
Aalborg Universitet

Effect of prolonged experimental neck pain on exercise-induced hypoalgesia

Christensen, Steffan Wittrup McPhee; Cancino, Edith Elgueta; Simonsen, Morten Bilde; de
Brito Silva, Priscila; Sørensen, Line Bay; Graven-Nielsen, Thomas; Hirata, Rogerio Pessoto
Published in:
Pain

DOI (link to publication from Publisher):
10.1097/j.pain.0000000000002641

Creative Commons License
CC BY-NC 4.0

Publication date:
2022

Document Version
Accepted author manuscript, peer reviewed version

Link to publication from Aalborg University

Citation for published version (APA):
Christensen, S. W. M., Cancino, E. E., Simonsen, M. B., de Brito Silva, P., Sørensen, L. B., Graven-Nielsen, T.,
& Hirata, R. P. (2022). Effect of prolonged experimental neck pain on exercise-induced hypoalgesia. Pain,
163(12), 2411-2420. https://doi.org/10.1097/j.pain.0000000000002641

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: December 05, 2025

https://doi.org/10.1097/j.pain.0000000000002641
https://vbn.aau.dk/en/publications/4a59a41b-1769-43a1-a94a-2672aed895c0
https://doi.org/10.1097/j.pain.0000000000002641


D
ow

nloaded
from

http://journals.lw
w
.com

/pain
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3i3D

0O
dR

yi7TvSFl4C
f3VC

1y0abggQ
ZXdtw

nfKZBYtw
s=

on
03/25/2022

Downloadedfromhttp://journals.lww.com/painbyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC1y0abggQZXdtwnfKZBYtws=on03/25/2022

PAIN Publish Ahead of Print
DOI: 10.1097/j.pain.0000000000002641

 1

 

 

The effect of prolonged experimental neck pain on exercise-induced hypoalgesia 

Steffan Wittrup McPhee Christensen1,2; Edith Elgueta Cancino3,4; Morten Bilde Simonsen1,5; 

Priscila de Brito Silva2; Line Bay Sørensen3; Thomas Graven-Nielsen3; Rogerio Pessoto Hirata1,6  

 

1Department of Health Science and Technology, Aalborg University, Aalborg, Denmark 

2Department of Physiotherapy, University College of Northern Denmark, Aalborg, Denmark 

3Center for Neuroplasticity and Pain (CNAP), Department of Health Science and Technology, 

Aalborg University, Aalborg, Denmark 

4Center of Precision Rehabilitation for Spinal Pain, School of Sport, Exercise and Rehabilitation 

Sciences, University of Birmingham, Birmingham, United Kingdom 

5Centre for Clinical Research, North Denmark Regional Hospital, Hjoerring, Denmark 

6Sport Sciences – Performance and Technology, Faculty of Medicine, Department of Health 

Science and Technology, Aalborg University, Aalborg, Denmark 

 

 

Corresponding author:  Associate Professor Steffan Wittrup McPhee Christensen Department of 

Health Science and Technology, Aalborg University, Fredrik Bajers Vej 7D-3, Aalborg, Denmark, 

9220 Aalborg E, Denmark Phone: +45 99408889,  E-mail: stc@hst.aau.dk  URL: 

https://www.hst.aau.dk/  

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2022



 2

ABSTRACT  

Neck pain is a common musculoskeletal problem often accompanied by reduced exercise-induced 

hypoalgesia (EIH) or hyperalgesia compared to an asymptomatic population. This study 

investigated EIH in a healthy population during experimental neck pain. Forty participants were 

randomized into this double-blinded parallel-group study. On four separate test days (Day0, Day2, 

Day4, Day15), participants completed the Neck Disability Index (NDI) and scored neck pain 

intensity during head movements on a numerical rating scale (NRS). At the end of Day0 and Day2, 

Nerve Growth Factor (NGF) or isotonic saline (control) was injected into the right splenius capitis 

muscle. Pressure pain thresholds (PPTs) were recorded bilaterally over splenius capitis (neck), 

temporalis (head) and tibialis anterior (leg) muscles on all days. On Day0, Day4 and Day15, PPTs 

were recorded before and after a hand-bike exercise. EIH was defined as the PPT increase caused 

by the exercise. Compared with the control-group, the NGF-group demonstrated higher NDI scores 

at Day2 and Day4 (P<0.001,η2>0.557) and higher NRS scores (P<0.03,η2>0.09) along with 

reduced neck PPTs (P<0.01,d>0.44) at Day2(Right:95%CI[26.0,54.0];Left:95%CI[6.8,26.9]), 

Day4(Right:95%CI[40.5, 67.9];Left:95%CI[6.9,28.2]) and 

Day15(Right:95%CI[5.6,37.2];Left:95%CI[6.9,34.8]). Across days, the EIH-effect was reduced at 

the neck site in the NGF-group compared to the control-group (P<0.001,η2
P=0.367,95%CI[–34.5,-

13.7]). At the head and leg sites, the NGF-group showed reduced EIH-effect compared to the 

control-group (P<0.05,d>0.43) on Day4(Head:95%CI[-61.4,-22.9];Leg:95%CI[-154.7,-72.4]) and 

Day15(Head:95%CI[-54.3,-7.6];Leg:95%CI[-122.7,-34.4]). These results indicate that a few days 

of clinically comparable neck pain and hyperalgesia might have a negative impact on EIH-

responses and may help explain why some neck pain patients do not experience immediate positive 

effects of exercise.    
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INTRODUCTION  

Neck pain is one of the most considerable musculoskeletal problems [16;40], with many developing 

pain lasting for >3months [8;9]. Despite a multitude of possible treatment strategies [23;24], even 

comprehensive interventions seem to be no more effective than advice [22;35]. Although exercise 

training (multiple sessions), including strength and endurance exercises, has shown promise as 

treatment modalities [23], the influence on central pain mechanisms remains unclear [22;35].  

