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Background: Evidence-based clinical guidelines consider physical exercise one of the best 
nonpharmacological interventions for low-back pain (LBP), but it is necessary to clarify the 
exercise-induced hypoalgesia effect of different modalities of exercise in chronic pain 
populations.
Purpose: This study focused on exploring acute changes in tactile and pressure-pain 
perception and lumbar strength and flexibility in patients with nonspecific chronic LBP 
(NSCLBP) after performing one of three 20-minute physical exercise modalities.
Methods: A total of 81 patients with NSCLBP were pseudorandomly distributed into three 
groups of 20-minute physical exercise — 1) aerobic (n=21, mean age 42±9.72 years, nine 
men), 2) stretching (n=21, mean age 40±11.37 years, ten men), and 3) strengthening (n=20, 
mean age 35.80±11.56 years, ten men) — and 4) a control group (n=19, mean age 38.64 
±10.24 years, eight men), and completed self-reported questionnaires during the same period. 
Tactile and pressure-pain thresholds and isometric lumbar muscle endurance and flexibility 
were assessed before and after this brief exercise-based intervention.
Results: All groups were comparable in terms of sociodemographic and clinical data, 
cardiovascular capacity, and self-reported data onphysical disability, mood, motivation, 
psychological response to stimulus properties of physical exercise, and physical activity 
enjoyment. Our analyses revealed higher tactile sensitivity (p<0.001) and pressure-pain 
thresholds (p<0.001) at the forefinger than other body locations. We also found lower pain 
sensitivity (p=0.010) and pressure pain–intensity ratings (p=0.001) and higher lumbar flex
ibility (p<0.001) after intervention. After calculation of absolute pre–post differences, higher 
tactile sensitivity was observed at the gluteus medius muscle than the erector spinal muscle 
only after aerobic intervention (p=0.046).
Conclusion: These results add some evidence about different modalities of exercise- 
induced hypoalgesia in NSCLBP. However, the fact that we also found improvements in 
the control group limits our conclusions.
Keywords: low-back pain, exercise therapy, aerobic exercise, flexibility

Introduction
With a vital prevalence of 70%–80%, low-back pain (LBP) is one of the ailments 
most experienced by the general population and the main cause of disability in 
industrialized countries, leading to significant public-health expenditure in terms of 
care and labor.1,2 About 90%–95% are of nonspecific origin3 and 90% acute (for 
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less than 6 weeks),1 while 24%–87% will be recurrent and 
50%–70% will become chronic (from 12 weeks).1,4

Evidence-based clinical guidelines consider physical 
exercise one of the best nonpharmacological interventions 
for LBP.5–7 However, is difficult to draw clear conclusions 
about efficiency, due to the heterogeneity of studies in 
terms of exercise modalities, intensity, duration, dose 
response, frequency, or supervision.7,8 Although several 
exercises, such as lumbar stabilization and core strength
ening, have been widely considered in clinical practice 
good interventions to manage chronic LBP (CLBP), recent 
systematic reviews have found strong evidence that they 
are not more effective than any other form of active 
exercise in the long term.9,10 It is widely accepted that 
aerobic exercise, such as walking, is a good choice for 
LBP, as it strengthens the back muscles and reduces joint 
stiffness. Specifically, walking quickly activates the lum
bar multifidus, and prolonged activation of paraspinal 
muscles is related to increases in muscle strength.9 

Likewise, strength training produces changes in both facil
itator and inhibitory stimuli, because activation of funda
mental muscles involved in movement is increased, 
coactivation of antagonist muscles reduced, and coactiva
tion of synergistic muscles improved.11 Furthermore, 
while stretching is the main intervention of physiothera
pists to treat and prevent contractures, there is strong 
scientific evidence that this exercise does not have short- 
term effects on pain and joint mobility, and moderate 
evidence that it does not improve quality of life.12 

Instead, other authors have suggested that flexibility exer
cises can improve postural stability and muscle balance, 
especially when combined with resistance exercises or 
muscle relaxation.13 As stated in a recent umbrella over
view, the most effective form of exercise as a method of 
rehabilitation for CLBP is still unknown.14

Additionally, clinically important pain reductions 
might be observed after a single session of exercise: exer
cise-induced hypoalgesia (EIH).8 Numerous studies have 
examined effects of acute exercise on responses to experi
mentally induced noxious stimulation in healthy and clin
ical populations.15 A meta-analytic review showed that 
perception of experimentally induced pain in healthy par
ticipants for aerobic exercise was moderate, and for iso
metric and dynamic resistance exercises it was large.15 

