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Abstract 

Objective To compare clinical pain intensity, exercise performance, pain sensitivity and the 

effect of aerobic and isometric exercise on local and remote pressure pain thresholds (PPTs) 

in patients with chronic musculoskeletal pain with high and low levels of kinesiophobia. 

Design An experimental pre–post within-subject study. 

Setting An exercise laboratory in a multidisciplinary pain clinic. 

Participants Fifty-four patients with chronic musculoskeletal pain. 

Interventions Acute aerobic and isometric leg exercises. 
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Main outcome measures Clinical pain intensity (numerical rating scale, range 0 to 10), 

Tampa Scale of Kinesiophobia, aerobic and isometric exercise performances (intensity and 

maximal voluntary contraction), and PPTs at local and remote body areas before and after 

exercise conditions. 

Results Patients with a high degree of kinesiophobia demonstrated increased pain intensity 

compared with patients with a low degree of kinesiophobia [high degree of kinesiophobia: 

7.3 (1.6) on NRS; low degree of kinesiophobia: 6.3 (1.6) on NRS; mean difference 1.0 (95% 

confidence interval 0.08 to 1.9) on NRS]. Aerobic and isometric exercises increased PPTs, 

but no significant group differences were found in PPTs before and after exercise.  

Conclusions Clinical pain intensity was significantly higher in patients with a high degree of 

kinesiophobia compared with patients with a low degree of kinesiophobia. Despite a 

difference in isometric exercise performance, the hypoalgesic responses after cycling and 

isometric knee exercise were comparable between patients with high and low degrees of 

kinesiophobia. If replicated in larger studies, these findings indicate that although 

kinesiophobic beliefs influence pain intensity, they do not significantly influence PPTs and 

exercise-induced hypoalgesia in patients with chronic musculoskeletal pain. 

 

Keywords: Kinesiophobia; Fear of movement; Pain; Exercise; Physical activity 

 

<A>Introduction 

Chronic pain is one of the most disabling conditions [1]. Several mechanisms may be 

involved, including facilitation of central pain mechanisms and reduced efficiency of pain 

descending pain inhibitory pathways [2,3], as well as psychological factors. Among people 

with chronic musculoskeletal pain, fear of performing physical exercise or body movements 

due to the assumption of increased pain or further injury (e.g. fear avoidance or 
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kinesiophobia) [4,5] is common [6], and has been associated with increased pain intensity [7] 

and disability [8,9]. 

Despite these beliefs, physical exercise is an important component in the 

treatment of chronic musculoskeletal pain [10]. Physical exercise decreases pain sensitivity 

[exercise-induced hypoalgesia (EIH)] in healthy subjects [11] and in patients with chronic 

musculoskeletal pain, although less efficiently [12]. In healthy subjects, modulation of pain 

sensitivity has often been characterised by elevations in pain thresholds in exercising limbs 

(i.e. local EIH) and non-exercising limbs (i.e. remote EIH) following both high-intensity 

aerobic exercise (e.g. cycling or running) [13,14] and low- and high-intensity isometric 

exercise (i.e. muscle contraction without joint movement) [13,15,16]. In subjects with 

different musculoskeletal pain conditions, the effect of exercise on pain sensitivity is still 

controversial as both hypoalgesia [17,18] and hyperalgesia [19,20] have been reported. 

Reduced EIH has been related to older age and increased pain sensitivity [21], as well as 

reduced efficiency of pain modulatory pathways [22]. However, no studies have investigated 

the influence of fear of movement beliefs on EIH, which represents a major knowledge gap. 

Such knowledge may have clinical implications, as management of fear of movement beliefs 

could improve the effects of exercise. Previous studies have demonstrated that the presence 

of fear of movement may influence treatment outcome [23,24].  

A previous experimental crossover study investigated the effect of different 

types of exercise on pain sensitivity in patients with chronic musculoskeletal pain, and found 

reduced EIH in patients with chronic pain with high vs low pain sensitivity [25]. Information 

was also collected on fear of movement, and these data now provide a unique opportunity to 

investigate the influence of fear of movement on EIH. Thus, the primary aim of this 

explorative analysis was to compare the effects of aerobic and isometric exercise on local and 

remote pressure pain thresholds (PPTs) between patients with chronic musculoskeletal pain 



4 
 

with high and low fear of movement. A secondary aim was to compare the clinical pain 

intensity and exercise performance between groups. It was hypothesised that patients with 

high fear of movement would demonstrate: (1) reduced EIH and less intense exercise 

performance; and (2) increased clinical pain intensity. 