Increased local and widespread pain sensitivity is often observed in neck pain patients compared to 

asymptomatic individuals [12;49;50;64]. Hyperalgesia, especially in distant areas away from the 

painful site, is suggested to be a sign of altered central pain processing [4;64]. This difference in 

central nociceptive processing between those with pain and asymptomatic subjects can also be 

observed in responses to exercise [39]. In healthy participants, exercise (single session) including 

resistance and aerobic exercises, lasting approximately 3 to 40minutes, have shown to decreased 

pain sensitivity, also known as exercise-induced hypoalgesia (EIH) [30;39]. The underlying 

mechanism of EIH remains unclear, but it has been suggested that exercise engages the endogenous 

pain modulatory system to decrease pain sensitivity, although this mechanism may not be working 

efficiently in patients with persistent pain [39;57]. Interestingly, other studies have found increased 

pain sensitivity following exercises consisting of 3-6 series of repeated arm-movements or 

submaximal cycling for approximately 2-5minutes in populations with persistent neck pain [12;59], 

which is contrasted by studies showing positive effects on pain sensitivity following exercise 

training 3-5times per week consisting of resistance-exercise with/without 30minutes of aerobic-
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exercises over 2-6months [3;28]. Understanding this relationship between exercise and altered pain 

sensitivity is crucial to optimize exercise-rehabilitation of neck pain [12;22;59]. While studies have 

examined EIH in persistent neck pain [12;26;45;46;59] there is a paucity of studies investigating 

this in the early stages following the onset of neck pain. This lack of research may be explained by 

the difficulties of recruiting participants immediately before or after the onset of neck pain. 

Therefore, experimental pain models lasting several days provide an opportunity for investigating 

sensory changes during the early stage of neck pain [1;11]. Previous experimental neck pain studies 

have been limited by pain models lasting only minutes [11;13]. This short-lasting pain may not be 

sufficient to illuminate how pain may impact EIH over time. One study has used eccentric exercise 

to induce neck muscle pain lasting for a few days [1], while intramuscular injections of Nerve 

Growth Factor (NGF) have shown promise as a model inducing muscle pain lasting several days 

[42;47]. The advantage of an NGF-model compared to eccentric exercises is the ability to extend 

the duration of pain with repeated injections [37;52].  

This study aimed to investigate the effect of NGF-induced experimental neck pain over sixteen days 

in healthy participants and assess pain sensitivity and EIH, compared to control injections of 

isotonic saline. It was hypothesized that: (i) the NGF-group would display increased pain sensitivity 

and decreased EIH following neck pain onset compared to both baseline and the control-group; and 

(ii) these changes will normalize once the pain had subsided.  

 

 

METHODS 

Participants 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2022



 5

One hundred and forty-three participants reported interest in the study following advertisements on 

social media and at local educational facilities (Fig. 1). Forty-one did not report back after receiving 

further information regarding the study, and four were no longer interested. Of those remaining, 47 

fulfilled the inclusion criteria: healthy pain-free participants between 18-50 years of age and able to 

speak and read Danish or English. Exclusion criteria were any neck or shoulder pain during the past 

six months, any previous neck or shoulder surgery, any current or previous recurring painful 

conditions or any neurologic, musculoskeletal or mental illnesses that could influence the results. 

Furthermore, regular use of analgesics, drug addiction, heavy exercise during the days leading up to 

the test sessions, left-hand dominance or pregnancy was also cause of exclusion. Participants were 

asked to refrain from starting new exercise regimes, whereas any ongoing regular exercise training 

(e.g., running, walking, cycling, fitness) was allowed since there is no consensus that physical 

activity levels influence EIH in a young population [7;36]. Participants were given written and 

verbal information about the study prior to providing their written informed consent. The study was 

approved by the local ethics committee (N-20180063). This study focusing on the effect of exercise 

on pain sensitivity is part of a larger project (Clinicaltrial.gov: NCT03848247) investigating 

potential effects of prolonged experimental neck pain on pain sensitivity, cortical excitability, and 

alterations in human movement.   

As no previous study has used a similar experimental NGF neck pain model, the sample size 

calculations were based on Pressure Pain Threshold (PPT) data from the neck area in clinical neck 

pain [12]. Using G*power v3.1.9.4 (Heinrich-Heine-Universität, Düsseldorf, Germany), a sample 

size calculation was performed for a repeated measure analysis of variance (RM-ANOVA) with two 

groups, four days, 90% power, α 0.05 and a Cohen´s f for a medium effect size of f=0.27. The 

correlation between repeated measures was set at 0.3 to account for interindividual differences in 
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response to experimental neck pain, giving an estimated sample size of 36 needed. Therefore 40 

participants (20 per group) were recruited for this study to be conservative.    