However, although EIH has been consistently demon
strated in pain-free participants, the acute effect of exercise 
on pain sensitivity is more variable in chronic pain popu
lations, where increased hypoalgesia, reduced hypoalgesia, 

or even hyperalgesia has been observed.8,16 Current 
research supports the view that EIH can be impaired in 
different musculoskeletal pain disorders, which can 
explain the varied response to exercise in this population 
and influence the results of exercise prescription.17 In fact, 
EIH may not even be observed in chronic widespread-pain 
patients when exercising at moderate–high intensity, with 
exercise often exacerbating experimental pain.15

Considering CLBP is a highly prevalent and costly 
condition for which exercise management is frequently 
recommended, it is important to highlight that the evi
dence on EIH in this population is scarce and incon
clusive. To the best of our knowledge, only two studies 
have examined EIH in a reduced sample of CLBP 
patients after submaximal aerobic exercise, showing 
a small effect on pressure-pain thresholds (PPTs)18 and 
a large effect on pressure pain–intensity ratings 
(PPIRs)19 after submaximal aerobic exercise. Another 
study examined EIH after a repeated lifting task, 
andno changes were detected over the lumbar erector 
spinae muscles in quantitative sensory tests, supporting 
impaired EIH in CLBP patients.17 However, effects on 
tactile and pain sensitivity of other exercise modalities 
in nonspecific CLBP (NSCLBP) have not been exam
ined yet, so further research is needed to unravel the 
immediate analgesic response to exercise and whether 
this is affected in NSCLBP patients. As such, the main 
objective of this study was exploring acute effects of 
20-minute exercise interventions (aerobic, strengthening, 
stretching) on tactile sensitivity, PPTs, and lumbar 
strength and flexibility in patients with NSCLBP. We 
hypothesized that exercise interventions would show 
higher tactile sensitivity and increased PPTs thanh a 
control group. Furthermore, we did not expect exercise 
modality–dependent effects on tactile sensitivity or 
PPTs.

Methods
Participants
The sample size was calculated using GRANMO (https://www. 
imim.cat/ofertadeserveis/software-public/granmo). Accepting 
an α risk of 0.05 and a β risk of 0.2 in a two-sided test, 25 
subjects were necessary in each group to recognize as statisti
cally significant a minimum difference of 1.5 units between any 
pair of groups, assuming that four groups existed and 
a common deviation of 1.5 and anticipating no dropouts. 
Inclusion criteria were subjects aged 18–59 years with 
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NSCLBP >6 weeks or with at least three episodes of LBP 
(lasting >1 week) during the year prior to the study. Exclusion 
criteria were high functional impairment compromising such 
activities as walking, sitting, or getting up from a chair at both 
evaluation and intervention, pain at time of evaluation and/or 
intervention >5 (out of 10) on a visual analogue scale (VAS), 
and history or presence of sciatic radiating pain, referred pain, 
or osteoarthritis to lower extremities, spine surgery, spinal or 
pelvic fracture, hospitalization for serious trauma, injuries, or 
traffic accidents, and systematic diseases affecting the locomo
tor system. Finally, 81 patients with NSCLBP were pseudor
andomly distributed using minimization (ie, stratifying patients 
according to age and sex) to ensure that treatment arms were 
balanced with respect to predefined factors into three groups of 
20-minute physical exercise — 1) aerobic (n=21, mean age 42 
±9.72 years, nine men), 2) stretching (n=21, mean age 40 
±11.37 years, ten men), and 3) strengthening (n=20, mean age 
35.80±11.56 years, ten men) — and 4) a control group (n=19, 
mean age 38.64±10.24 years, eight men), and questionnaires 
were completed during the same period (see Figure 1).

Both the protocol and information sheet were approved 
by the Research Ethics Committee of the Balearic Islands 
(IB 3186/16 PI), and the study complied with the 
Declaration of Helsinki and registered on the Australian 
New Zealand Clinical Trials Registry (ACTRN126 
18000997257).

