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Abstract: Low back pain is a prevalent musculoskeletal disorder with high disability. Although
exercise therapy is an important part of the multidisciplinary treatment of non-specific chronic low
back pain (NSCLBP), the impact of exercise therapy on muscle morphology of the paraspinal muscles
is largely unknown. The main aim of this study is to evaluate the effects of a high intensity training
(HIT) program on muscle fiber characteristics of the multifidus (MF) and the erector spinae (ES)
musculature in persons with NSCLBP and to compare these results with the effects of a moderate
intensity training (MIT) program, which is used as a control group. In total, 38 participants with
NSCLBP were randomly assigned to a HIT or MIT intervention group. Participants performed a
12-week training program. At baseline and after the training program, biopsy samples from the
lumbar MF and ES were obtained. Muscle fiber characteristics were analyzed by immunofluorescence.
For the ES, no significant changes were found in muscle fiber CSA and distribution of muscle fiber
types in response to a training program at moderate or at high intensity. For the MF, a significant
higher muscle area occupied by type II muscle fibers, referred to as the relative cross-sectional area
(RCSA), was found in the HIT group. Based on muscle fiber characteristics in biopsy samples, a HIT
program of 12 weeks seems to result in a more glycolytic profile in the MF.

Keywords: multifidus; erector spinae; low back pain; high intensity training; muscle biopsy; muscle
fiber characteristics

1. Introduction

Low back pain is a highly prevalent musculoskeletal disorder that affects at least 80%
of all individuals at least once in their lifetime [1]. Although most cases of low back pain
resolve within 8–12 weeks, in a subset of patients the pain becomes chronic as it persists
longer than 12 weeks. Chronic low back pain has a lifetime prevalence of 23% and is
often associated with multiple influencing factors which complexes its management [2].
This chronic and complex condition leads to a loss of productivity, high levels of work
absenteeism and as such high direct and indirect healthcare costs [3,4]. Only in a small
percentage (<15%) of all patients with chronic low back pain, the pain can be attributed
to a specific underlying disease or pathology. The majority of the patients are, therefore,
categorized as nonspecific chronic low back pain (NSCLBP), in which the cause remains
unknown [1]. Several lumbar structures might be the source of the pain, but clinical tests
do not reliably attribute the pain to those structures [2]. One of these structures are the
paraspinal muscles that play an important role in stabilizing the lumbar spine [5].

There is accumulating evidence that NSCLBP is associated with paraspinal muscle
dysfunction, such as altered movement control, postural control, body awareness, de-
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creased muscle strength and self-assessed functional disability [6–11]. Muscle dysfunction
is often the result of muscle degeneration which is characterized by two main macroscopic
signs: muscle atrophy and fatty infiltration. Several studies have documented a smaller
anatomical cross-sectional area (CSA) [6,8,9] and an increase in fat content [6,11] of the
paraspinal muscles. Morphological changes to the paraspinal muscles can impair spinal
stability which might contribute to causing/maintaining NSCLBP [12]. Evidence on mus-
cle fiber characteristics at a microscopic level in low back pain is scarce and conflicting.
According to Crossman et al., 2004, there were no differences in muscle fiber type distri-
bution between persons with NSCLBP and healthy controls (HC) [13], while Agten et al.,
2020 showed that persons with NSCLBP have a more oxidative muscle fiber type profile
compared to HC [14].

An important feature that affects muscle morphology and muscle (dys)function is
exercise training [15]. Surprisingly and although exercise therapy plays an important
role in the multidisciplinary treatment of NSCLBP, the overall treatment effects remain
low [16]. Several training methods are used in the treatment of NSCLBP, including train-
ing protocols that aim to recruit the lumbar paraspinal muscles by using core stability
and endurance training. These exercise therapies focus on strengthening and decreasing
the fatigability of these muscles [17–19]. Since slow-contracting muscle fibers are more
resistant to fatigue, exercise training to decrease fatiguability might result in a more ox-
idative and slow-contracting muscle fiber profile [20–22]. However, Agten et al., 2020 [14]
showed that paraspinal muscles of persons with NSCLBP are represented with a more
oxidative and slow-contracting profile. Furthermore, it has been shown that exercise
therapy at low or moderate intensity in NSCLBP rehabilitation programs could be insuf-
ficient to have therapeutic effects [16,23], while a high intensity training (HIT) program
consisting of cardiorespiratory interval, general resistance and core muscle training has
been shown to have greater improvements on reducing disability and increasing exercise
capacity [24]. This improvement in disability and increased exercise capacity might be
the result of morphological changes in the paraspinal muscles. Changes in macroscopic
morphological muscle characteristics after exercise programs for low back pain are rarely
observed [18,25–27]. Only studies who used high intensity strengthening exercise protocols
have reported a consistent increase in CSA of the paraspinal muscles, especially the lumbar
multifidus muscle [18,28,29]. However, these studies did not investigate the effect on
microscopic muscle fiber characteristics. Hormones with anabolic properties can stimulate
protein synthesis or downgrade protein degradation, and hence, lead to an increase in
muscle size through a variety of downstream pathways [30]. Insuline-like growth factor 1
(IGF-1) is regulated by an anabolic hormone, growth hormone (GH) and enhances protein
synthesis, and thus, an increase in muscle CSA [30,31]. Previous research has shown that
IGF-1 serum levels are decreased in chronic pain [32]. Long-term exercise therapy can
elevate resting IGF-1 serum levels [33,34].