 

Protocol 

This study used a parallel-group design and was conducted in a laboratory setting at Aalborg 

University in 2019 with pilot testing starting in January and the final session was completed in May. 

Participants were randomized (balanced) to either a neck pain condition (NGF-group) or a control 

condition (control-group; Fig. 2). Participants had to participate on four separate days; Day0, Day2, 

Day4 and Day15. Each session lasted approximately 2-hours except for Day2 lasting approximately 

30 min. All sessions started with participants reporting the sleep duration in the previous night, 

filling out the neck disability index (NDI), and describing any painful experience (see experimental 

pain section below). Day0, Day4 and Day15 followed the same protocol (Fig. 2). From a seated 

position on a chair without a backrest, pressure pain thresholds (PPTs) were assessed with 

participants leaning forward with their upper body and forehead resting on a table in front of them. 

PPTs were assessed before and immediately after an upper limb exercise session, followed by 

reassessing any potential painful experience. Participants were informed that the objective of the 

study was to investigate any potential relationship between neck pain, pain sensitivity and exercise 

but remained naïve to both the study hypothesis and how exercise may influence EIH-responses.   

The protocol for Day2 included questionnaires and describing any potential painful experience 

before assessing PPTs. At the end of Day0 and Day2, participants received an injection of either 

Nerve Growth Factor (NGF) or Isotonic saline as a control injection depending on group allocation. 

Participants picked an opaque envelope containing information on group allocation, which was only 

reviled to the person giving the injection.   
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Experimental neck pain 

A solution of sterile recombinant human NGF (0.5 ml, 5 μg, Skanderborg pharmacy, Denmark) was 

injected into the right (side of hand dominance) splenius capitis muscle at C3 level between the 

borders of the upper trapezius and the sternocleidomastoid muscles following a previously 

described protocol [11;13]. An intramuscular NGF injection causes muscle pain/soreness during 

muscle contractions and increased sensitivity to pressure stimulation lasting a few days 

[6;25;42;53]. Therefore, a protocol including two repeated NGF injections separated by 2-days was 

implemented to prolong the painful sensation [15;42;51]. For the control-group injections of 0.5 ml 

isotonic saline (0.9%) were used, which should not cause any discomfort during muscle contraction 

or increased mechanical sensitivity [6;11;13;20]. Both participants and assessors were blinded to 

group allocation.   

Neck pain intensity was scored on an 11-point numerical rating scale (NRS; 0 = no pain, 10 = worst 

imaginable pain) [31] during non-standardized head movements where participants were asked to 

rotate their heads to look over their shoulders. The area of perceived pain was marked on a body 

chart [11-13]. The marked areas on body charts were extracted using Adobe Acrobat Pro (San Jose, 

CA, USA; v.2019.012.20034) in arbitrary units (a.u.) and the combined value (the area from 

anterior, posterior and side view) was used for further analysis. The NDI questionnaire [61], 

expressed as a percentage of scored items, was used to assess changes regarding disability 

associated with neck pain. Quality of pain was described by choosing words from the McGill pain 

questionnaire (MPQ) [17;33]. On Day4, all participants were asked which injection type, NGF or 

saline, they believed they received.  

 

Pressure pain sensitivity 
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Pressure pain sensitivity was assessed by PPTs using a handheld pressure algometer (Somedic, 

Hörby, Sweden) mounted with a 1 cm2 probe protected by a disposable cover. The pressure was 

steadily increased by 30 kPa/s. The threshold was defined as the instant that the pressure went from 

a pressure to first becoming painful, at which time point the participant would push a button wired 

to the algometer which recorded the pressure. PPTs were recorded at three bilaterally locations (six 

in total): 1) A neck site over the splenius capitis muscle (neck) just superior to the injection site (C3 

level) [11-13]. 2) A segmental head site over the temporal muscle (head) above the base of the ear 

[11-13;29]. 3) A distal leg site over the upper one-third of the tibialis anterior muscle (leg) 

[10;32;42;44]. PPTs were always assessed first at the neck, then the head, followed by the leg site 

on one side of the body, followed by the contralateral side and this was repeated three times. The 

start side (right/left) for PPT was randomized in a balanced way for both groups (NGF/control) and 

was the same between sessions for each participant. The average of the three measurements for each 

site was used for further analysis.  

 

Exercise-induced hypoalgesia 

Upper limb exercise was performed using an adjustable hand-bike (SCI FIT Pro II; Tulsa, 

Oklahoma, USA) without a backrest. A progressive exercise protocol was adapted from previous 

studies [41;43]. Participants were asked to maintain 70 rounds per minute (RPM) during the entire 

hand-bike exercise, which was ensured by visually observing the display showing RPMs. Following 

3 minutes with a bike resistance of 3.0 (arbitrary units), the resistance was increased by 0.5 a.u. 

every minute. The exercise session was stopped when the participants could no longer maintain 70 

RPM or at a 16-minute time limit. The time of the last completed minute was noted and used as a 

target for the following sessions. Every minute during the hand-bike exercise, participants were 
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asked to rate any neck pain on the NRS scale. EIH was calculated by subtracting pre-exercise PPT 

values from post-exercise values.  

