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Experimental  knee  pain  leads  to hyperalgesia  in  the  knee  and  surrounding  muscles.
Facilitated  temporal  summation  was  observed  in  the  knee  and  surrounding  muscles.
Experimental  pain  in  OA  patients  are  similar  to responses  seen  in  healthy  subjects.
The  dynamics  of the nociceptive  system  in  individuals  with  knee  OA  pain  is  intact.
Findings  relevant  for  understanding  pain  mechanisms  in  chronic  knee  OA pain.

 r  t i  c  l  e  i  n  f  o

rticle history:
eceived 8 July 2014
eceived in revised form 3 November 2014
ccepted 6 November 2014
vailable online 26 November 2014

eywords:
nee osteoarthritis pain
yperalgesia
emporal summation
xperimental fat pad pain

a  b  s  t  r  a  c  t

Background and aims: Despite the high prevalence of knee osteoarthritis (OA) it remains one of the most frequent
knee disorders without a cure. Pain and disability are prominent clinical features of knee OA. Knee OA pain is typically
localized but can also be referred to the thigh or lower leg. Widespread hyperalgesia has been found in knee OA patients.
In  addition, patients with hyperalgesia in the OA knee joint show increased pain summation scores upon repetitive
stimulation of the OA knee suggesting the involvement of facilitated central mechanisms in knee OA. The dynamics
of  the pain system (i.e., the adaptive responses to pain) has been widely studied, but mainly from experiments on
healthy subjects, whereas less is known about the dynamics of the pain system in chronic pain patients, where the
pain system has been activated for a long time. The aim of this study was to assess the dynamics of the nociceptive
system quantitatively in knee osteoarthritis (OA) patients before and after induction of experimental knee pain.
Methods: Ten knee osteoarthritis (OA) patients participated in this randomized crossover trial. Each subject was
tested on two days separated by 1 week. The most affected knee was  exposed to experimental pain or control, in a
randomized sequence, by injection of hypertonic saline into the infrapatellar fat pad and a control injection of isotonic
saline. Pain areas were assessed by drawings on anatomical maps. Pressure pain thresholds (PPT) at the knee, thigh,
lower leg, and arm were assessed before, during, and after the experimental pain and control conditions. Likewise,
temporal summation of pressure pain on the knee, thigh and lower leg muscles was assessed.
Results: Experimental knee pain decreased the PPTs at the knee (P < 0.01) and facilitated the temporal summation on
the  knee and adjacent muscles (P < 0.05). No significant difference was found at the control site (the contralateral arm)
(P  = 0.77). Further, the experimental knee pain revealed overall higher VAS scores (facilitated temporal summation of
pain) at the knee (P < 0.003) and adjacent muscles (P < 0.0001) compared with the control condition. The experimental

knee pain areas were larger compared with the OA knee pain areas before the injection.
Conclusions: Acute experimental knee pain induced in patients with knee OA caused hyperalgesia and facilitated

temporal summation of pain at the knee and surrounding muscles, illustrating that the pain system in individuals

with knee OA can be affected even
the  pain system is intact in patients
pain  syndromes.
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 after many years of nociceptive input. This study indicates that the adaptability in
 with knee OA, which opens for opportunities to prevent development of centralized
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. Introduction

Knee osteoarthritis (OA) is a common chronic disease, with pain,
isability, and structural degeneration as clinical hallmarks [1,2].
nee OA pain is typically localized but can also be referred to the

high or lower leg. Localized pain sensitivity is associated with
lterations in the peripheral pain processing, whereas widespread
ain sensitivity is associated with dysfunction in the central pain
rocessing [3]. Widespread hyperalgesia has been found in knee OA
atients [3–6]. Suggested mechanisms for widespread hyperalgesia

nclude hyperexcitability of dorsal horn neurons due to extensive
oxious input from the joint resulting in enhanced responses and

ower excitation threshold in high-threshold neurons [2,7,8]. Fur-
hermore, the neurons begin to show increased responses to stimuli
pplied to regions adjacent to and remote from the joint, and
he total receptive field can be enlarged [2,7,8]. Other features of
acilitated central mechanisms (widespread hyperalgesia), where
he central integrative mechanisms is up-regulated [8], include
ncreased temporal and spatial summation of pain [9]. Patients with
yperalgesia in the OA knee joint show increased pain summa-
ion scores upon repetitive stimulation of the OA knee [10] and
ibialis anterior muscle compared with controls [4] suggesting the
nvolvement of facilitated central mechanisms in knee OA [11].