 

<A>Materials and methods 

<B>Subjects 

This explorative analysis was performed using data on fear of movement and EIH at local 

and remote assessment sites in 54 out of 61 patients with chronic musculoskeletal pain {mean 

age 45.7 [standard deviation (SD) 11.2] years; 39 females} included in a previous 

experimental crossover study that investigated the effect of cold pressor test, aerobic exercise, 

isometric exercise and quiet resting on pressure pain sensitivity in patients with chronic 

musculoskeletal pain [25]. The remaining seven patients did not complete the relevant 

questionnaire. All patients were recruited by letter after referral to a multidisciplinary pain 

clinic from January to December 2013. Patients were asked to refrain from physical exercise, 

coffee and nicotine on the days of participation. All patients provided written informed 

consent, and the experimental study was conducted in accordance with the Declaration of 

Helsinki and approved by the local ethical committee (S-20110070). 

 

<B>Procedure 

At inclusion, patients completed the 17-item Tampa Scale of Kinesiophobia (TSK) 

questionnaire [4] prior to participating in the experimental crossover study. Data on clinical 

peak pain intensity on a numerical rating scale (NRS) (range 0 to 10; 0=no pain, 10=worst 

pain imaginable) during the previous 24 hours was also collected. The NRS has shown good 

test–retest reliability in patients with chronic pain (r=0.96, P<0.05) [26]. On two different days, all 
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patients performed two exercise conditions (cycling and isometric contraction) in randomised 

and counterbalanced order, and PPTs were recorded at the legs, arm and shoulder before and 

immediately after both exercise conditions.  

 

<B>Pressure pain thresholds 

PPTs at four different sites were assessed with a handheld pressure algometer (Somedic, 

Hörby, Sweden) with a stimulation area of 1 cm2 and an increment rate at 30 kPa/second. The 

patient was instructed to press a button the first time the pressure was perceived as slightly 

painful. Two assessments were completed for each site, and the average was used for further 

analysis. Site 1 was located in the middle of the dominant quadriceps femoris muscle, 20 cm 

proximal to the base of the patella. Site 2 was located in the middle of the non-dominant 

quadriceps femoris muscle, 20 cm proximal to the base of the patella. Site 3 was located in 

the middle of the dominant biceps brachii muscle, 10 cm proximal to the cubital fossa. Site 4 

was located in the non-dominant upper trapezius muscle, 10 cm from the acromion in direct 

line with the neck. Within- and between–session test–retest reliability of handheld pressure 

algometry for assessment of pain sensitivity has been demonstrated previously in patients 

with chronic pain [25]. 

 

<B>Aerobic exercise 

As described previously [25], the aerobic exercise condition consisted of a 15-minute cycling 

exercise (Ergomedic 928E, Monark Exercise AB, Vansbro, Sweden) at age-related target 

heart rates corresponding to 75% of patients’ maximum oxygen consumption (VO2max). 

Patients were instructed to maintain a pedal rate as close to 70 revolutions per min as possible 

throughout the 15-minute cycling exercise, and a heart rate monitor (Monark Exercise AB) 

was strapped around the patient’s chest. Exercise resistance was manipulated, if necessary, to 
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keep the heart rate at the desired level. The first 2 minutes were used as warm-up, and the 

intensity was kept below a heart rate corresponding to 50% of the patient’s VO2max. Pedal 

resistance was increased over the next 3 minutes until a target heart rate corresponding to 

75% VO2max was achieved by the beginning of the fifth minute; after this, the patient 

continued cycling for 10 minutes. Rating of Perceived Exertion (scale 6 to 20), exercise 

intensity (Watts) and heart rate (beats/minute) were obtained just before ending the 15 

minutes of cycling. 

  

<B>Isometric exercise 

The isometric exercise condition consisted of a 90-second isometric knee extension with the 

dominant leg at submaximal intensity corresponding to 30% of the patient’s maximal 

voluntary contraction, which was determined in a previous session. During the sustained 

submaximal isometric contraction, patients were required to match the target force as 

displayed on a monitor. All patients were verbally encouraged to sustain the force throughout 

the 90 seconds. 