 

Statistics 

The statistical analyses were conducted using SPSS v.25 (IBM, Chicago, IL, USA). Demographic 

and sleep data were compared between groups using a Mann-Whitney U test. Completed minutes of 

exercise, NRS scores of neck pain, area of perceived pain, and NDI were assessed over days for 

each group (NGF, control) using a Friedman’s ANOVA. A Bonferroni corrected Wilcoxon’s test 

was used as a post-hoc test when indicated. Group comparisons at each time point were conducted 

using a Mann-Whitney U test and likewise, a Bonferroni correction was implemented to correct for 

multiple comparisons. For the Friedman’s ANOVA the Kendall’s W was reported, while Eta 

Squared (η2) was reported for the Wilcoxon’s and the Mann-Whitney U test. 

PPT data were analysed for normality using the Shapiro-Wilk test, after which the appropriate 

statistical approach was selected accordingly. First, PPTs at Day0 were analysed for potential group 

differences as well as to confirm an EIH-response using a RM-ANOVA with Group (NGF, control) 

as between-subject factor and Side (right, left) and Time (Pre-, Post-exercise), after which pre-

exercise PPTs at Day2, Day4 and Day15 were normalized (percentages) to baseline at Day0, 

thereby showing the change from baseline. Normalised PPT data were analysed with a RM-

ANOVA with Group (NGF, control) as between-subject factor and Side (right, left) and Days 

(Day2, Day4, Day15) as within-subject factors. This was done separately for each site (neck, head, 

leg) and Bonferroni corrected pairwise comparisons were used for post-hoc analysis.  

Changes in EIH were analysed using a RM-ANOVA with Group (NGF, control) as between-subject 

factor and Side (Right, Left) and Days (Day0, Day4, Day15) as within-subject factors. This was 
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done separately for each site (neck, head, leg), and Bonferroni corrected pairwise comparisons were 

used for post-hoc analysis and reported along with 95% CI and Cohen's d. For the RM-ANOVAs, 

the partial Eta Squared (η2
P) and 95% CI was reported. A significance level of 0.05 was accepted. 

All data in text and figures/tables are presented as the mean and standard error of the mean (SEM) 

or median and interquartile range (25th and 75th percentile).  

 

 

RESULTS 

Of the 47 recruited participants, a total of 40 (20 in each group) completed the study (Fig. 1). Of 

those completing the study, three participants were unable to guess the type of injection they 

received when asked on Day4. No significant difference between groups was seen for age, height, 

weight or hours of sleep (Table 1).  

 

Perceived pain intensity, area, quality and disability 

For pre-exercise neck pain, the Friedman’s ANOVA indicated a difference between days in the 

NRS scores during head movements (Table 2) for the NGF-group (χ2(3)=51.503, P<0.001, 

W=0.858). On Day2 and Day4, the NGF-group had higher pain NRS scores compared to Day0 and 

Day15 (Wilcoxon: P<0.002, η2>0.700). Similarly, for the NGF-group, a difference between days 

was also found for neck pain during head movement post-exercise (χ2(2)=36.273, P<0.001, 

W=0.906) with significant higher NRS scores at Day4 compared to Day0 and Day15 (Wilcoxon: 

P<0.001, η2>0.742) and at Day 15 compared to Day0 (Wilcoxon: P=0.034, η2=0.32). No within-

group difference was observed when comparing pre- and post-exercise pain NRS scores for the two 

groups. The NGF-group displayed higher pain NRS scores compared to the control-group on Day2, 

Day4 and Day15 at both pre- and post-exercise (Mann-Whitney: P<0.03, η2>0.09).  
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For the perceived area of pre-exercise pain (Table 2; Fig. 3) the Friedman’s ANOVA indicated a 

difference over days for the NGF-group (χ
2(3) = 49.281, P<0.001, W=0.821) with the post-hoc test 

revealing larger areas of pain on Day2 and Day4 compared to Day0 and Day15 (Wilcoxon: 

P<0.001, η2>0.730). Similarly, for the post-exercise pain assessment (χ2(2) = 31.433, P<0.001, 

W=0.785) larger pain areas were seen for the NGF-group on Day4 compared to Day0 and Day15 

(Wilcoxon: P<0.006, η2>0.480) while no differences were found when comparing areas of 

perceived pain pre- and post-exercise. Between-group differences were observed with the NGF-

group displaying larger areas of pre-exercise pain on Day2, Day4 and Day15, as well as post-

exercise on Day4 and Day15 (Mann-Whitney: P<0.03, η2>0.066).  

A difference over days was indicated for the NDI in the NGF-group by the Friedman’s ANOVA 

(χ2(3)=44.103, P<0.001, W=0.735) with the post-hoc test showing higher scores at Day2 and Day4 

compared to Day0 and Day15 (Wilcoxon: P<0.002, η2>0.658) and the Mann-Whitney U test 

confirmed that these days were also higher compared to the control-group (Table 1; P<0.001, 

η2>0.557). On Day2, the words chosen from the MPQ by >25% of the NGF-group were 

“Annoying” (65%), “Sore” (45%), “tiring” (35%) and “tight” (35%). On Day4, the words chosen by 

>25% of the NGF-group were “Annoying” (70%), “Sore” (55%), “pressing” (40%), “hot” (30%), 

and “tight” (30%). For the control-group no words were chosen by >25% on any day. 