Interestingly, experimental knee pain in healthy subjects leads
o similar widespread hyperalgesia and facilitated temporal sum-

ation [12]. In knee OA patients, total knee replacement reduces
he knee hyperalgesia and sensitization phenomena [13], which
ndicate that pain elicited from intra-articular structures is involved
n generation and maintenance of both local and widespread hyper-
lgesia.

The dynamics of the pain system (i.e., the adaptive responses
o pain) has been widely studied, but mainly from experiments
n healthy subjects, whereas less is known about the dynamics
f the pain system in chronic pain patients, where the pain sys-
em has been activated for a long time. Knee OA is associated with
ncreased pain sensitivity, but it is unknown whether the pain
ystem in a chronic pain population behaves similarly to experi-
entally induced knee pain as healthy subjects. In healthy subjects

xperimental knee pain demonstrated hyperalgesia and facilitated
emporal summation in the knee and in muscles located distant
o the injection site [12]. The purpose of this study was to assess
he dynamics of the nociceptive system in a chronic pain popu-
ation. Peripheral and central pain sensitizations mechanisms in
nee OA patients were assessed after induction of experimen-
al knee pain. It was hypothesized that localized and widespread
yperalgesia together with the degree of temporal summation of
ressure pain will be facilitated when inducing experimental knee
ain in patients with knee OA.

. Materials and methods

.1. Participants

This study included participants with knee OA diagnosed
ccording with the ACR criteria [14], average daily knee pain over
he last week (peak pain > 3 rated on a verbal rating scale 0–10),
nd radiographic evidence of knee OA on a standard anterior-
osterior weight-bearing radiogram. Exclusion criteria included
olyneuropathy, total hip and knee replacements, low back pain,
orticosteroid injections in the previous 3 months, and nerve root
ompression syndromes. Furthermore, the patients were requested

o withhold any analgesics 24 h before the test days. A total of 64
nee OA patients were screened for the study, of which 10 consec-
tive patients agreed to participate. Of the 64 screened patients, 25
ere eligible for study participation, yet only 10 patients accepted
urnal of Pain 6 (2015) 43–49

the invitation to participate. The main reason for declining par-
ticipation was concerns about the experimental pain. There were
no statistical difference between those who participated and those
who declined with respect to person characteristics.

All participants were given oral and written information and
written informed consent was obtained from each participant prior
to inclusion in the study. The study was approved by the local
ethics committee (HC-2007-0053) and conducted in accordance
with the Declaration of Helsinki. The Knee Injury and Osteoarthri-
tis Outcome Score (KOOS) questionnaire was applied at the initial
visit. KOOS is a disease-specific, self-administered health-status
measure, which assesses five indicators: Pain, Symptoms, Func-
tion, Sport and recreation function, and Knee-related quality of life.
Standardized answer options are given (5 Likert boxes) and each
question was  scored from 0 to 4. A normalized score (100 indicat-
ing best condition and 0 indicating worst condition) was calculated
for each subscale [15].

2.2. Protocol

The study was  designed as a randomized crossover trial, with
each subject tested on two days separated by 1 week. The study
was designed to assess differences in the changes in pain sensi-
tivity after an injection with hypertonic saline as compared to an
injection of isotonic saline. Pain was  induced in the infrapatellar fat
pad by injection of hypertonic saline on one test day, with isotonic
saline as control on the other test day (sequence randomized). Pain
intensity, pressure pain thresholds (PPTs), temporal summation of
pressure pain, and pain distributions were assessed on three occa-
sions: before, during experimental pain/control injections (after
approx. 30–60 s including a period with moderate pain), and when
pain had vanished (after; approximately 20 min after latest mea-
surement).

PPTs were assessed on the knee, thigh, lower leg, and arm. Fur-
thermore, temporal summation of pressure pain was assessed on
the same sites except for the arm. Manual and computer controlled
pressure algometry were used [12,16].

2.3. Experimental knee pain

Experimental pain was  induced by bolus injections of 1 ml
hypertonic saline (5.8%) into the infrapatellar fat pad and isotonic
saline (1 ml,  0.9%) was used in the control session [12,17,18]. The
injections were ultrasound guided. The participants rated the pain
intensity verbally every 30 s on an NRS with 0 representing ‘no
pain’, and 10 representing ‘maximal pain’. The maximal NRS score
were extracted. After the experimental pain had vanished the par-
ticipants were asked to mark the experimentally evoked pain areas
on an anatomical map.