Exercise Interventions
Aerobic intervention consisted of walking on a treadmill at 
low–moderate intensity (65.85%±7% of maximum heart 
rate and 3.02±1.04 using the Borg Scale of Perceived 
Exertion), measured as mean values collected 
every minute for 20 minutes. Stretching intervention con
sisted of stretching exercises of hip flexors, spinal exten
ders, quadratus lumborum, hamstrings, and external 
rotators in a supine position. Strengthening intervention 
consisted of preparatory exercises of pelvic tilt and 
abdominal drawing-in maneuver (bringing navel towards 
lumbar region), exercises of spinal extenders on a fitness 
ball, and other exercises to strengthen the gluteus, ham
strings, and abdominals in a supine position (for more 
details, see Supplementary material).

Sociodemographic, Clinical, and 
Self-Reported Data
Sociodemographic, substance-use, and medical and family- 
history data were collected using a semistructured interview. 
Participants rated their pain intensity marking a cross on 
a drawn line, and located their pain using a body map on 
paper. Then, assuming a very small redraw-error rate,20 we 
digitalized pain drawings (Navigate Pain, Aalborg University, 
Denmark), in order to build digital body maps of pain location 
(see Figure 2).

Figure 1 Flowchart of participants during the selection and analysis phases.
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Physical disability, mood, physical activity motivation, 
and psychological response to stimulus properties of physi
cal exercise were measured using the Spanish versions of 
the Oswestry Disability Index,21 Profile of Mood States,22 

Behavioural Regulation in Exercise Questionnaire,23 and 
Subjective Exercise Experience Scale,24 respectively. 
Cardiovascular capacity was measured using walking dis
tance (m) during the 6-minute walking test25 and percentage 
predicted value using Casanova et al’s equation.26 Finally, 
the Spanish version of the Physical Activity Enjoyment 
Scale27 was used to assess enjoyment after intervention.

Tactile and Pressure-Pain Thresholds
We used the method of limits to determine tactile thresh
olds using manual von Frey filaments at one unilateral 

LBP location (spinal erector muscle), two locations prox
imal to the low back (gluteus medius muscle and sacrum), 
and one distal from the low back (forefinger) three con
secutive times and in counterbalanced order to measure the 
presence of generalized pain. Individual PPTs (maximum 
pressure 5 kg/cm2) were also measured with a digital 
algometer (FPIX 50; Wagner Instruments, Greenwich, 
CT, USA) at the same body sites and in counterbalanced 
order. Subjective PPIRs were also measured using a VAS 
(0–10). Previously to PPTs, all participants received 
unpainful established pressure (2 kg/cm2) to the same 
body sites to evaluate the presence (or not) of hyperalge
sia, and PPIRs were also measured using the VAS. 
Algometry was always conducted by the same researcher 
and according to the method recommended by Fischer.28 

Figure 2 Digital pain chart of the body for aerobic (A), stretching (B), strengthening (C), and control (D) groups.
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The mean of three measurements of both measures was 
used for statistical analysis.

Isometric Lumbar Muscle Endurance and 
Flexibility
Isometric lumbar muscle endurance was evaluated using the 
Ito test.29 From a prone position, participants had to maintain 
their self-perceived maximum lumbar extension (maximum 5 
minutes). Time was used for statistical analysis. In order to 
ensure the maintenance of lumbar extension, we positioned 
a 9 cm object between the stretcher and the sternal manubrium 
during the evaluation. A small pillow was placed under the 
lower abdomen to decrease lumbar lordosis. We also con
trolled participant execution by active surveillance, detailed 
description of expected performance (extensor of lumbar 
spine, with feet off the stretcher, arms held parallel to the 
body, maximum neck flexion and gluteus contraction during 
the test), and forbidding them to use their arms or raise their 
legs during the evaluation. Back flexibility was also measured 
using the bilateral back-saver sit-andreach test,30,31 and the 
mean of two attempts for each leg was used for statistical 
analysis.

Procedure
First, participants were verbally informed about the aim of 
the study, asked to sign an informed-consent form, and 
pseudorandomly assigned to groups. Sociodemographic, 
self-reported, and clinical data were collected on paper or 
electronically (via LimeSurvey version 2.67.3+170,728) 
the same day or during the same week of the intervention. 
Tactile sensitivity and PPTs, isometric lumbar muscle 
endurance and flexibility, and cardiovascular capacity 
were measured before the intervention. Thereafter, partici
pants performed the intervention individually under super
vision (or if assigned to control group, completed 
questionnaires). Finally, tactile sensitivity and PPTs, iso
metric lumbar muscle endurance, and flexibility tests were 
repeated after the intervention.