 

Pressure pain sensitivity at baseline 

No significant baseline (Day0) group difference in PPTs was found for any site (Table 3). For all 

sites a main effect of time was observed (Neck: F(1,38)=52.7, P<0.001, η2
P=0.581, 95%CI [-26.7, -

15.1]; Head: F(1,38)=21.0, P<0.001, η2
P=0.357, 95%CI [-36.6, -14.2]; Leg: F(1,38)=8.1, P<0.007, 

η2
P=0.177, 95%CI [-51.2, -8.8]) with post-exercise PPT being significantly higher than pre-values. 

In addition, the analysis revealed a side difference for the neck and leg sites (Neck: F(1,38)=7.0, 
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P<0.012, η2
P=0.157, 95%CI [-18.7, -2.5]; Leg: F(1,38)=4.6, P<0.039, η2

P=0.108, 95%CI [1.3, 

45.2]) with the right side compared to the left having lower PPTs at the neck while the opposite was 

true for the leg. No side-by-time interactions were observed for any site.  

 

Pre-exercise pressure pain sensitivity 

For normalised PPTs at the neck site, the RM-ANOVA showed a Group*Time*Side interaction 

(Fig. 4; F(2,76)=14.0, P<0.001, η2
P=0.270). Post-hoc pairwise comparisons revealed reduced PPTs 

for the NGF-group compared to the control-group at Day2 on both sides (Right: 95%CI [26.0, 

54.0], P<0.001, d=0.914; Left: 95%CI [6.8, 26.9], P=0.002, d=0.538), Day4 (Right: 95%CI [40.5, 

67.9], P<0.001, d=1.268; Left: 95%CI [6.9, 28.2], P=0.002, d=0.527) and Day15 (Right: 95%CI 

[5.6, 37.2], P=0.009, d=0.433; Left: 95%CI [6.9, 34.8], P=0.005, d=0.477). Furthermore, the NGF-

group displayed reduced PPTs on the right side on Day4 compared to Day2 (95%CI [-28.5, -4.6], 

P=0.004, d=0.776) and Day15 (95%CI [-52.0, -26.5], P<0.001, d=1.722) as well as on Day2 

compared to Day15 (95%CI [-35.1, -10.4], P<0.001, d=1.029). Moreover, the NGF-group displayed 

reduced PPTs on the right side compared to the left side on Day2 (95%CI [-32.6, -15.4], P<0.001, 

d=1.260) and Day4 (95%CI [-46.9, -27.5], P<0.001, d=1.737).   

For normalised PPTs at the head site, a significant Group*Time interaction was found 

(F(2,76)=4.58, P=0.013, η2
P=0.108). The post-hoc comparison showed that the NGF-group 

displayed reduced PPT values compared to the control-group on Day2 (95%CI [-21.0, -3.3], 

P=0.009, d=0.440) and Day4 (95%CI [-27.4, -8.5], P<0.001, d=0.608). In addition, the NGF-group 

had lower PPTs on Day4 compared to Day2 (95%CI [-16.1, -0.2], P=0.042, d=0.577) and Day15 

(95%CI [-17.9, -2.5], P=0.006, d=0.738).  

For the leg site, a main group effect was seen with the NGF-group overall displaying reduced PPTs 

compared to the control-group (F(1,38)=5.49, P=0.024, η2
P=0.126, 95%CI [-21.2, -1.5]). 
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Additionally, a Side*Time (F(2,76)=5.71, P=.005, η2
P=.131) interaction was found. On Day2, 

lower values were found for the PPTs on the right compared to the left side (P=0.015, 95%CI [-

11.8, -1.3], d=0.401). Furthermore, right sided PPTs were higher on Day15 compared to Day2 

(P=0.027, 95%CI [0.8, 17.0], d=0.435) and Day4 (P=0.009, 95%CI [1.9, 16.1], d=0.503), while left 

sided PPTs were lower on Day4 compared to Day2 (P=0.003, 95%CI [-16.3, -2.8], d=0.562) and 

Day15 (P=0.001, 95%CI [-21.6, -5.3], d=0.652).  

 

Exercise-induced hypoalgesia 

No significant within or between groups difference was observed for the number of completed 

minutes during hand-bike exercise, with the overall number of minutes being 7.0 [5.0-10.0] for the 

NGF group and 6.5 [5.0-8.0] for the control group.  

For the neck sites (Fig. 5), the EIH analysis revealed a group effect showing a smaller EIH-effect 

for the NGF-group compared to the control-group (F(1,38)=22.1, P<0.001, η2
P=0.367, 95%CI [–

34.5, -13.7]).  

For the head site, a Group*Time interaction was found (F(2,76)=5.9, P=0.004, η2
P=0.135). The post 

hoc comparison showed that the NGF-group displayed a lower EIH-effect compared to the control-

group at Day4 (95%CI [-61.4, -22.9], P<0.001, d=0.728) and Day15 (95%CI [-54.3, -7.6], P=0.011, 

d=0.425). In addition, the control-group displayed an increased EIH-effect at Day4 compared to 

Day0 (95%CI [9.6, 49.2], P=0.002, d=0.831). 