Therefore, the main goal of this pilot study was to evaluate the effects of a HIT
program, consisting of a combined cardiorespiratory, general full body resistance and core
muscle training protocol, on muscle fiber type characteristics of the lumbar multifidus
(and erector spinae) in persons with NSCLBP and to compare these results with the effects
of a similar training protocol at moderate intensity, which is used as a control group.
We hypothesize that there would be an increase in muscle fiber size combined with a
shift towards a more glycolytic muscle profile in the ES and MF after HIT. Since IGF-1
can enhance protein synthesis, and hence, can stimulate the increase in muscle fiber size,
we expected elevated IGF-1 serum levels after HIT.

2. Materials and Methods

Subjects
Persons with NSCLBP were recruited by local advertisement. Subjects with NSCLBP,

between 25–60 years of age and able to speak and understand Dutch, were included.
NSCLBP was defined as pain localized below the costal margin and above the inferior
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gluteal folds not attributable to a recognizable, known specific pathology (e.g., infection,
tumor, osteoporosis, fracture, structural deformity, radicular syndrome or cauda equina
syndrome) and persisting for at least 12 weeks. Subjects were excluded if they underwent
invasive surgery of the lumbar spine, had co-morbidities (e.g., paresis and/or sensory
disturbances by neurological causes, diabetes mellitus, rheumatoid arthritis), had a mus-
culoskeletal disorder other than NSCLBP that could affect the correct execution of the
therapy program, were pregnant, had ongoing compensation claims and/or work disabil-
ity >6 months, had followed an exercise program in the past 3 months or were not able
to attend regular therapy appointments. All interested subjects were invited for an intake
session. They were informed about all the aspects of the study, in- and exclusion criteria
were evaluated and a study-specific screening form concerning red flags for low back pain
rehabilitation was filled out under the supervision of the study physician. All subjects gave
their informed consent for inclusion before they participated in the study. This randomized
controlled trial is part of a larger project that evaluates the effects of training intensity
and training mode in NSCLBP rehabilitation, which was registered at clinicaltrials.gov
(accessed on 6 April 2021) as NCT02786316. The study was performed at the REVAL
Rehabilitation Research Center of Hasselt University (Diepenbeek, Belgium). In the larger
project, 147 persons with NSCLBP were screened for eligibility between October 2016 and
March 2019. Of these, 41 did not meet the inclusion criteria and six were not able to start
the therapy program due to conflicting job schedules or commuting problems and were
not further included. As such, 100 participants were included, of which 38 were randomly
assigned to one of the two intervention groups evaluated in this analysis. A comprehensive
research design flowchart is displayed in Figure 1. This project was approved by the
Ethical Committee of Hasselt University and Jessa Hospital Hasselt under protocol name
15.142/REVA15.14 and complies with the Declaration of Helsinki.

Appl. Sci. 2021, 11, x FOR PEER REVIEW 5 of 17 
 

 
Figure 1. CONSORT flowchart of the research design. MIT: moderate intensity training; HIT: high 
intensity training; ES: erector spinae; MF: multifidus 

Muscle fiber typing and morphometry 
Stained sections were photographed at 10× magnification using a fluorescent micro-

scope (EL6000; Leica). Muscle fiber size (µm2) and muscle fiber type (I, I/IIa, IIa IIa/x, IIx) 
of each muscle fiber were manually determined with AxioVision from Zeiss®. Based on 
these two measurements, the relative cross-sectional area (RCSA) was calculated. RCSA 
is an important structural characteristic that defines the functional capacity of a skeletal 
muscle [38]. For the analysis and to reach sufficient power, all type II fibers within each 
sample were pooled. Muscle fiber type I/IIa was not found in the samples. The graphs for 
all muscle fiber types are shown in Figure A1 (ES) and A2 (MF) and detailed values are 
shown in Tables A1–A3 (ES) and Tables A4–A6 (MF). To analyze a representative sample 
of the entire muscle, on average, 220 ± 75 muscle fibers were counted in the biopsy samples 
obtained from the ES and 228 ± 84.51 in the biopsy samples collected from the MF. 