 

<B>Statistics 

Based on the recommended threshold for a high degree of kinesiophobia (total TSK score 

≥38) [5], participants were subgrouped into two groups: high and low kinesiophobia. The 

effect of aerobic and isometric exercise on PPTs at local and remote sites was initially 

analysed with two-way repeated measures analysis of variance (RM-ANOVAs), with the 

factors ‘time’ (before and after) and ‘assessment site’ (legs, arm, and shoulder) used as 

repeated measures and ‘kinesiophobia group’ (low, high) as the group factor. Furthermore, 

due to different sex ratios between the groups and previously demonstrated sex differences in 

PPTs [27] and EIH [28–30], all pain-related parameters were adjusted for sex by z-
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transformation: a parameter was subtracted by the mean value for women and men, 

respectively, and divided by the SD for women and men, respectively. After z-

transformation, the majority of variables did not deviate significantly from normality 

(Shapiro-Wilks test: P>0.05). Potential differences in demographics, clinical pain intensity 

and exercise performance parameters at baseline between groups of participants with low and 

high degrees of kinesiophobia were analysed with unpaired t-tests. Potential differences in 

baseline PPTs and average percentage change in PPTs between the test stimuli before and 

after exercise (last divided by first ‘test stimuli’ * 100%) were analysed with mixed-model 

ANOVAs. P-values<0.05 were considered significant for RM-ANOVAs and t-tests. In case 

of significant factors or interactions in the RM-ANOVAs, Bonferroni-corrected post-hoc 

comparisons incorporating correction for the multiple comparisons were made. Effect sizes of 

the group differences were calculated based on Hedges’ g, due to dissimilar group sizes. 

Effect sizes were evaluated as follows: for a small effect, g=0.20; for a medium effect, 

g=0.50; and for a large effect, g=0.80. Finally, Spearman’s correlations were used to 

investigate the relationship between the kinesiophobia score and clinical pain intensity, PPTs 

and the percentage change in PPT after each of the exercise conditions. Due to multiple 

correlational analyses, the P-value was divided by the number of correlational analyses, and 

P-values≤0.01 were considered significant for the correlations. 

 

<A>Results 

<B>Participant characteristics  

Based on the TSK score, two groups of patients were established with 23 and 31 participants 

in each group (Table 1). The high kinesiophobia group (TSK ≥38) had a significantly higher 

proportion of men (42%) compared with the low kinesiophobia group (9%). No significant 

differences in age or body mass index were found between the groups. 
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<insert Table 1 near here> 

 

<B>Clinical pain and pain sensitivity 

Clinical pain intensity was increased significantly in the high kinesiophobia group compared 

with the low kinesiophobia group [Table 1; high degree of kinesiophobia: 7.3 (SD 1.6) on 0 

to 10 NRS; low degree of kinesiophobia: 6.3 (SD 1.6) on 0 to 10 NRS; mean difference 1.0 

(95% confidence interval 0.08 to 1.9) on 0 to 10 NRS], but the pain duration was not 

different. The low kinesiophobia group had higher PPTs, although no significant differences 

were found between groups. 

 

<B>Exercise performance and exercise-induced hypoalgesia after cycling 

Intensity (Watts) during cycling had a tendency to be decreased in the high kinesiophobia 

group compared with the low kinesiophobia group. No significant differences between 

groups were found in heart rate or rating of perceived exertion reported during cycling. The 

RM-ANOVAs demonstrated a significant main effect for time (Fig. A, see online 

supplementary material), with the post-hoc test showing an increase in PPTs immediately 

after cycling compared with before cycling. The effect of cycling on PPTs was not 

significantly different between groups. Moreover, no significant differences were found in 

percentage increase in PPTs between high and low kinesiophobia groups. 

 

<B>Exercise performance and exercise-induced hypoalgesia after isometric exercise 

Isometric muscle strength was significantly lower in the high kinesiophobia group compared 

with the low kinesiophobia group. The RM-ANOVAs demonstrated a significant main effect 

for time (Fig. B, see online supplementary material), with the post-hoc test showing an 
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increase in PPTs immediately after isometric exercise compared with before exercise. The 

effect of isometric exercise on PPTs was not significantly different between groups. 

Moreover, no significant differences were found in percentage increase in PPTs after 

isometric exercise between groups. 

 

<B>Correlations between kinesiophobia, pain intensity, pain thresholds and EIH 

Kinesiophobia scores were significantly correlated with pain intensity (Table B, see online 

supplementary material) and isometric muscle strength. No significant correlations were 

found between kinesiophobia scores and PPTs, or between kinesiophobia scores and change 

in PPTs after exercise. 

 

<A>Discussion 

This explorative analysis is the first to investigate the association between kinesiophobia, 

clinical pain intensity, PPTs and EIH after aerobic and isometric exercise in patients with 

chronic musculoskeletal pain. Clinical pain intensity was significantly higher in patients with 

a high degree of kinesiophobia compared with patients with a low degree of kinesiophobia. 

Despite the difference in exercise performance, the hypoalgesic responses after cycling and 

isometric knee exercise were comparable between patients with high and low degrees of 

kinesiophobia. If replicated in larger studies, these findings indicate that although 

kinesiophobic beliefs influence pain intensity, they do not significantly influence PPTs and 

EIH in patients with chronic musculoskeletal pain.  