For the leg site, a Group*Time interaction was seen (F(2,76)=7.1, P=0.001, η2
P=0.158). The NGF 

group had a lower EIH-effect compared to the control group at Day4 (P<0.001, 95%CI [-154.7, -

72.4], d=0.883) and Day15 (P<0.001, 95%CI [-122.7, -34.4], d=0.569). In addition, at Day4 
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(P=0.014, 95%CI [11.6, 126.4], d=0.673) and Day15 (P=0.045, 95%CI [0.8, 103.8], d=0.569), an 

increased EIH was observed for the control-group compared to Day0.  

 

 

DISCUSSION  

This study demonstrated that intramuscular NGF-injections into healthy pain-free participants 

induced neck pain lasting for days and diminished EIH-response compared to a control-group. The 

NGF-group reported larger areas of pain, higher pain intensity and displayed local and widespread 

hypersensitivity to pressure compared to the control-group without neck pain. 

 

Prolonged pain and disability  

Neck pain intensity during head movements and area of perceived pain in the current study was 

comparable to previous findings for clinical neck pain [12;44]. Surprisingly, unlike previous 

observations based on clinical neck pain, this study did not find increased pain intensity or area of 

perceived pain following exercise. This discrepancy between clinical populations [12], where pain 

may arise from several cervical structures [8;14] and the current NGF-model, could be due to the 

model itself. NGF-Injections increase mechanical sensitivity which in turn can cause pain during 

muscle-contraction [6]. However, the injected muscle, splenius capitis, in the current study, was not 

directly involved in the exercise, which could explain why perceived pain did not change. An 

alternative explanation for the lack of increased intensity or area of pain following exercise could be 

that the NGF-model did not sufficiently sensitize central mechanisms. Another factor to consider is 

how pain develops over time [21] where the current model resembles acute-subacute pain, which 

may not be comparable to persistent neck pain. However, when considering some of the words most 

chosen by the participants to describe their experienced pain in the current study, such as 
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“annoying”, “tiring” or “nagging”, these represent evaluative and affective aspects of pain [34] 

which are believed to be increasingly present in persistent pain compared to more acute conditions 

[38]. This is supported by previous studies where words describing affective aspects were 

commonly reported by those with persistent neck pain [12;27] compared with healthy populations 

experiencing a short-lasting experimental neck pain [11;19].  

Taken together, the pain intensity, area of perceived pain and the words chosen to describe pain, the 

current NGF-model may be suitable for mimicking the early phases of neck pain. This is supported 

by the NDI ratings, where the NGF-group had a median score of 10% on Day2 and Day4, which 

would be interpreted as mild disability [48;60]. 

 

Local and widespread hyperalgesia 

This study found decreased PPTs locally over the neck site, ipsilateral to the injection, which was 

most pronounced on days with the highest pain intensity and could be considered a clinically 

meaningful reduction [62;63]. Furthermore, PPTs approximated baseline values at Day15. 

However, this was expected as NGF-injections increase mechanical sensitivity for days before 

normalising again, as observed in previous NGF-studies [6;42;53]. This reduced PPT at the 

ipsilateral neck site for the NGF-group compared to the control-group is in line with findings in 

both idiopathic and traumatic neck pain when compared to healthy controls [12;44]. Such findings 

could indicate that the current NGF-model may mimic early phases of neck pain. In contrast, a 

previous short-lasting experimental neck pain model, using intramuscular injection of hypertonic 

saline, showed the opposite effect, namely a decreased mechanical sensitivity immediately after 

injection, which is considered a sign of a healthy inhibitory response [11;13]. Compared to neck 

pain following eccentric exercise, which caused approximately 15% reduction in PPTs after two 
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days [1], the current NGF-model caused a 34% reduction in PPTs on the right neck site after two 

days and a 50% reduction on Day4, indicating it may be a more potent model. 

In this study NGF was only injected in the right splenius capitis muscle, but still hyperalgesia was 

observed on the left side, indicating the potential presence of facilitated central pain mechanisms. 

This is also supported by the findings of decreased PPTs on the side of the head on Day2 and Day4 

as well as the general reduced PPT on the leg site for the NGF-group when compared to the control-

group. These novel findings, of local and widespread hypersensitivity, are not commonly found in 

studies using intramuscular NGF-injections [6;15;42;53]. The difference between previous findings 

of locally decreased PPTs and the current study showing widespread changes could be due to the 

injection site. Previous NGF-studies have targeted muscles in either arm-, leg- or jaw-muscles 

[2;6;15;42;53] where it may have been easier to reduce or avoid the use of the affected muscle. In 

comparison, the splenius capitis muscle is highly involved in rotating and extending the neck 

[5;54], which may be difficult to avoid during normal daily life and thereby increasing the 

frequency of nociceptive input to the nervous system. This in turn could lead to facilitated central 

pain mechanisms and widespread pressure hypersensitivity as observed for the NGF-group 

compared to the control-group. Despite the current study used healthy young participants, which 

could limit the clinical translatability of the results, the findings are in line with findings from 

clinical populations with persistent neck pain [12;49;50;64] and may reflect the changes in pain 

sensitivity potentially involved in the initial phases of persistent neck pain. 

Side differences in PPT data, were observed for the neck and leg site at Day0 and the normalized 

data for the leg site on Day2. These side differences were unrelated to group allocation and while 

they could be related to the side of dominance, the cause remains unclear.  