Secondary outcomes: 
Demographic data 
The following demographic data were collected before the start of the intervention: 

age (years), gender, length (cm) and weight (kg). BMI was calculated. The following clin-
ical characteristics were collected before the start of the intervention with standardized 
questionnaires: physical activity (by the Physical Activity Scale for Individuals with Phys-
ical Disabilities (PASIPD)) and pain (by the Numeric Pain Rating Score (NPRS)). 

Blood collection, processing and hormone analysis 
Venous resting blood samples were obtained from the participants. Blood samples 

were allowed to clot at room temperature for at least 30 min and centrifuged at 400 g for 
10 min. After centrifugation, serum was aliquoted into microfuge tubes and stored at −80 
°C by the University Biobank Limburg (UBiLim) until further analysis. Serum samples 
were analyzed for human GH and IGF-1 by electrochemiluminescence (Roche Diagnostics 

Figure 1. CONSORT flowchart of the research design. MIT: moderate intensity training; HIT: high
intensity training; ES: erector spinae; MF: multifidus.

clinicaltrials.gov


Appl. Sci. 2021, 11, 3306 4 of 17

Randomization and blinding
Participants were randomized into an experimental group and a control group by

sealed, opaque, sequentially numbered envelopes containing the allocated group for the
participant. These envelopes were picked by an independent research assistant, not in-
volved in the study, to ensure concealment of allocation. The experimental group performed
a HIT program, while the control group performed a moderate intensity training (MIT)
program, comparable to usual care [23,35]. Blinding of the participants and caregivers was
not possible due to the nature of the exercise therapy. To limit the performance bias of
the participants, the study was explained as “a comparison between different modes of
exercise therapy in which equal progression could be expected in all groups.”

Interventions
Participants of both groups followed a 12-week training program (2/w, 1.5 h/session).

The 24 individual training sessions were organized at REVAL (Hasselt University, Diepen-
beek, Belgium) under supervision of a physiotherapist of the research team. A standardized
follow-up of all participants was assured by using a manual with protocols, explanation
of the exercises and definitions of progression. Both groups performed a protocol con-
sisting of cardiorespiratory training, general resistance training and core muscle training
according to a protocol of Verbrugghe et al., 2019 [24]. The experimental group (hereafter
referred to as HIT-group) performed all exercises at high intensity. The cardiorespiratory
training consisted of an interval training protocol on a cycle ergometer. The interval train-
ing consisted of five 1-min bouts (110 repetitions per minute at 100% VO2max workload),
with 1 min of active rest (75 repetitions per minute at 50% VO2max workload) in between.
The high intensity cycling bouts increased every two sessions by 10 s, up to 1 min 50 s
after 12 sessions. The active recovery time remained constant at 1 min. The protocol was
repeated from session 13 to 24 but with an updated workload. The general resistance
training consisted of three upper body and three lower body exercises executed on fitness
equipment. In the first sessions, the exercises were explained by the physiotherapist and a
one-repetition maximum (1RM) test was performed. In the following sessions, one set of a
maximum of 12 repetitions were performed at 80% of 1RM for each exercise. The workload
was progressively increased to ensure a HIT. Core muscle training consisted of six core
exercises. In the first sessions, the exercises were explained and participants were educated
to activate specific or isolated core muscles (m. multifidus, mm. glutei, m. transversus
abdominis). In the following sessions, participants performed one set of 10 repetitions
of a 10 s static hold. The participants were encouraged to hold the last repetition as long
as possible. Exercise difficulty was progressively increased. The control group (hereafter
referred to as MIT-group) performed all exercises at moderate intensity. The cardiorespira-
tory training consisted of a continuous training protocol on a cycle ergometer. The training
program started with 14 min of cycling at continuous workload (90 repetitions per minute
at 60% VO2max workload). Duration increased every two sessions with 1 min 50 s up to
22 min 40 s after 12 sessions. The protocol was repeated from session 13 to 24 but with an
updated workload. General resistance exercises and core muscle training were identical to
the experimental group, except for the intensity. For the general resistance training, one set
of 15 repetitions were executed at 60% of 1RM. For the core muscle training, one set of
10 repetitions of a 10 s static hold were done. Exercises remained the same; only the time of
a static hold was increased each six sessions.