2.4. Manual pressure algometry

A hand-held pressure algometer (Algometer Type II, Somedic
AB, Sweden) was  used to assess manual pressure pain thresholds
(PPT). The pressure was applied with a 1 cm2 probe and at a rate
of approximately 30 kPa/s ensured by visual feedback from the
algometer to the assessor. Participants were instructed to push a
button when they felt that the pressure was just barely painful.
PPT was measured twice at each visit and each trial. Both measure-
ments were used in the statistical analysis. An interval of minimum
20 s was  kept between each PPT assessment.

PPT was recorded from 8 sites around the injected knee (Fig. 1),

two sites outside the knee and one contralateral control site. The
eight sites on the knee were located in relation to bony landmarks.
Site 1: 2 cm distal to the inferior medial edge of patella (saline injec-
tion site). Site 2: 2 cm distal to the inferior lateral edge of patella.
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ing main effects. In case of significant interactions post hoc tests
were used to explore the pair-wise differences comparing saline
solutions before, during and after injection. The analysis of tempo-
ral summation used the same repeated measures mixed model and
Fig. 1. The eight assessment sites around the injected knee.

ite 3: 3 cm lateral to the midpoint on the lateral edge of patella;
ite 4: 2 cm proximal to the superior lateral edge of patella. Site 5:

 cm proximal to the superior edge of patella. Site 6: 2 cm proximal
o the superior medial edge of patella. Site 7: 3 cm medial to the

idpoint on the medial edge of patella; site 8: at centre of patella.
wo additional sites were located outside the knee on the vastus
ateralis muscle (7 cm from the lateral upper rim of patella) and
n the tibialis anterior muscle (10 cm below tibial tuberosity). The
ontralateral m.  extensor carpi radialis longus, 5 cm distal to lateral
picondyle of the humerus, was used as a control site.

.5. Temporal summation of pressure pain measured

A computer-controlled pressure algometer (Aalborg Univer-
ity, Denmark) was used for measuring computer-controlled PPT
nd temporal summation of pressure pain at three sites (site 1
n the knee, m.  vastus lateralis, and m.  tibialis anterior). The
omputer-controlled pressure algometer applied the mechanical
timuli perpendicular to the skin surface [19]. A circular aluminium
robe with a padded contact surface of 1 cm2 was fixed to the
ip of a piston. The pressure stimulation was feedback controlled
ia recordings of the actual force. The computer controlled pres-
ure stimulus, with an ascending pressure gradient of 60 kPa/s, was
pplied continuously until the subject reported pain by pressing

 button. This pressure intensity was defined as the computer-
ontrolled PPT which was recorded three times for each assessment
ite.

Temporal summation of pain was assessed based on a method-
logy frequently used for temporal summation of pressure-induced
ain [4,8,9,19–25]. It allows for the measurement of stimulus –
esponse functions that relate the pressure intensity with the

ain response [19,21]. In response to a sequence of somatosen-
ory stimuli with the same intensity, the progressive increase in
ain perception is defined as the temporal summation of pain,
hich mimics the initial phase of the wind-up process [8,22]. The
urnal of Pain 6 (2015) 43–49 45

appropriate conditions for the assessment of temporal summation
are sufficiently short intervals between repeated stimuli of con-
stant strength (such as 10 stimuli at 1 s inter-stimulus intervals)
[4,20,22,23].

In the present study temporal summation of pain was  assessed
by sequential stimulation consisting of 10 pressure stimuli (1 s
duration and 1 s interval) at the PPT level. The intensity of sequen-
tial stimulation was the average of the three computer-controlled
PPT as described above.

For each site the model was  repeated twice. The sequential stim-
ulation was  applied randomly to the three assessment sites with
a 1-min interval in-between. Skin contact between the repeated
pressure stimuli was ensured by keeping a constant force of 10 kPa,
which does not evoke pain. The participants rated the pain inten-
sity continuously during the sequential stimulation on an electronic
visual analogue scale (VAS) where 0 cm and 10 cm were anchored
to ‘no pain’ and ‘maximal pain’, respectively. The VAS signal was
sampled by a computer at 200 Hz. VAS scores were extracted imme-
diately after the individual stimulations (i.e. 10 VAS scores were
analyzed after sequential stimulation). The VAS scores were nor-
malized to the first stimulus VAS score by subtraction.