 

Exercise-induced hypoalgesia 
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The hand-bike exercise induced a significant EIH-response for all sites at Day0 and the magnitude 

of this changed within and between groups over days. Although still debated, the underlying 

mechanism behind EIH has been suggested to be closely related to endogenous pain modulation, 

which is typically known to be impaired in persistent painful conditions [39;57]. An impaired pain 

modulation also seems to be the case for neck pain of both idiopathic and traumatic origin 

compared to a healthy and pain-free population [12;59;64]. This study generally found lower EIH at 

all sites when comparing the NGF-group to the control-group, which is in line with studies showing 

decreased EIH for those in pain compared to healthy participants [12;39;46;57]. Although the NGF-

group was expected to display lower EIH-response, the direction of these changes over time in the 

current study is contrasting. It was hypothesized that the NGF-group would display decreased EIH 

after the onset of pain compared to the control-group, which is in line with the literature [39;57]. 

Although there may be a tendency for a minute EIH-reduction over time for the NGF-group, this 

does not resemble the increase seen for the control-group following Day0. One explanation for such 

EIH-differences could be that the control-group had a more efficient EIH-response and thereby 

different from those in pain, which has previously been observed in clinical populations [18;56]. 

Although unlikely due to the randomization of groups, this theory could be supported by EIH 

results from the neck site where a main effect of group was observed (Fig. 5). 

Nevertheless, this seems unlikely when considering the results from the head and leg sites where 

comparable results between groups were seen at Day0. One study has suggested that increased EIH 

at a follow-up session could be due to the initial EIH experience [55], which may explain the 

increase in EIH seen for the control-group. In contrast, a similar EIH-response as seen in the 

control-group, may have been inhibited for group receiving the NGF-injections at the end of Day0 

and Day2. Interestingly, Vaegter et al. [58] suggested that neutral or positive pre-exercise 

expectations regarding the responses may facilitate EIH, whereas negative expectations may cause 
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reduced EIH or even a hyperalgesic response. In this study, both groups knew that they would 

receive either saline- or NGF-injections. If the control-group had a positive EIH experience on 

Day0 and then realized their group allocation following the injections, they would not expect any 

further pain during the study, which could potentially facilitate positive expectations and EIH-

responses. In the NGF-group, the experience of pain could have reduced or reverted the EIH-

responses [55;58]. Based on this, clinicians working with pain patients may play a vital role in 

regards to facilitating positive pre-exercise expectations [58], to optimize the initial experience of 

EIH. Especially when considering, that an initial positive experience, may influence EIH-responses 

in later sessions [55].  

 

Limitations 

When considering the EIH-response in the current study, it is difficult to interpret the clinical 

relevance as no changes over time were found for the group experiencing pain. Similarly, any 

potential influence of expectation on the results is speculative in the current study, as this was not 

assessed. However, expectations in combination with facilitated central pain processing could 

explain some of the mechanisms at play in the early phase of clinical neck pain.  

 

Conclusion 

This study is the first to show that repeated NGF-injections into a neck muscle can cause neck pain 

lasting for days and widespread hyperalgesia to pressure similar to what is seen in clinical neck 

pain. Additionally, this study indicates that neck pain lasting for days in a group of otherwise 

healthy participants can have a negative impact on the magnitude of a hypoalgesic response to 

exercise, as seen in those without pain. Different expectations could possibly explain the 

differentiated EIH-responses in those with and without pain as a result of pain.  
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FIGURE LEGENDS 

Figure 1: Flow-chart showing the inclusion and exclusion of participants for the study 

 

Figure 2: Study overview. Each session started with participants answering the NDI and recording 

any potential pain (NRS, body chart & MPQ) before PPTs were assessed. On Day0, Day4 and 

Day15, before participants completed a hand-bike exercise, PPT and pain experience were recorded 

once more. On Day2, the hand-bike exercise was not performed. On Day0 and Day2, participants 

received injections of NGF or isotonic saline.  

 

Figure 3: Superimposed pre-exercise body chart drawings (posterior and right/injection side) for all 

test days (Day0, Day2, Day4 and Day15) and groups (NGF, Control). Darker markings indicate that 

these were more frequently chosen areas.  

 

Figure 4: Mean (+SEM, N=40) normalised pressure pain thresholds (PPTs) for the NGF (n=20, 

solid bars) and the control (n=20, grey bars) groups at the neck, head and leg sites bilaterally (right, 

left) on Day2, Day4 and Day15. Significantly different compared to the control-group (*, P<0.03). 
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Significantly different compared to other days (#, P<0.05). Significantly different between sides 

(¤,P<0.02).  

 

 

Figure 5: Mean (+SEM, N=40) exercise-induced hypoalgesia (EIH) effects (pre-exercise PPT 

subtracted from post-exercise PPT) for the NGF (n=20, solid bars) and the control (n=20, grey bars) 

groups at the neck, head and leg on Day0, Day4 and Day15. Significant difference compared to the 

NGF-group (*, P<0.02). Significant difference compared to Day0 (§, P<0.05).  
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Table 1:  Median and interquartile range (25th and 75th percentile) for Age, Height, Weight, Hours 

of sleep (all days) and NDI (all days). The NDI was expressed as a percentage of scored items. 

Significantly different from the control-group (*, P<0.001).  