Primary outcomes:
Biopsy sampling
Muscle samples were obtained from the right erector spinae (ES) and multifidus (MF)

muscle at the level of spinous process vertebra L4 according to the procedure of Agten
et al., 2018 [36] in the week before the start of the intervention and in the week after the
end of the intervention. These muscle samples were obtained while the participant was
in prone position with a small amount of lumbar flexion. First, the puncture site was
determined by ultrasound as the point of separation between ES and MF. This site was
locally anesthetized (Xylocaine 1% ®) before the skin was incised over a length of 2 mm.
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The thoracolumbar fascia was pierced with a coaxial needle, through which the biopsy
needles were inserted. Afterwards, a muscle sample of the ES was obtained by a biopsy
needle that was directed laterally. A muscle sample of the MF was obtained by a second
biopsy needle that was directed medially. Both muscle samples were removed from the
needle and placed on a piece of cork. Samples covered with optimum-cutting temperature
compound (Tissue-Tek®) were frozen in precooled isopentane and stored in −80 ◦C until
further analysis. All samples were given a unique identification code.

Immunohistochemistry
Serial transverse sections (10 µm) were cut with a microtome (CM1900 Cryostat; Leica

Microsystems, Machelen, Belgium). Myosin Heavy Chains (MHC) were identified by using
an immunofluorescence staining, based on the protocol of Bloemberg and Quadrilatero
2012 [37]. Sections were air dried at room temperature for 20 min and incubated with 10%
normal goat serum to block autofluorescence. Afterwards, the sections were incubated
with primary antibodies specific to MHC I (BA-F8; 1/50), MHC IIA (SC-71; 1/500) and
MHC IIX (6H1; 1/50) (Development Studies Hybridoma Bank, Iowa City, IA, USA) and
with a primary antibody specific to laminin (ab11575; 1/200) (Abcam, Cambridge, UK) for
two hours at room temperature. The incubation with the conjugated secondary antibodies
lasted 1 h at room temperature. Secondary antibodies (Alexa Fluor 350; 1/500, Alexa Fluor
488; 1/500, Alexa Fluor 555; 1/500 and Alexa Fluor 532, 1/500) were purchased from Life
Technologies Inc., Ulm, Germany. In the end, sections were covered with coverslips using
ProLong Gold antifade reagent (Life Technologies Inc., Ulm, Germany).

Muscle fiber typing and morphometry
Stained sections were photographed at 10× magnification using a fluorescent micro-

scope (EL6000; Leica). Muscle fiber size (µm2) and muscle fiber type (I, I/IIa, IIa IIa/x, IIx)
of each muscle fiber were manually determined with AxioVision from Zeiss®. Based on
these two measurements, the relative cross-sectional area (RCSA) was calculated. RCSA is
an important structural characteristic that defines the functional capacity of a skeletal
muscle [38]. For the analysis and to reach sufficient power, all type II fibers within each
sample were pooled. Muscle fiber type I/IIa was not found in the samples. The graphs
for all muscle fiber types are shown in Figure A1 (ES) and Figure A2 (MF) and detailed
values are shown in Tables A1–A3 (ES) and Tables A4–A6 (MF). To analyze a representative
sample of the entire muscle, on average, 220 ± 75 muscle fibers were counted in the biopsy
samples obtained from the ES and 228 ± 84.51 in the biopsy samples collected from the MF.

Secondary outcomes:
Demographic data
The following demographic data were collected before the start of the intervention:

age (years), gender, length (cm) and weight (kg). BMI was calculated. The following
clinical characteristics were collected before the start of the intervention with standard-
ized questionnaires: physical activity (by the Physical Activity Scale for Individuals with
Physical Disabilities (PASIPD)) and pain (by the Numeric Pain Rating Score (NPRS)).

Blood collection, processing and hormone analysis
Venous resting blood samples were obtained from the participants. Blood samples

were allowed to clot at room temperature for at least 30 min and centrifuged at 400 g
for 10 min. After centrifugation, serum was aliquoted into microfuge tubes and stored at
−80 ◦C by the University Biobank Limburg (UBiLim) until further analysis. Serum samples
were analyzed for human GH and IGF-1 by electrochemiluminescence (Roche Diagnostics
Cobas E801 Immunoassay analyser; Roche) in the clinical laboratory of the Jessa Hospital
(Hasselt, Belgium).

Data analysis
JMP® Pro 14.1.0 software (SAS Institute Inc., Cary, NC, USA, 1989–2007) was used

for data analysis. Data samples for age, length, weight, BMI, PASIPD and NPRS were
analyzed with the Wilcoxon rank sum test. Gender differences were analyzed using a
Chi-square test.
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Primary and secondary outcomes were analyzed using JMP® Pro 14.1.0 software (SAS
Institute Inc., Cary, NC, USA, 1989–2007). For the muscle fiber characteristics, a mixed
model analysis of variance (ANOVA) was performed with timepoint x intervention group
interaction. When the interaction effect was significant, a post-hoc student t-test was
performed to assess changes over time. By using this statistical model, missing data were
estimated. Normality of the data was checked using the normal quartile plots calculated
from the conditional residuals. For the hormone serum levels, a signed rank test was
performed. Significance was set at 5% point with a confidence interval of 95%.

