there are
several points that warrant cautiousness before drawing a definitive conclusion. It is rec-
ommended to use a maximal cardiopulmonary exercise test with an adequate assessment
of the patient’s effort when using aerobic capacity testing in clinical practice. If a patient did
not perform a maximal effort, submaximal indicators of aerobic capacity might be useful.
In case submaximal exercise testing is applied, protocol validity and test-retest reproduc-
ibility should be adequate and adherence of the patient should be critically evaluated. One
should be aware that utilizing submaximal exercise testing might result in a substantial un-
der or overestimation of aerobic capacity in individual patients. Finally, it remains unclear
whether patients with CLBP are indeed deconditioned. This should be evaluated in further
studies before aerobic capacity testing can be used to decide whether reconditioning of

patients is necessary or only treatments aimed at changing behavioral factors are sufficient.
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