 

<B>Clinical pain intensity and exercise performance 

Fifty-seven percent of the present study population was classified with a high degree of 

kinesiophobia. This finding is in agreement with previous studies [6,7,31–33] on different 
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chronic pain populations, indicating that kinesiophobia is prevalent across diverse chronic 

pain conditions. Clinical pain intensity was higher and isometric muscle strength was reduced 

in patients with a high degree of kinesiophobia compared with patients with a low degree of 

kinesiophobia. These findings are in agreement with a previous study demonstrating a 

significant negative association between kinesiophobia and muscle strength in a static 

shoulder elevation test in workers with neck/shoulder pain [8]. Unexpectedly, aerobic 

exercise performance was not significantly different between groups, and the correlations did 

not reach significance. Although this could be related to the small sample size, the finding is 

in accordance with a previous study investigating the influence of kinesiophobia on walking 

endurance in patients with chronic low back pain [34]. However, positive associations 

between kinesiophobia and pain intensity [6,7], and kinesiophobia and self-reported disability 

[6,33] have been demonstrated previously in patients with chronic musculoskeletal pain, 

suggesting that pain-related cognitions might facilitate pain intensity and deconditioning [35], 

or that pain intensity might drive escape and avoidance behaviours [36]. These current and 

previous findings suggest that identification of kinesiophobic beliefs may be important for 

understanding pain intensity and pain-related disability in patients with chronic 

musculoskeletal pain.  

 

<B>Baseline pressure pain sensitivity  

No significant differences in PPTs were found between groups, and no significant association 

was demonstrated between kinesiophobia and PPTs. This finding was unexpected as previous 

studies investigating the influence of other pain-related cognitions within the fear avoidance 

model have demonstrated an association between pain catastrophisation and pain tolerance 

[37], as well as between pain catastrophisation and temporal summation of pain [38]. 

Moreover, a recent study demonstrated a moderately strong association between 
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kinesiophobia and pain catastrophising in patients with neck pain [39]. A possible 

explanation for the equivocal results could be that the association is only manifest when the 

pain test stimuli is related to more intensely painful stimuli above the pain threshold. This is 

supported by a previous study indicating that pain catastrophisation enhances pain via 

supraspinal processes [40]. However, Martel et al. did find an association between pain 

catastrophisation and mechanical pain thresholds in the oesophagus in healthy subjects [41]. 

The influence of kinesiophobia on pain sensitivity has not been investigated previously, and 

further research into its influence on different aspects of pain sensitivity (e.g. thresholds, 

tolerance and temporal summation of pain) is warranted. 

 

<B>Exercise-induced hypoalgesia 

Aerobic and isometric exercise increased PPTs at local and remote assessment sites, which is 

in agreement with other studies showing a hypoalgesic response after exercise in healthy 

subjects [13–16,42] and patients with chronic pain [17,43–46]. In contrast to these findings, 

earlier studies have demonstrated a lack of EIH response in patients with chronic pain 

[18,19,47–49], and the results from a recent meta-analysis indicate that a subset of patients 

with chronic pain demonstrated impaired EIH responses compared with asymptomatic 

controls [11]. This study did not include healthy control groups with low and high degrees of 

kinesiophobia, and it may be that although exercise produced hypoalgesia in the included 

sample, the EIH responses in this population may be markedly impaired compared with 

healthy controls. No significant difference in EIH was found between patients with low and 

high degrees of kinesiophobia, and the TSK score was not significantly associated with any 

of the EIH responses in the present study. One reason for this unexpected finding could be 

related to the significant difference in isometric exercise performance between groups with 

low and high kinesiophobia, as a previous study in patients with fibromyalgia showed larger 
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EIH responses after exercise at a preferred lower intensity compared with prescribed higher 

intensity exercise [17]. However, no significant difference in aerobic exercise performance 

was found, suggesting robust EIH despite different levels of kinesiophobia. The influence of 

kinesiophobic beliefs on EIH has not been investigated previously, but the lack of association 

between kinesiophobia and EIH suggests that the mechanisms responsible for the EIH 

response are not significantly related to pain-related cognitions. However, the influence of 

kinesiophobia on EIH may have less influence in this sample when chronic pain is present 

compared with the potential influence in asymptomatic controls, which should be 

investigated further. 

 

<B>Clinical implications 

Although physical exercise is an important component in the treatment and management of 

patients with chronic musculoskeletal pain, previous research has demonstrated that not all 

patients with musculoskeletal pain experience a hypoalgesic response following exercise 

[19,25,48]. This study suggests that the hypoalgesic response to exercise is not influenced 

significantly by fear of movement beliefs, indicating that physical exercise can induce 

hypoalgesia in subjects with chronic musculoskeletal pain regardless of such beliefs. 