2.6. Statistics

This study was  designed to assess differences in pain sensitivity
in patients with knee OA after an injection of hypertonic saline as
compared to an injection of isotonic saline. The data are presented
as mean, standard deviation (SD), standard error of the mean (SEM)
and 95% confidence intervals (95% CI). For each variable a longitudi-
nal data model was applied to assess multiple repeated-measures
on the same subject using the MIXED procedure of the SAS® system
with random effect for subject (random intercept model). The anal-
yses focused on the fixed effects analyses, analysing whether there
were Sequence × Saline interactions (Sequence: Before, During,
After injection; Saline: Hypertonic, Isotonic) and the correspond-
Fig. 2. Pain intensity of saline-induced pain demonstrated as mean NRS scores
(±SEM; N = 10, during pain after hypertonic saline N = 9). VAS scores are presented
as  baseline (before), during and after injection of hypertonic (filled circles) and iso-
tonic saline (open circles). *NRS was significantly increased after hypertonic saline
compared with isotonic saline (P < 0.0001).
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Table  1
Participant characteristics at baseline.

Mean (SD) Minimum Maximum

Age, years 61.4 ± 5.9 51.0 71.0
Height, cm 171.4 ± 8.6 158.9 185.6
Weight, kg 87.6 ± 18.1 59.6 116.7
Body Mass Index (kg/m2) 29.5 ± 4.6 20.2 35.0
Disease duration, years 11.9 ± 7.2 1 27
Female/males 9/1
KL scores, 1–4 3 1 4
KOOS scores

Pain, 0–100 55.6 ± 13.8 33.3 75.0
Symptoms, 0–100 44.0 ± 15.5 8.3 58.3
Activity of daily living, 0–100 62.6 ± 12.1 38.2 83.8
Quality of life, 0–100 35.6 ± 14.5 12.5 56.2
Sport and recreation, 0–100 15.0 ± 12.2 0 35
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ean (±SEM, N = 10) values unless otherwise indicated. Kelgren-Lawrence (KL)
rading of radiographic osteoarthritis severity (0-4; 0 defining “no osteoarthritis”
nd 4 defining “severe osteoarthritis”).

ocused on the sequence × saline × stimulation number interaction
ith corresponding main effects. To assess for carry-over effects

he analyses were done with the randomization order added as a
ovariate. Statistical significance accepted at P < 0.05.

Despite multiple tests, no statistical adjustments were applied,
s this study is exploratory and we had no a priori assumptions on
hich or how many of the sites that would react to the experimen-

al pain, wherefore unadjusted P-values are reported.

. Results

Characteristics of the participants are summarized in Table 1.

.1. Saline-induced infrapatellar fat pad pain
Of the ten participants included, data from trials during exper-
mental pain (hypertonic saline) from one participant was not
ollected due to a vasovagal reaction to the experimental pain.
he mean peak NRS following hypertonic saline was 7.2 ± 0.7 and

ig. 3. The individual pain distribution superimposed on anatomical drawings at baseline
ypertonic saline (C, N = 9), before the control condition with injection of isotonic saline 

n  the foot are from one individual.
urnal of Pain 6 (2015) 43–49

significantly higher than the 1.9 ± 0.7 after isotonic saline (mean
difference: 5.4 95% CI 4.3–6.4; P < 0.0001) (Fig. 2). The experi-
mental pain peaked during the initial 1–2 min  and then gradually
declined. All participants did not recognize the experimental pain
after 15–20 min. The saline-induced pain was  distributed around
the knee with dominance in both the medial and lateral area of
the knee (Fig. 3B). In addition, the participants perceived expanded
areas of referred pain during the experimental pain (Fig. 3B), as
compared to distribution of OA pain before injection (Fig. 3A)
and during isotonic saline (Fig. 3C). One participant experienced
referred pain to the foot before injection of both hypertonic and
isotonic saline (Fig. 3A and C). This referred experience disappeared
after both injections (Fig. 3B and D), but the particular participant
also experienced expanded referred pain to the calf and thigh areas.
When injected with isotonic saline, the pain distribution was sim-
ilar when comparing before and after the injection (Fig. 3C and D).

3.2. Pressure pain threshold after experimental pain

There was a significant interaction between sequence and saline
(F2,86 = 3.2; P = 0.047) for the PPT at sites 1, 3, and 6 (Fig. 4). From
Fig. 4 a general tendency towards reduced PPT at all sites was
observed during the experimental pain (hypertonic saline injec-
tion), the post hoc analyses only revealed significantly lower PPT
at site 1 (2 cm distal to the inferior medial edge of patella; mean
difference: 135.2 kPa [95% CI 80.4–190.1], P < 0.0001), site 3 (3 cm
lateral to the midpoint on the lateral edge of patella; mean dif-
ference: 96.4 kPa [95% CI 52.4–140.2], P < 0.0001), and site 6 (2 cm
proximal to the superior medial edge of patella; mean difference:
135.5 kPa [95% CI 89.9–181.1], P < 0.0001) during pain after hyper-
tonic saline injections compared with isotonic saline injections. At
sites 4, 5, and 8 (Fig. 4) there were statistical tendencies (P < 0.10).
At sites 2, 7, and 9 (control site) there were no indices of sta-

tistical differences (P > 0.35). To assess if the overall PPTs were
changed by the experimental pain, the analysis were repeated in
the pooled PPTs across sites 1–8. The results showed a signifi-
cant sequence × saline interaction (F2,916 = 6.7; P = 0.0013 with a