 NGF-group Control-group 

Age (years) 26.5 [23.0-28.0] 26.0 [23.8-28.0] 

Height (cm) 175.0 [168.0-183.3] 172.5 [167.3-179.5] 

Weight (kg) 72.0 [60.3-85.0] 69.5 [64.0-78.3] 

Sleep (Hr):    

Day0 7.5 [7.0-8.0] 7.3 [6.8-8.0] 

Day2 7.0 [6.9-8.0] 7.3 [6.9-8.0] 

Day4 7.0 [6.0-7.6] 7.0 [6.4-7.1] 

Day15 7.0 [6.5-8.0] 7.0 [6.4-7.6] 

NDI:    

Day0 2.0 [0.0-2.5] 0.0 [0.0-2.1] 

Day2 10.0 [5.8-14.5]* 0.0 [0.0-2.0] 

Day4 10.0 [5.5-14.9]* 0.0 [0.0-0.5] 

Day15 1.0 [0.0-2.9] 0.0 [0.0-2.0] 
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Table 2:  Median (interquartile range: 25th and 75th percentile) pain scores using a numerical 

rating scale (NRS; 0 = no pain, 10 = worst imaginable pain) and area of perceived pain (a.u.) for 

both groups (NGF, Control) pre- and post-exercise on all days. Significant within-group difference 

compared to Day0 and Day15 (
§
, P<0.02) and to the control-group (*, P<0.005)   

 NGF-group  Control-group  

NRS score:   

Day0 (pre-exercise) 0.0 [0.0-0.0]  0.0 [0.0-0.0] 

Day0 (post-exercise) 0.0 [0.0-0.0] 0.0 [0.0-0.0] 

Day2 3.0 [2.0-4.0]
 §

* 0.0 [0.0-0.0] 

Day4 (pre-exercise) 3.0 [2.0-4.0]
 §

* 0.0 [0.0-0.0] 

Day4 (post-exercise) 3.0 [2.0-4.0]
 §

* 0.0 [0.0-0.0] 

Day15 (pre-exercise) 0.0 [0.0-1.0] * 0.0 [0.0-0.0] 

Day15 (post-exercise) 0.0 [0.0-1.0] 
§
* 0.0 [0.0-0.0] 

Area of perceived pain:    

Day0 (pre-exercise) 0.0 [0.0-0.0] 0.0 [0.0-0.0] 

Day0 (post-exercise) 0.0 [0.0-0.0] 0.0 [0.0-0.0] 

Day2 26.0 [12.5-52.0]
 §

* 0.0 [0.0-0.0] 

Day4 (pre-exercise) 28.5 [9.0-50.5]
 §

* 0.0 [0.0-0.0] 

Day4 (post-exercise) 16.0 [8.25-38.0]
 §

* 0.0 [0.0-0.0] 

Day15 (pre-exercise) 0.0 [0.0-7.75]* 0.0 [0.0-0.0] 

Day15 (post-exercise) 0.0 [0.0-6.75]* 0.0 [0.0-0.0] 
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Table 3:  Mean (kPa ±SEM, N=40) pressure pain thresholds (PPT) values for the NGF (n=20) and the 

control (n=20) groups at the neck, head and leg sites bilaterally (right, left) pre- and post-exercise. 

Significant main effect of time (
‡
, P<0.007). Significant main effect of side (

¤
, P<0.039).  

 NGF-group Control-group 

 Pre Post Pre Post 

Neck (Right) 166.0 ± 12.7
‡¤

 184.9 ± 15.0 217.0 ± 23.0
‡¤

 237.1 ± 20.4 

Neck (Left) 182.7 ± 14.7
‡
 194.0 ± 15.8 218.7 ± 19.1

‡
 251.9 ± 22.2 

Head (Right) 251.0 ± 15.4
‡
 280.9 ± 17.2 310.0 ± 24.9

‡
 331.2 ± 26.5 

Head (Left) 262.4 ± 19.7
‡
 283.8 ± 18.8 316.8 ± 30.0

‡
 345.8 ± 28.9 

Leg (Right) 533.7 ± 61.5
‡¤

 561.5 ± 65.9 611.0 ± 46.0
‡¤

 639.3 ± 52.3 

Leg (Left) 495.0 ± 52.1
‡
 526.7 ± 58.9 599.3 ± 42.7

‡
 631.5 ± 52.2 
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143 reported interest in 
participating in the study

After receiving study info 
41 did not report back and 
4 withdrew their interest 

in the study

47 healthy participants 
were enrolled in the study

40 full data sets were 
available for analysis. 

51 were excluded before starting the 1st session
Unable to attend all sessions: 16

Got sick on the day of 1st session: 4
Neck pain: 12 
Back pain: 3

Shoulder pain: 1
Knee pain: 1

Broken arm: 1
Pregnant: 2

Left handed: 1
Recently participated in other pain study: 2
Neurological or psychological condition: 8

7 were excluded/dropped out during the study
1 developed sore bruises over PPT sites 

1 developed severe DOMS (pain when lifting arms) after starting 
strength training between two sessions 
1 never showed up for the 2nd session

2 withdrew from the study between sessions
2 withdrew during session 1
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Pain experience & PPT
pre- and post exercise

Questionnaires

NGF or Isotonic saline

Pain experience & PPT
pre- and post exercise

Questionnaires

Pain experience & PPT
pre- and post exercise

Questionnaires

Pain experience & PPT

NGF or Isotonic saline
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