Data Analyses
One-way analyses of variance (ANOVAs) with between- 
subject factors for group (aerobic, stretching, strengthen
ing, and control) were used to examine differences in age, 
clinical data, cardiovascular capacity, and self-reported 
data. The X2 test was used for testing sex distribution. 
Lumbar endurance was analyzed using a mixed-model 
ANOVA with group as the between-subject factor and 

time (before and after) as the within-subject factor. 
Tactile sensitivity and PPTs and lumbar flexibility were 
analyzed using the same factors plus body location (spinal 
erector muscle, gluteus medius muscle, sacrum, and fore
finger) and laterality (right and left).

Absolute pre–post differences (values before minus 
after intervention) for tactile sensitivity and PPTs were 
also calculated and tested using mixed-model ANOVAs 
with group as the between-subject factor and body location 
as the within-subject factor. These absolute differences 
in lumbar endurance and flexibility were also calculated 
and tested using one-way ANOVAs.

Finally, we computed the pressure pain–sensitivity 
index (ratio between subjective PPIRs and PPTs) and 
tested this using mixed-model ANOVAs with group as 
the between-subject factor and time and body location as 
within-subject factors. We also calculated absolute pre– 
post differences in pressure pain–sensitivity index values 
and tested these using mixed-model ANOVAs with group 
as the between-subject factor and body location as the 
within-subject factor.

For all ANOVAs, normal distribution and homoscedasti
city were tested using Kolmogorov–Smirnov and Levene 
tests, respectively, and Welch and Kruskal–Wallis tests 
were used in cases of violation of these assumptions, respec
tively. Greenhouse–Geisser corrections were also applied to 
control for violation of the sphericity assumption. 
Additionally, extreme-outlier values (more than three times 
interquartile range) were dropped. When significant effects 
were found (p<0.05), post hoc analyses were performed 
using Bonferroni correction for multiple comparisons. We 
also computed effect sizes for ANOVA (ηp

2, see Table 2) and 
independent t-test comparisons between all groups (Cohen’s 
d) of the absolute pre–post differences for each body location 
(ie, spinal erector muscle, gluteus medius muscle, sacrum, 
and forefinger) of tactile thresholds, pain-intensity ratings of 
unpainful pressure, PPTs, PPITs, pain-sensitivity index, and 
isometric lumbar muscle endurance and flexibility measures 
(see Supplementary Table 1). All statistical analyses were 
performed using SPSS version 25.0.

Results
Sociodemographic, Clinical, and 
Self-Reported Data
All groups were comparable in sociodemographic and 
clinical data, cardiovascular capacity and self-reported 
data (see Table 1). Furthermore, 23.33% of medication 
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consumed were analgesics, 27.78% nonsteroidal anti- 
inflammatory drugs, 11.11% anxiolytics, 6.67% antide
pressants, and 31.11% other medications or supplements 
(eg, antithyroid, β-blockers, bronchodilators, and 
antihistamines).

Tactile Thresholds
Mixed-model ANOVA revealed significant main effects of 
body location on tactile thresholds (F3, 231=13.768, p<0.001, 
Greenhouse-Geisser correction — ηp

2=0.152). Bonferroni 
post hoc analyses showed differences between the forefinger 

Table 1 Sociodemographic, clinical, cardiovascular capacity, and self-reported data

Aerobic 
(n=21), mean 
(SD)

Stretching 
(n=21), mean 
(SD)

Strengthening 
(n=20), mean  
(SD)

Control 
(n=19), mean 
(SD)

Lower 
95% CI

Upper 
95% CI

p

Sex, male 9 10 10 8 — — 0.951∫

Age, years 42.50 (9.72) 41.47 (10.95) 37.94 (12.88) 40.71 (9.95) 38.18 43.29 0.634

BMI 26.00 (5.37) 25.63 (4.01) 24.47 (3.42) 26.43 (6.49) 24.53 26.71 0.633
WHtR 0.54 (0.09) 0.53 (0.07) 0.51 (0.06) 0.56 (0.10) 0.52 0.55 0.204

WHR 0.87 (0.09) 0.85 (0.06) 0.84 (0.06) 0.90 (0.09) 0.85 0.88 0.150

Systolic BP 126.16 (16.60) 118.00 (9.00) 121.11 (14.97) 120.11 (15.74) 118.05 124.67 0.355
Diastolic BP 84.26 (11.22) 76.00 (10.54) 77.68 (10.01) 78.56 (11.94) 76.56 81.70 0.116

Maximum HR∫∫∫ 177. 50 (9.72) 179.53 (10.80) 182.06 (12.88) 179.29 (9.95) 176.96 182.05 0.655