3. Results
3.1. Participants

In total, 38 participants were included in the study (HIT: n = 19; MIT: n = 19). However,
biopsy samples were obtained in a subgroup. Technical issues during the muscle biopsy
procedure or during the analysis of the samples resulted in an inclusion of 33 participants
whose muscle samples of the ES were analyzed (16 in the MIT group, 17 in the HIT group),
and 28 participants whose muscle samples of the MF were analyzed (13 in the MIT group,
15 in the HIT group). The different intervention groups had similar anthropometric and
clinical characteristics at baseline (p > 0.05). An overview of patient characteristics is
displayed for the whole cohort. There was no significant difference between the subgroup
from whom muscle biopsy samples were obtained and the whole cohort from which they
were drawn for any of the parameters described in Table 1.

Table 1. Anthropometric data.

MIT (n = 19) HIT (n = 19) p-Value

Age (yr) * 43.56 ± 11.15 44.67 ± 8.76 0.9369
Gender (f:m) # 13:6 13:6 1.0000
Length (m) * 1.70 ± 0.10 1.72 ± 0.09 0.4197
Weight (kg) * 74.93 ± 13.46 75.49 ± 16.59 0.9369
BMI (kg/m2) * 25.90 ± 3.64 25.36 ± 0.98 0.4018
PASIPD * 15.25± 11.63 16.14 ± 10.85 0.7041
NPRS * 5.61 ± 1.75 5.64 ± 1.38 0.9361

MIT: moderate intensity training; HIT: high intensity training; PASIPD: physical activities scale for individuals
with physical disabilities, NPRS: numeric pain rating score. * Wilcoxon signed rank test. # Chi-square test.

3.2. Muscle Fiber Characteristics of the ES

There were no significant changes in muscle fiber CSA, percentage and RCSA of the
ES muscle after 12 weeks of exercise training in both intervention groups (Figure 2a–c).
Detailed values for the mixed model ANOVA are displayed in Appendix A Tables A1–A3.
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3.3. Muscle Fiber Characteristics of the MF
3.3.1. CSA

For the MF, there were no significant changes in muscle fiber size in both intervention
groups (Figure 3a).
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3.3.2. Muscle fiber type percentage

There were no significant changes in the muscle fiber type percentage in both inter-
vention groups (Figure 3b).

3.3.3. RCSA

After 12 weeks of training at high intensity (HIT group), there was a significant
decrease in RCSA of type I muscle fibers (p = 0.0252) and an increase in RCSA of type II
muscle fibers (p = 0.0269). These changes were not found in the MIT group (Figure 3c).

Detailed values for the mixed model ANOVA are displayed in Appendix A, Tables A4–A6.
Serum hormone levels
There were no significant changes in IGF-1 serum levels after 12 weeks of training in

both groups. In the HIT group, there was a significant decrease in GH serum levels after
the exercise training program, while no changes were found in the MIT group.

4. Discussion

This pilot study evaluated changes in paraspinal muscle fiber characteristics in response
to a combined training program consisting of a cardiorespiratory, general full body resistance
and core muscle training protocol at different intensities (high intensity vs. moderate intensity).
We hypothesized that there would be an increase in muscle fiber size combined with a shift
towards a more glycolytic muscle profile in the ES and MF after HIT. However, our data
demonstrate that biopsy samples of the MF of participants in the HIT group have a larger
muscle area occupied by type II fibers (higher RCSA) in response to the training program.
In contrast to our hypothesis, we found that on average, muscle biopsies of the ES and MF did
not demonstrate increased muscle fiber CSA in both intervention groups.

Muscle fiber characteristics
Participants in both intervention groups of this randomized controlled trial showed