 

<B>Study limitations 

This exploratory secondary analysis is limited by the small sample size. Limitations include 

lack of statistical power; in particular, the comparison of PPTs and EIH between groups 

should be interpreted with care. Larger studies should confirm the findings of this study. The 

intensity of aerobic exercise was not based on an exhaustive physical performance test, and 

determination of VO2max and the duration at the desired intensity was limited to 15 minutes, 
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which may create some concern in terms of interpretation of the aerobic exercise 

performance between groups. 

 

<A>Conclusions 

These findings indicate that although kinesiophobic beliefs influence pain intensity, they do 

not influence PPTs and EIH significantly, suggesting that exercise can induce hypoalgesia in 

subjects with chronic musculoskeletal pain, regardless of such beliefs. 
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and was approved by the local ethical committee (S-20110070). All patients provided written 

informed consent. 

 

Funding: This study was supported by grants from the philanthropic foundation TrygFonden 

(7-11-0990), the Danish Rheumatism Association (R95-A1871), the Fund for Physiotherapy 

in Private Practice and the Research Foundation of the Danish Physiotherapy Association. 

Funders were not involved in the design or conduct of this study. The Centre for 

Neuroplasticity and Pain is supported by the Danish National Research Foundation 

(DNRF121). 

 

Conflict of interest: None declared. 

 

References 

[1] Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with 

disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a systematic 

analysis for the Global Burden of Disease Study 2010. Lancet 2012; 380:2163–96. 



14 
 

[2] Vaegter HB, Graven-Nielsen T. Pain modulatory phenotypes differentiate subgroups with 

different clinical and experimental pain sensitivity. Pain 2016;157:1480–8. 

[3] Graven-Nielsen T, Arendt-Nielsen L. Assessment of mechanisms in localized and widespread 

musculoskeletal pain. Nat Rev Rheumatol 2010;6:599–606. 

[4] Kori SH, Miller RP, Todd DD. Kinisophobia: a new view of chronic pain behavior. Pain Manag 

1990;1:35–43. 

[5] Vlaeyen JW, Kole-Snijders AM, Boeren RG, van Eek H. Fear of movement/(re)injury in chronic 

low back pain and its relation to behavioral performance. Pain 1995;62:363–72. 

[6] Lundberg M1, Larsson M, Ostlund H, Styf J. Kinesiophobia among patients with musculoskeletal 

pain in primary healthcare. J Rehabil Med 2006;38:37–43. 

[7] Branstrom H, Fahlstrom M. Kinesiophobia in patients with chronic musculoskeletal pain: 

differences between men and women. J Rehabil Med 2008;40:375–80. 

[8] Huis 't Veld RM1, Vollenbroek-Hutten MM, Groothuis-Oudshoorn KC, Hermens HJ. The role of 

the fear-avoidance model in female workers with neck-shoulder pain related to computer 

work. Clin J Pain 2007;23:28–34. 

[9] Lentz TA1, Barabas JA, Day T, Bishop MD, George SZ. The relationship of pain intensity, 

physical impairment, and pain-related fear to function in patients with shoulder pathology. J 

Orthop Sports Phys Ther 2009;39:270–7. 

[10] Mannerkorpi K, Henriksson C. Non-pharmacological treatment of chronic widespread 

musculoskeletal pain. Best Pract Res Clin Rheumatol 2007;21:513–34. 

[11] Naugle KM, Fillingim RB, Riley JL 3rd. A meta-analytic review of the hypoalgesic effects of 

exercise. J Pain 2012;13:1139–50. 

[12] Koltyn KF. Exercise-induced hypoalgesia and intensity of exercise. Sports Med 2002;32:477–

87. 



15 
 

[13] Vaegter HB, Handberg G, Graven-Nielsen T. Similarities between exercise-induced hypoalgesia 

and conditioned pain modulation in humans. Pain 2014;155:158–67. 

[14] Vaegter HB, Handberg G, Jørgensen MN, Kinly A, Graven-Nielsen T. Aerobic exercise and 

cold pressor test induce hypoalgesia in active and inactive men and women. Pain Med 

2015;16:923–33. 

[15] Vaegter HB, Hoeger Bement M, Madsen AB, Fridriksson J, Dasa M, Graven-Nielsen T. 

Exercise increases pressure pain tolerance but not pressure and heat pain thresholds in 

healthy young men. Eur J Pain 2017;21:73–81. 

[16] Gajsar H, Titze C, Hasenbring MI, Vaegter HB. Isometric back exercise has different effect on 

pressure pain thresholds in healthy men and women. Pain Med 2017;18:917–23. 