Pain intensity (0–10)

At the present moment 1.99 (2.10) 2.21 (2.11) 1.86 (1.65) 1.93 (1.73) 1.57 2.43 0.946
Usually 3.44 (1.82) 3.25 (1.75) 3.01 (2.04) 2.95 (1.75) 2.75 3.58 0.841

At the worst moments 8.10 (1.97) 7.45 (1.98) 7.57 (2.22) 7.46 (1.81) 7.19 8.09 0.716
6MWT 545.16 (42.70) 529.48 (86.65) 560.87 (79.79) 549.92 (101.17) 528.51 563.58 0.455∫∫

%6MWT∫∫∫∫ 137.18 (17.21) 128.80 (27.70) 131.35 (25.22) 135.42 (22.99) 127.78 138.82 0.706

ODI 0.09 (0.05) 0.07 (0.05) 0.06 (0.05) 0.09 (0.04) 0.06 0.09 0.218

POMS

Tension or anxiety 9.78 (7.42) 15.00 (9.10) 12.96 (9.03) 11.21 (4.46) 10.23 14.19 0.242

Anger or hostility 10.33 (8.96) 13.76 (9.11) 13.57 (10.44) 7.82 (4.78) 9.21 13.63 0.196

Vigor or activity 14.44 (3.54) 12.04 (4.75) 14.63 (5.32) 16.14 (5.75) 12.97 15.46 0.132
Fatigue or inertia 7.50 (4.12) 9.53 (6.25) 10.36 (6.67) 7.57 (6.45) 3.85 11.30 0.443

Depression or dejection 7.23 (6.99) 11.59 (12.23) 11.95 (9.18) 5.33 (5.51) 6.73 11.34 0.245∫∫

Confusion or bewilderment 5.72 (3.85) 7.67 (6.14) 6.32 (4.93) 6.47 (4.77) 5.31 7.79 0.709

BREQ3

Amotivation 1.50 (2.67) 1.76 (2.37) 0.46 (1.13) 0.88 (2.24) 0.58 1.77 0.427

External regulation 0.18 (0.60) 0.46 (0.97) 0.31 (0.75) 0.50 (1.16) 0.12 0.62 0.815

Introjected regulation 3.85 (3.56) 4.26 (4.56) 3.23 (2.49) 4.10 (4.74) 2.86 4.89 0.912
Identified regulation 9.24 (3.33) 9.07 (3.73) 9.85 (2.27) 9.29 (2.81) 8.55 10.14 0.925

Integrated regulation 8.24 (5.23) 7.43 (5.96) 11.08 (3.75) 9.43 (5.67) 7.58 10.35 0.301

Intrinsic motivation 10.35 (4.14) 9.93 (4.36) 12.69 (2.84) 11.10 (4.92) 9.86 12.05 0.331

SEES

Well-being 18.10 (6.13) 16.74 (4.54) 16.90 (5.95) 16.96 (4.65) 16.01 18.36 0.841

Activation 4.57 (6.20) 4.29 (5.96) 5.35 (4.79) 3.11 (4.42) 3.16 5.54 0.635

Fatigue 8.94 (7.74) 8.28 (4.47) 10.99 (6.14) 7.86 (6.03) 7.65 10.39 0.401
PACES 63.93 (11.16) 62.48 (9.01) 63.95 (9.55) 59.82 (10.69) 60.36 64.82 0.544

Abbreviations: BMI, body-mass index; WHtR, waist:height ratio; WHR, waist:hip ratio; BP, blood pressure; 6MWT, 6-minute walking test; ODI, Oswestry Disability Index; POMS, 
Profile of Mood States; BREQ, Behavioural Regulation in Exercise Questionnaire; SEES, Subjective Exercise Experience Scale; PACES, Physical Activity Enjoyment Scale. 
Notes: ∫#2 test; ∫∫Kruskal–Wallis test; ∫∫∫maximum HR, heart rate, calculated by 220 minus age; ∫∫∫∫predicted value using Casanova et al’s equation.
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and spinal erector muscle (5.839±1.602 vs 6.707±1.710, 
p=0.008) and gluteus medius muscle (5.839±1.602 vs 7.154 
±1.620, p<0.001), and between the gluteus medius muscle and 
sacrum (7.154±1.620 vs 6.115±1.647, p<0.001; see Figure 3). 
Regarding absolute pre–post differences, mixed-model 
ANOVA revealed a trend only for a body location × group 
interaction effect, but with a medium effect size (F9, 

231=1.808, p=0.068, ηp
2=0.066). Bonferroni post hoc analyses 

showed higher tactile sensitivity at the gluteus medius muscle 
than the erector spinal muscle only after aerobic intervention 
(−0.429±3.924 vs 0.810±9.347, p=0.046, see Table 2).