improved back muscle strength, without differences between groups [24]. Despite this
increased back muscle strength, our data could not demonstrate significant changes in
muscle fiber CSA. According to our knowledge, there are only two studies that have investi-
gated the effect of exercise training on muscle fiber characteristics in patients with low back
pain: Käser et al. [39], who focused on the ES, and Rissanen et al. [40], who investigated
the MF. Our results are in line with the study of Käser et al., who also found no differences
in the muscle fiber size of the ES [39] in response to different low to moderate intense
exercise programs, although there was an increase in back muscle strength [41]. In contrast,
Rissanen et al. [40] found an increase in the size of type II muscle fibers of the MF after a
three-month high intensity training. A possible explanation for these differences is that the
type II muscle fibers were atrophic at baseline in the study of Rissanen et al. [40], while in
our study [14] and the study of Käser et al. [39], the muscle fiber CSA was comparable to
those of healthy controls. Since it is well known that atrophic muscle fibers are more prone
to muscle fiber hypertrophy induced by exercise training, this could explain the increase in
muscle fiber size of type II fibers in the study of Rissanen et al. [40]. The increase in muscle
strength could result from a higher proportional area occupied by type II muscle fibers,
since these fibers produce greater force [42,43]. Rissanen et al. [40] found no differences
in muscle fiber type distribution for the MF after a three-month training program at high
intensity and Käser et al. [39] found no differences in muscle fiber type distribution for the
ES after low to moderated exercise programs. These results are in line with our results,
since we could also not demonstrate significant changes in muscle fiber distribution. How-
ever, our results showed that a training program at high intensity resulted in an increase in
RCSA of type II muscle fibers, while these changes were not found after a training program
at moderate intensity. This increase in RCSA of type II fibers results in a shift towards a
more glycolytic profile. During resistance training, motor units, and hence muscle fibers,
are recruited according to the ‘size-principle.’ Smaller motor units are associated with
type I fibers, while larger motor units are associated with type II fibers. According to the
‘size-principle,’ type I muscle fibers are recruited at lower intensity exercises and type II
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muscle fibers at high intensity exercises [44]. Therefore, training at high intensity increases
the muscle area occupied by type II fibers. This might explain why we could only find an
increase in RCSA of type II after HIT.

There are two other mechanisms that could contribute to an increased muscle strength
while the muscle fiber size remains stable. First, there may be an increase in myofibrillar
density. As such, the number of cross-bridges, acting in parallel to generate a contraction,
increases independently of any increase in muscle fiber [45]. A second mechanism to
explain an improvement in muscle strength, without an increase in muscle fiber CSA,
suggests that the force generated by each cross-bridge would increase [45]. However,
these mechanisms are difficult to investigate on a microscopic level.

At baseline, we demonstrated that biopsy samples of the paraspinal muscles contain
less glycolytic muscle fibers compared to healthy controls [14]. This suggests that a 12-week
combined training program, consisting of a cardiorespiratory, general full body resistance
and core muscle training protocol at high intensity could counteract the muscle fiber shift
that was observed in NSCLBP, at least for the MF. Although Ekstrom et al. [46] stated that
the MF and ES were activated similarly during core muscle exercises, Arokoski et al. [47]
demonstrated higher activation of the MF compared to the ES during core muscle training.
In addition, in our core muscle training protocol, participants were educated in the first
sessions on isolated activation of the MF to minimize compensatory muscle work during
the exercises. This might have resulted in a higher activation of the MF compared to the
ES, which warrants the conclusion that muscle fiber adaptations in response to HIT would
probably be more apparent in the MF.

Interrelationships between muscle fiber alterations and clinical improvements
after training

Participants of this randomized controlled trial showed improvements in disability,
exercise capacity and pain in both intervention groups. The improvements in disability and
exercise capacity were greater in participants in the HIT group compared to the participants
in the MIT group [24]. This implies that rehabilitation of participants with NSCLBP would
reduce pain and disability, with a greater effect for rehabilitation at high intensity. Despite
these clinical improvements, we could only demonstrate a muscle fiber shift towards a
more glycolytic (type II) profile in the MF in response to HIT. As training at moderate
intensity provided lower effect sizes for clinical outcomes [24] and did not result in changes
in muscle fiber characteristics, the physiological effects of the increased intensity could
have caused the increased effectiveness. However, no other changes in muscle morphology,
such as muscle fiber hypertrophy, could be observed. A possible explanation for the
lack of changes in muscle fiber CSA could be the fact that participants in our study were
recruited by local advertisement. This type of advertisement may have attracted a group of
participants who are more than average physically active in daily life, which might correlate
with the fact that we could not observe a difference in muscle fiber CSA between healthy
controls and persons with NSCLBP [14]. However, this hypothesis cannot be substantiated,
because physical activity was not measured. The clinical improvements in the HIT group
of our previous study (within the same cohort) exceeded clinically relevant cutoff values,
which underlines the clinical importance of treatment effects [24]. It is unknown if these
positive effects of HIT remain after cessation of the training; therefore, it is important that
future studies address the long-term effects of HIT.

Hormone levels
Our study demonstrated no changes in IGF-1 serum levels after a 12-week train-

ing protocol, while there was a decrease in GH after a training period at high intensity.
Several studies have found that serum GH levels increase acutely after a single exercise
bout [48–50]. However, the effect of a longer training period on GH serum levels is not
very clear. Traditionally, no long-term changes in resting GH after a training period are
reported [51–55]. However, GH serum levels were significantly elevated immediately after
exercise, but returned to normal levels one to two hours after exercise [30]. The results
of the present study must be interpreted carefully, since we only measured resting GH
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serum levels. Most studies have measured at multiple timepoint and investigated the GH
response to training. The pulsatile and circadian pattern of GH secretion make it more
difficult to interpret one timepoint measures.