[17] Newcomb LW1, Koltyn KF, Morgan WP, Cook DB. Influence of preferred versus prescribed 

exercise on pain in fibromyalgia. Med Sci Sports Exerc 2011;43:1106–13. 

[18] Lannersten L, Kosek E. Dysfunction of endogenous pain inhibition during exercise with painful 

muscles in patients with shoulder myalgia and fibromyalgia. Pain 2010;151:77–86. 

[19] Cook DB, Stegner AJ, Ellingson LD. Exercise alters pain sensitivity in Gulf War veterans with 

chronic musculoskeletal pain. J Pain 2010;11:764–72. 

[20] Van Oosterwijck J1, Nijs J, Meeus M, Van Loo M, Paul L. Lack of endogenous pain inhibition 

during exercise in people with chronic whiplash associated disorders: an experimental study. 

J Pain 2012;13:242–54. 

[21] Hoeger Bement MK, Weyer A, Hartley S, Drewek B, Harkins AL, Hunter SK. Pain perception 

after isometric exercise in women with fibromyalgia. Arch Phys Med Rehabil 2011;92:89–

95. 

[22] Fingleton C, Smart K, Doody C. Exercise-induced hypoalgesia in people with knee 

osteoarthritis with normal and abnormal conditioned pain modulation. Clin J Pain 

2017;33:395–404. 



16 
 

[23] George SZ, Bialosky JE, Donald DA. The centralization phenomenon and fear-avoidance 

beliefs as prognostic factors for acute low back pain: a preliminary investigation involving 

patients classified for specific exercise. J Orthop Sports Phys Ther 2005;35:580–8. 

[24] Werneke MW, Hart DL, George SZ, Stratford PW, Matheson JW, Reyes A. Clinical outcomes 

for patients classified by fear-avoidance beliefs and centralization phenomenon. Arch Phys 

Med Rehabil 2009;90:768–77. 

[25] Vaegter HB, Handberg G, Graven-Nielsen T. Hypoalgesia after exercise and the cold pressor 

test is reduced in chronic musculoskeletal pain patients with high pain sensitivity. Clin J Pain 

2016;32:58–69. 

[26] Ferraz MB, Quaresma MR, Aquino LR, Atra E, Tugwell P, Goldsmith CH. Reliability of pain 

scales in the assessment of literate and illiterate patients with rheumatoid arthritis. J 

Rheumatol 1990;17:1022–4. 

[27] Fillingim RB, King CD, Ribeiro-Dasilva MC, Rahim-Williams B, Riley JL 3rd. Sex, gender, and 

pain: a review of recent clinical and experimental findings. J Pain 2009;10:447–85. 

[28] Bement MH, Drewek B, Hunter SK. Men report greater pain relief following sustained static 

contractions than women when matched for baseline pain. J Mot Behav 2014;46:107–13. 

[29] Sternberg WF, Bokat C, Kass L, Alboyadjian A, Gracely RH. Sex-dependent components of the 

analgesia produced by athletic competition. J Pain 2001;2:65–74. 

[30] Koltyn KF, Trine MR, Stegner AJ, Tobar DA. Effect of isometric exercise on pain perception 

and blood pressure in men and women. Med Sci Sports Exerc 2001;33:282–90. 

[31] Svensson GL, Lundberg M, Ostgaard HC, Wendt GK. High degree of kinesiophobia after 

lumbar disc herniation surgery: a cross-sectional study of 84 patients. Acta Orthop 

2011;82:732–6. 



17 
 

[32] Feleus A, van Dalen T, Bierma-Zeinstra SM, Bernsen RM, Verhaar JA, Koes BW, et al. 

Kinesiophobia in patients with non-traumatic arm, neck and shoulder complaints: a 

prospective cohort study in general practice. BMC Musculoskelet Disord 2007;8:117. 

[33] Domenech J, Sanchis-Alfonso V, López L, Espejo B. Influence of kinesiophobia and 

catastrophizing on pain and disability in anterior knee pain patients. Knee Surg Sports 

Traumatol Arthrosc 2013;21:1562–8. 

[34] Vincent HK, Seay AN, Montero C, Conrad BP, Hurley RW, Vincent KR. Kinesiophobia and 

fear-avoidance beliefs in overweight older adults with chronic low-back pain: relationship to 

walking endurance – Part II. Am J Phys Med Rehabil 2013;92:439–45. 

[35] Linton SJ, Shaw WS. Impact of psychological factors in the experience of pain. Phys Ther 

2011;91:700–11. 