Pain-Intensity Ratings for Unpainful 
Pressure
Mixed-model ANOVA revealed significant main effects of 
body location on PPIRs for unpainful established pressure 
(2 kg/cm2 — F3, 231=26.293, p<0.001, Greenhouse– 
Geisser correction — ηp

2=0.255). Bonferroni post hoc 
analyses showed differences between the forefinger and 
spinal erector muscle (0.981±1.314 vs 1.663±1.782, 
p<0.001), sacrum (0.981±1.314 vs 1.924±2.043, 
p<0.001), and gluteus medius muscle (0.981±1.314 vs 
2.430±2.034, p<0.001), between the spinal erector muscle 
and gluteus medius muscle (1.663±1.782 vs 2.430±2.034, 
p<0.001), and between the sacrum and gluteus medius 
muscle (1.924±2.043 vs 2.430±2.034, p=0.007). This ana
lysis also showed a significant time × body location- 
interaction effect  
(F3, 231=3.608, p=0.017, Greenhouse–Geisser correction — 
ηp

2=0.045). Bonferroni post hoc analyses showed a pre– 
post trend for thespinal erector muscle (1.471±1.782 vs 
1.854±2.187, p=0.060; see Figure 4). Regarding absolute 
pre–post differences, mixed-model ANOVA also revealed 

significant main effects of body location 
(F3, 231=3.608, p=0.014, ηp

2=0.045). Bonferroni post hoc 
analyses showed differences between the spinal erector 
muscle and gluteus medius muscle (−0.383±1.800 vs 
0.218±1.764, p=0.042; see Table 2).

Pressure-Pain Thresholds, Pressure Pain– 
Intensity Ratings, and Pain Sensitivity 
Index
Mixed-model ANOVA revealed significant main effects of 
body location on PPTs  
(F3, 231=11.519, p<0.001, Greenhouse–Geisser correc
tion — ηp

2=0.130). Bonferroni post hoc analyses showed 
differences in PPTs between the forefinger and gluteus 
medius muscle (3.2401±1.053 vs 2.821±1.107, p<0.001), 
between the spinal erector muscle and sacrum (3.017 
±1.098 vs 3.220±1.089, p=0.039), the gluteus medius mus
cle (3.017±1.098 vs 2.821±1.107, p=0.002), and between 
the sacrum and gluteus medius muscle (3.220±1.089 vs 
2.821±1.107, p<0.001; see Figure 5A). Regarding absolute 
pre–post differences, no statistically significant differences 
were observed (see Table 2).

Mixed-model ANOVA also revealed significant main 
effects of time on subjective PPIRs 
(F1, 77=13.142, p=0.001, ηp

2=0.146). Bonferroni post 
hoc analyses showed lower PPIRs after intervention 
than before (2.581±1.584 vs 2.865±1.629, p=0.001; see 
Figure 5B). This analysis also showed significant main 
effects for body location  
(F3, 231=28.285, p<0.001, Greenhouse–Geisser correc
tion — ηp

2=0.269). Bonferroni post hoc analyses also 
showed lower PPITs after intervention than before (2.581 
±1.584 vs 2.0.865±1.629, p=0.001), and differences 

Figure 3 Tactile thresholds (means and SE) before and after the 20-minute physical exercise, using manual von Frey filaments at one unilateral LBP location (spinal erector 
muscle), two locations proximal to the low back (gluteus medius muscle and sacrum), and one distal from the low back (forefinger). *p<0.01; **p<0.001).
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between the forefinger and spinal erector muscle (2.030 
±1.557 vs 2.757±1.728, p<0.001), sacrum (2.030±1.557 
vs 3.043±1.818, p<0.001), and gluteus medius muscle 
(2.030±1.557 vs 3.064±1.764, p<0.001) and between 
the spinal erector muscle and gluteus medius muscle 
(2.757±1.728 vs 3.064±1.764, p=0.003). Regarding 
absolute pre–post differences, no statistically significant 
differences were observed (see Table 2).