IGF-1 serum level is much more stable, and therefore, a better functional measurement
of the GH-IFG-1 axis. IGF-1 is regulated by GH and might enhance protein synthesis,
and hence, an increase in muscle CSA [31]. No change in resting IGF-1 serum levels have
been reported in short term training programs [54,55]. However, long-term studies have
shown elevations in resting IGF-1 levels [33,34]. Furthermore, the resting IGF-1 concentra-
tions were also higher in trained men compared to untrained men [56]. Our study protocol
consisted of a 12-week training program, which might be too short to find elevated IGF-1
serum levels, since the changes in serum IGF-1 are typically increased after 4–6 months of
training and not yet after 3 months [33,34]. These unchanged levels of IGF-1 warrant the
finding that we did not find an increase in muscle fiber CSA.

Limitations of the study
The results of this study must be interpreted carefully, since we only studied muscle

fiber characteristics on a microscopical level in muscle samples taken by a fine-needle biopsy
technique. Therefore, our results cannot directly affirm that there is no paraspinal muscle
hypertrophy in response to a combined training protocol at all, neither at moderate intensity
nor at high intensity. Since skeletal muscle hypertrophy can reside in the connective tissue
(connective tissue hypertrophy), the myofibril (myofibrillar hypertrophy) or the sarcoplasm
(sarcoplasmic hypertrophy), additional molecular analyses are needed to make a statement
about a possible muscle hypertrophy [57]. Additionally, by using biopsy samples, there will
always be some variation in the muscle fiber characteristics between different sampling
sites in a muscle. If only one biopsy samples was obtained from a single muscle, at least
100 muscle fibers should be analyzed to achieve a representative sample for the entire
muscle and to minimize sampling errors [58]. In our study, the mean number of fibers
analyzed was 220 ± 75 for the ES and 228 ± 84.51 for the MF, which should be adequate for
valid statistical conclusions. The intramuscular and interindividual variability of muscle
fiber composition is relatively high, which makes it difficult to make firm conclusions only
with result of muscle fiber characteristics. The heterogeneity of the persons with NSCLBP
in our study and the relatively small sample size make it difficult to generalize the present
findings to the average person with NSCLBP. Therefore, these results can be used as pilot
data to think about the effect of training on paraspinal muscle fiber characteristics and
optimize treatment strategy for NSCLBP.

5. Conclusions

This was the first study to investigate the differences between the effect of a combined
training program at moderate or at high intensity on paraspinal muscle fiber characteristics.
Under the conditions of the present study, a 12-week HIT program consisting of cardiorespira-
tory interval, general resistance and core muscle training could counteract the muscle fiber shift
in the MF that was observed in low back pain. Training at moderate intensity did not induce
a muscle fiber shift, which might suggest that the physiological effects of increased intensity
could have caused the increased effectiveness. Future studies should focus on the long-term
effects of HIT on both muscle fiber characteristics, as well as on clinical outcomes.
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Table A1. Results of the mixed model analysis of variances for the cross-sectional area of the
erector spinae.

MIT Group PRE ±SE POST ±SE p-Value

CSA type I 6621.86 566.86 5467.27 483.12 No interaction *
CSA type II 4273.85 684.00 4419.10 601.08 No interaction *

• CSA type IIa 4688.29 711.35 4477.11 634.93

• CSA type IIax 3749.95 857.83 4528.62 652.59

• CSA type IIx 3779.72 812.48 4811.41 812.48

HIT Group PRE ±SE POST ±SE p-Value

CSA type I 6146.60 411.63 6930.21 655.74 No interaction *
CSA type II 4198.96 527.33 4761.42 753.31 No interaction *

• CSA type IIa 4455.83 564.92 4834.64 767.25

• CSA type IIax 4540.34 618.62 3840.93 943.45

• CSA type IIx 4081.75 595.85 4596.70 1145.46

Values are displayed as mean (in µm2) and standard error (SE). PRE: before the start of the 12-week intervention;
POST: after the end of the 12-week intervention; CSA: cross-sectional area. * no significant interaction was found,
no post-hoc test.

Table A2. Results of the mixed model analysis of variances for the percentage of the erector spinae.

MIT Group PRE ±SE POST ±SE p-Value

% type I 69.05 3.29 69.05 2.89 No interaction *
% type II 30.95 3.29 30.95 2.89 No interaction *

• % type IIa 17.01 2.50 18.02 2.15

• % type IIax 8.89 1.75 6.56 1.38

• % type IIx 10.76 2.37 10.25 2.37

HIT Group PRE ±SE POST ±SE p-Value

% type I 68.04 2.53 71.80 3.63 No interaction *
% type II 31.96 2.53 28.20 3.63 No interaction *

• % type IIa 19.55 1.84 18.65 2.88

• % type IIax 6.27 1.26 7.99 1.92

• % type IIx 9.61 1.81 3.55 3.05

Values are displayed as mean (in %) and standard error (SE). PRE: before the start of the 12-week intervention;
POST: after the end of the 12-week intervention. * no significant interaction was found, no post-hoc test.
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Table A3. Results of the mixed model analysis of variances for the relative cross-sectional area of the
erector spinae.