[36] Eccleston C, Crombez G. Pain demands attention: a cognitive-affective model of the 

interruptive function of pain. Psychol Bull 1999;125:356–66. 

[37] Edwards RR, Dolman AJ, Michna E, Katz JN, Nedeljkovic SS, Janfaza D, et al. Changes in 

pain sensitivity and pain modulation during oral opioid treatment: the impact of negative 

affect. Pain Med 2016;17:1882–91. 

[38] Edwards RR, Smith MT, Stonerock G, Haythornthwaite JA. Pain-related catastrophizing in 

healthy women is associated with greater temporal summation of and reduced habituation to 

thermal pain. Clin J Pain 2006;22:730–7. 

[39] Carriere JS, Thibault P, Milioto M, Sullivan MJL. Expectancies mediate the relations among 

pain catastrophizing, fear of movement, and return to work outcomes after whiplash injury. J 

Pain 2015;16:1280–7. 

[40] Rhudy JL, Martin SL, Terry EL, France CR, Bartley EJ, DelVentura JL, et al. Pain 

catastrophizing is related to temporal summation of pain but not temporal summation of the 

nociceptive flexion reflex. Pain 2011;152:794–801. 



18 
 

[41] Martel MO, Olesen AE, Jørgensen D, Nielsen LM, Brock C, Edwards RR, et al. Does 

catastrophic thinking enhance oesophageal pain sensitivity? An experimental investigation. 

Eur J Pain 2016;20:1214–22. 

[42] Vaegter HB, Handberg G, Graven-Nielsen T. Isometric exercises reduce temporal summation of 

pressure pain in humans. Eur J Pain 2015;19:973–83. 

[43] Meeus M, Roussel NA, Truijen S, Nijs J. Reduced pressure pain thresholds in response to 

exercise in chronic fatigue syndrome but not in chronic low back pain: an experimental study. 

J Rehabil Med 2010;42:884–90. 

[44] Vaegter HB, Handberg G, Emmeluth C, Graven-Nielsen T. Preoperative hypoalgesia after cold 

pressor test and aerobic exercise is associated with pain relief six months after total knee 

replacement. Clin J Pain 2017;33:475–84. 

[45] Kosek E, Roos EM, Ageberg E, Nilsdotter A. Increased pain sensitivity but normal function of 

exercise induced analgesia in hip and knee osteoarthritis – treatment effects of neuromuscular 

exercise and total joint replacement. Osteoarthritis Cartilage 2013;21:1299–307. 

[46] Kadetoff D, Kosek E. The effects of static muscular contraction on blood pressure, heart rate, 

pain ratings and pressure pain thresholds in healthy individuals and patients with 

fibromyalgia. Eur J Pain 2007;11:39–47. 

[47] Kosek E, Ekholm J, Hansson P. Modulation of pressure pain thresholds during and following 

isometric contraction in patients with fibromyalgia and in healthy controls. Pain 

1996;64:415–23. 

[48] Staud R, Robinson ME, Price DD. Isometric exercise has opposite effects on central pain 

mechanisms in fibromyalgia patients compared to normal controls. Pain 2005;118:176–84. 

[49] Vierck CJ Jr, Staud R, Price DD, Cannon RL, Mauderli AP, Martin AD. The effect of maximal 

exercise on temporal summation of second pain (windup) in patients with fibromyalgia 

syndrome. J Pain 2001;2:334–44.  



19 
 

Table 1 

Mean (standard deviation) scores of clinical pain intensity and duration, pressure pain thresholds, exercise 

performance and exercise-induced hypoalgesia (EIH) responses after aerobic and isometric exercise in patients 

with chronic musculoskeletal pain with low and high degrees of kinesiophobia [cut-off: Tampa Scale of 

Kinesiophobia (TSK) score ≥38] 

 

  Raw data Z-scores Statistics 

Domain Variables Total 
sample 

(n=54) 

Low  

kinesiophob
ia 

(n=23) 

High  

kinesiophob
ia 

(n=31) 

Mean 
difference 
(95% CI) 

Low 
kinesioph
obia 

(n=23) 

High 
kinesioph
obia 

(n=31) 

P-
valu
e 

Effect 
size 
(Hedge’
s g) 

Clinical 
pain 
profile 

Pain duration  (years) 

Clinical pain intensity 
(NRS: 0 to 10) 

10.9 
(10.8) 

6.9 
(1.6) 

10.3 (9.2) 

6.3 (1.6) 

11.3 (11.1) 

7.3 (1.6) 

-1.0 (-7.1 to 
4.9) 

-1.0 (-1.9 to -
0.08) 

-0.03 
(1.01) 

-0.39 
(0.96) 

0.01 
(0.99) 