Mixed-model ANOVA revealed significant main effects of 
time on the pressure pain–sensitivity index (F 1, 77=7.074, 
p<0.001, Greenhouse–Geisser correct — ηp

2=0.084). 
Bonferroni post hoc analyses showed a reduction in pain 

sensitivity after intervention (1.217±0.945 vs 1.082±0.918, 
p=0.010). This analysis also showed significant main effects 
of body location (F3, 231=24.086, p<0.001, Greenhouse– 
Geisser correction — ηp

2=0.238). Bonferroni post hoc ana
lyses showed differences between the forefinger and spinal 
erector muscle (0.777±0.720 vs 1.171±0.954, p<0.001), 
sacrum (0.777±0.720 vs 1.250±1.170, p<0.001), and gluteus 
medius muscle (0.777±0.720 vs 1.401±1.098, p<0.001) and 
between the spinal erector muscle and gluteus medius muscle 
(1.171±0.954 vs 1.401±1.098, p<0.001; see Figure 6). 
Regarding absolute pre–post differences, no statistically sig
nificant differences were observed.

Figure 4 Pressure pain–intensity ratings (means and SE) before and after the 20-minute physical exercise for unpainful established pressure (2 kg/cm2) using a VAS (0–10) at 
one unilateral LBP location (spinal erector muscle), two locations proximal to the low back (gluteus medius muscle and sacrum), and one distal the low back (forefinger). 
*p<0.01; **p<0.001.

Figure 5 (A) Pressure-pain thresholds (means and SE) and (B) pressure pain–intensity ratings (means and SE) before and after the 20-minute physical exercise at one 
unilateral LBP location (spinal erector muscle), two locations proximal to the low back (gluteus medius muscle and sacrum), and one distal from the low back (forefinger). 
*p<0.05; **p<0.005).
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Isometric Lumbar Muscle Endurance and 
Flexibility
No statistically significant differences were observed forlum
bar endurance (see Figure 7). Mixed-model ANOVA 
revealed significant main effects of time on lumbar flexibility 
(F1, 75=16.217, p<0.001, ηp

2=0.178). Bonferroni post hoc 
analyses showed higher lumbar flexibility after intervention 
than before (20.294±8.018 vs 19.158±7.743, p<0.001). This 
analysis also revealed a significant laterality × time interac
tion effect  
(F1, 75=5.952, p=0.017, ηp

2=0.074). Bonferroni post hoc 
analyses also showed that pre–post differences were main
tained in both the right (19.014±7.672 vs 20.443±8.081, 
p<0.001) and left leg (19.301±8.072 vs 20.144±8.169, 
p=0.007; see Figure 8). Regarding absolute pre–post differ
ences, no statistically significant differences were observed 
forlumbar endurance or lumbar flexibility (see Table 2).

Discussion
Previous research about EIH in CLBP patients islimited to 
three studies focused on aerobic exercise. We consider that 
the results of our study could have clinical relevance, 
because all modalities of our exercise-based intervention 
(ie, aerobic, strengthening, and flexibility) caused 
improvements (ie, lower pain sensitivity and PPITs and 
higher lumbar flexibility) among NSCLBP patients. 
Partially agreeing with our hypothesis and previous 
research, our analyses revealed lower pain sensitivity and 
PPIRs and higher lumbar flexibility after intervention on 
any exercise modality. Meeus et al18 showed statistically 
significant differences in PPTs for the back (L3) and non
specific locations for extremities after a submaximal cycle 
ergometer aerobic exercise protocol in CLBP patients. 
Hoffman et al19 also reported reduced PPIRs on a VAS 
at 10-second intervals during pressure-pain stimulus to the 

Figure 6 Pressure pain sensitivity (means and SE), defined as the ratio between subjective pressure pain–intensity ratings (PPIRs; VAS, 0–10) and pressure-pain thresholds 
(PPTs; kg/cm2), before and after the 20-minute physical exercise, at one unilateral LBP location (spinal erector muscle), two proximal locations proximal to the low back 
(gluteus medius muscle and sacrum), and one distal from the low back (forefinger). *p<0.001).