MIT Group PRE ±SE POST ±SE p-Value

RCSA type I 78.68 3.05 73.50 2.85 No interaction *
RCSA type II 21.32 3.04 26.50 2.84 No interaction *

• RCSA type IIa 13.03 2.35 14.53 2.01

• RCSA type IIax 6.34 1.50 5.62 1.18

• RCSA type IIx 7.04 2.02 9.57 2.02

HIT Group PRE ±SE POST ±SE p-Value

RCSA type I 76.31 2.63 77.32 3.14 No interaction *
RCSA type II 23.59 2.63 22.59 3.13 No interaction *

• RCSA type IIa 14.60 1.72 14.16 2.72

• RCSA type IIax 4.30 1.80 5.54 1.65

• RCSA type IIx 7.03 1.57 3.14 2.56

Values are displayed as mean (in %) and standard error (SE). PRE: before the start of the 12-week intervention;
POST: after the end of the 12-week intervention; RCSA: relative cross-sectional area. * no significant interaction
was found, no post-hoc test.

Table A4. Results of the mixed model analysis of variances for the cross-sectional area of the multifidus.

MIT Group PRE ±SE POST ±SE p-Value

CSA type I 7158.88 686.07 5728.19 736.73 No interaction *
CSA type II 4935.29 563.18 2997.95 607.57 No interaction *

• CSA type IIa 5258.13 550.38 3346.37 582.53

• CSA type IIax 5021.66 751.79 2791.90 751.79

• CSA type IIx 4651.15 774.15 2594.31 718.46

HIT Group PRE ±SE POST ±SE p-Value

CSA type I 6342.86 556.08 7066.21 814.24 No interaction *
CSA type II 3984.34 451.67 4148.86 679.05 No interaction *

• CSA type IIa 4125.27 459.84 4097.39 618.50

• CSA type IIax 3808.58 642.59 4646.30 946.16

• CSA type IIx 3755.41 574.67 4289.79 845.52

Values are displayed as mean (in µm2) and standard error (SE). PRE: before the start of the 12-week intervention;
POST: after the end of the 12-week intervention; CSA: cross-sectional area. * no significant interaction was found,
no post-hoc test.
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Table A5. Results of the mixed model analysis of variances for the percentage of the multifidus.

MIT Group PRE ±SE POST ±SE p-Value

% type I 63.05 3.94 61.52 4.17 No interaction *
% type II 36.95 3.94 38.48 4.17 No interaction *

• % type IIa 24.14 3.37 21.42 3.60

• % type IIax 6.49 2.07 10.42 2.07

• % type IIx 9.65 2.66 8.68 2.42

HIT Group PRE ±SE POST ±SE p-Value

% type I 66.89 3.29 60.31 4.41 No interaction *
% type II 33.11 3.29 39.69 4.41 No interaction *

• % type IIa 21.81 2.76 25.22 3.91

• % type IIax 5.42 1.69 6.76 2.77

• % type IIx 7.28 1.87 10.60 3.03

Values are displayed as mean (in %) and standard error (SE). PRE: before the start of the 12-week intervention;
POST: after the end of the 12-week intervention. * no significant interaction was found, no post-hoc test.

Table A6. Results of the mixed model analysis of variances for the relative cross-sectional area of
the multifidus.

MIT Group PRE ±SE POST ±SE p-Value

RCSA type I 71.14 3.70 74.63 3.84 0.3832 #

RCSA type II 28.93 3.71 25.35 3.86 0.3757 #

• RCSA type IIa 20.55 3.28 14.57 3.48

• RCSA type IIax 6.08 1.19 8.63 1.19

• RCSA type IIx 6.20 1.99 5.31 1.82

HIT Group PRE ±SE POST ±SE p-Value

RCSA type I 77.34 3.20 68.00 3.88 0.0252 #

RCSA type II 22.69 3.21 31.99 3.90 0.0269 #

• RCSA type IIa 16.32 2.73 20.15 3.68

• RCSA type IIax 3.29 1.16 5.22 1.23

• RCSA type IIx 4.75 1.44 9.93 2.21

Values are displayed as mean (in %) and standard error (SE). PRE: before the start of the 12-week intervention;
POST: after the end of the 12-week intervention. # significant interaction, student t-test post hoc.
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