0.27 
(0.93) 

0.89 

0.01
5 

0.04 

0.67 

 

Pressur
e pain 
thresho
lds 

Dominant quadriceps 
muscle (kPa) 

Non-dominant 
quadriceps muscle (kPa) 

Dominant biceps muscle 
(kPa) 

Non-dominant trapezius 
muscle (kPa) 

529 
(390) 

556 
(390) 

306 
(237) 

353 
(276) 

468 (387) 

471 (390) 

273 (235) 

340 (315) 

575 (392) 

619 (385) 

331 (240) 

363 (249) 

-107 (-323 to 
108) 

-148 (-361 to 
67) 

-58 (-189 to 
73) 

-23 (-177 to 
131) 

0.10 
(0.77) 

0.08 
(0.85) 

0.14 
(0.78) 

0.27 
(0.94) 

-0.07 
(1.14) 

-0.06 
(1.09) 

-0.10 
(1.12) 

-0.20 
(0.99) 

0.55 

0.59 

0.38 

0.09 

0.17 

0.14 

0.24 

0.48 

 

Exercis
e 
perfor
mance 

Cycling intensity (Watts) 

Heart rate 
(beats/minute) 

Perceived exertion (RPE: 
6 to 20) 

Isometric muscle 
strength (N) 

99 (35) 

151 
(10) 

15 (2) 

228 
(110) 

99.1 (29.6) 

151 (11) 

14.9 (1.4) 

231 (114) 

98.2 (39.2) 

150 (11) 

15.3 (1.6) 

224 (108)  

-0.9 (-18.7 to 
20.5) 

1 (-5 to 6) 

-0.4 (-1.2 to 
0.4) 

7 (-54 to 68) 

0.28 
(0.93) 

-0.004 
(0.83) 

-0.12 
(0.95) 

0.34 
(1.20) 

-0.21 
(1.00) 

0.003 
(1.11) 

0.09 
(1.03) 

-0.25 
(0.73) 

0.08 

0.98 

0.46 

0.03 

0.50 

0.01 

0.21 

0.61 

 

EIH 
after 
bicyclin
g 

Dominant quadriceps 
muscle (%) 

Non-dominant 
quadriceps muscle (%) 

Dominant biceps muscle 
(%) 

122.4 
(31.1) 

124.5 
(37.4) 

127.3 
(42.2) 

129.4 (35.8) 

135.4 (42.6) 

144.4 (53.2) 

120.6 (28.7) 

117.2 (26.5) 

116.4 (31.3) 

114.7 (26.1) 

112.6 (20.0) 

12.2 (-4.8 to 
29.2) 

19.0 (-1.1 to 
39.2) 

29.7 (7.6 to 
51.7) 

0.14 
(1.02) 

0.15 
(1.03) 

0.25 
(1.11) 

-0.10 
(0.80) 

-0.11 
(0.96) 

-0.18 
(0.86) 

0.34 

0.34 

0.12 

0.58 

0.26 

0.26 

0.44 

0.16 
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Non-dominant trapezius 
muscle (%) 

116.0 
(24.2) 

8.0 (-5.3 to 
21.2) 

0.09 
(1.09) 

-0.07 
(0.92) 

EIH 
after 
isometr
ic knee 
extensi
on 

Dominant quadrics 
muscle (%) 

Non-dominant 
quadriceps muscle (%) 

Dominant biceps muscle 
(%) 

Non-dominant trapezius 
muscle (%) 

114.9 
(28.7) 

113.6 
(24.6) 

110.4 
(24.1) 

110.7 
(18.1) 

119.6 (38.1) 

119.1 (22.4) 

118.8 (24.2) 

112.0 (19.3) 

111.4 (19.1) 

109.5 (25.7) 

104.2 (22.4) 

109.7 (17.4) 

8.2 (-7.6 to 
24.1) 

9.6 (-3.8 to 
23.1) 

14.6 (1.8 to 
27.4) 

2.3 (-8.0 to 
12.5) 

0.05 
(1.23) 

0.10 
(0.86) 

0.24 
(0.97) 

0.01 
(1.04) 

-0.04 
(0.79) 

-0.07 
(1.09) 

-0.18 
(0.98) 

-0.01 
(0.97) 

0.75 

0.54 

0.12 

0.93 

0.09 

0.17 

0.42 

0.02 

NRS, numerical rating scale; RPE, rating of perceived exertion; CI, confidence interval. 

Raw data and mean difference (95% CI) are presented for the total sample, and sex-adjusted z-scores are 
presented for low and high TSK groups. P-values and effect sizes are based on sex-adjusted z-scores and 
independent t-test between low and high kinesiophobia groups.  