Figure 7 Isometric lumbar muscle endurance (means and SE), using the Ito test (seconds), before and after the 20-minute physical exercise.
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nondominant index finger following aerobic exercise 
(cycling) in this population. On the contrary, Kuithan et 
al17 found no changes forthe lumbar erector spinae mus
cles in quantitative sensory tests (including PPTs, thermal 
detection, pain thresholds, and temporal summation) after 
a repeated-lifting task, supporting impaired EIH in CLBP 
patients. However, obtaining improvements (ie, lower pain 
sensitivity and PPITs and higher lumbar flexibility) in both 
intervention and control groups suggests that some con
founding variables could have been involved. A recent 
systematic review with meta-analysis32 showed that the 
mere presence of a stranger did not influence pain percep
tion or expression, but decreased pain-related arousal. 
However, other research has shown that the presence of 
a stranger is associated with decreased pain.32 There is 
also evidence that in a threatening pain context, social 
presence appears to inhibit pain expression, supporting 
the idea that the observer acts as a safety cue.32 

Moreover, individuals with high attachment avoidance or 
catastrophizing report more pain in the presence of a 
stranger.32 Despite being seemly contradictory, these find
ings are not mutually exclusive, and they suggest that 
social and temperamental factors should be controlled for 
in future studies.

After calculation of absolute pre–post differences, 
higher tactile sensitivity was observed at the gluteus med
ius muscle than theo erector spinal muscle only after 

aerobic intervention. Sensory sensitivity after exercise 
has been studied in animal models33–35 and humans.36 

Treadmill training can improve sensory function, produ
cing neurotrophins (ie, BDNF and NT3) in spinal cord and 
skeletal muscle33,35 and increasing endogenous opioid 
content (ie, β-endorphin and met-enkephalin) in brain- 
stem regions (ie, rostral ventromedial medulla and peria
queductal gray area).34 Nagi and Mahns36 showed that 
C-tactile fibers mediate allodynia, experimentally induced 
using high-frequency cutaneous vibration after eccentric 
exercise. Some studies have reported that aerobic exercise 
protocols (eg, 15-minute incremental bicycling) 
produces EIH in exercising and nonexercising muscles of 
healthy subjects, but only when performed at moderate– 
high intensity.37–39 Maybe our differences in tactile sensi
tivity did not reach statistical significance because of the 
intensity (low–moderate) of aerobic exercise. Moreover, 
a lack of immediate effects (or even increases in pain) 
after acute exercise could be explained by a loss of con
ditioned pain modulation present among several chronic 
pain conditions, which regular exercise could restore.40

We also found higher tactile sensitivity and PPTs at the 
forefinger than other body locations, consistent with 
a higher density of receptors and larger cortical represen
tation. We consider that inclusion of a pain-related and 
pain-nonrelated body location in assessment could add 
some evidence about central mechanisms involved in 

Figure 8 Lumbar flexibility (means and SE), using the bilateral back-saver sit-and-reach test (cm), before and after the 20-minute physical exercise. *p<0.001.
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chronic pain conditions. The observation of hypoalgesia 
after exercise in some groups with chronic pain conditions 
and the observation of hyperalgesia after exercise in other 
groups with chronic pain may be influenced by whether 
the exercise is performed using a painful or nonpainful 
body area.8 Nijs, Kosek, Van Oosterwijck, and Meeus41 

concluded that exercising painful muscles does not change 
pain sensitivity neither in exercising muscle or at distant 
locations in patients with local muscular pain. Vaegter, 
Handberg, and Graven-Nielsen42 also showed that EIH is 
reduced in chronic musculoskeletal pain patients with high 
pain sensitivity. Thus, future research should consider 
these variables to unravel this heterogeneity of results 
among CLBP patients.

Limitations
Both intervention and control groups showed improvements 
(ie, lower pain sensitivity and PPITs and higher lumbar 
flexibility) that could not be solely due to physical exercise 
interventions. Other factors, such as beliefs or fear about 
exercise and pain, and social and temperamental factors 
could be involved and should be considered in pain research. 
Moreover, a high risk of performance and detection bias (due 
to lack of blinding of participants and researchers and self- 
assessment outcomes) are present, and were unavoidable due 
to the nature of interventions.43,44 Additionally, some studies 
have suggested that low–moderate intensity exercise (50%– 
60% of maximum heart rate) tends to improve chronic pain 
symptoms,45 but acute effects perhaps are present only when 
performed at moderate–high intensities. Therefore, the inten
sity of exercises should also be explored in further research.

Conclusion
To the best of our knowledge, this is the first study to show 
changes in tactile and pain sensitivity and lumbar flexibility 
after a brief intervention based on different modalities of 
exercise (ie, aerobic, strengthening, and flexibility) in patients 
with NSCLBP. However, the fact that we also found 
improvements in the control group limits our conclusions.
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