 (A, N = 10), before hypertonic saline (B, N = 10), after experimental pain induced by
(D, N = 10), and after injection of isotonic saline (E, N = 10). *The referred pain areas
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Fig. 4. Mean PPTs (±SEM; N = 10, during pain after hypertonic saline N = 9) from
assessment sites 1–8 (see Fig. 1), assessment sites 1–8 pooled, and the contralateral
control site 9 before, during and after injection of hypertonic (filled circles) and
isotonic saline (open circles). A general tendency towards reduced PPT at all sites
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as  observed during the experimental pain (hypertonic saline injection), which
as  confirmed in the analysis of the pooled PPTs. *PPT significantly reduced during
ypertonic saline compared with isotonic saline (P < 0.001).

ignificantly lower pooled PPT during pain after hypertonic saline
njections compared with isotonic saline injections (mean differ-
nce: 98.8 kPa [95% CI 68.3–129.3], P < 0.0001). The pooled PPTs are
hown in Fig. 4.

.3. Temporal summation of pressure pain

For both hypertonic and isotonic saline injections, VAS scores
rogressively increased in response to the sequential pressure
timuli for the three assessment sites before, during and after
aline injections (stimulation number main effect, F9,1137 = 234.9,

 = 0.0001, Fig. 5).
At none of the three sites were there significant

equence × saline × stimulation number interactions. Thus,
he models were reduced focusing on the sequence × saline
nteractions. At the infrapatellar fat pad, there was a significant
equence × saline interaction (F2,1143 = 8.0; P = 0.0004). Post hoc
nalyses showed that before and during pain after injection of
ypertonic saline in the infrapatellar fat pad pressure stimuli on the

nfrapatellar fat pad evoked overall higher VAS scores compared
ith before and immediately after injections of isotonic saline

mean difference before: 0.17 cm [95% CI 0.02–0.33], P < 0.03; mean
ifference during: 0.25 cm [95% CI 0.09–0.42], P < 0.003) (Fig. 5A
nd B).

At the vastus lateralis muscle, there was  a significant
equence × saline interaction (F2,1135 = 7.6, P = 0.0006). Post hoc
nalyses showed that before and during pain after injection of
ypertonic saline in the infrapatellar fat pad pressure stimuli on the
astus lateralis muscle evoked overall higher VAS scores compared
ith before and immediately after injections of isotonic saline

mean difference before: 0.34 cm [95% CI 0.23–0.45], P < 0.0001;
ean difference during: 0.35 cm [95% CI 0.23–0.47], P < 0.0001)

Fig. 5C and D).
At the tibialis anterior muscle sequential pressure stimula-

ion resulted in VAS scores with a significant interaction between

equence and saline in the mixed linear model (F2,1145 = 14.0,

 = 0.0001). Post hoc analyses showed that during and after pain
njection of hypertonic saline in the infrapatellar fat pad, pressure
timuli on the tibialis anterior muscle evoked overall higher VAS
urnal of Pain 6 (2015) 43–49 47

scores compared with injections of isotonic saline (mean difference
during: 0.29 cm [95% CI 0.16–0.42], P < 0.0001; mean difference
after: 0.19 cm [95% CI 0.07–0.32], P < 0.003) (Fig. 5E and F).

4. Discussion

This is the first study to investigate the effect of experimental
knee pain on the dynamics of the pain system in patients with knee
OA. The novel contribution of this study is the finding that experi-
mental knee pain in patients with knee OA cause knee hyperalgesia
and facilitated temporal summation of pain, illustrating that the
pain system in individuals with knee OA can be affected even after
many years of nociceptive input.

4.1. Experimental knee pain and hyperalgesia

Hypertonic saline caused a significantly higher pain intensity
compared with isotonic saline in individuals with knee OA, which
is in line with similar experimental knee pain models in healthy
young subjects [12,17,18,26].

For the first time, this study directly compared the pain distri-
bution of OA pain and experimental knee pain in the same subject
(Fig. 3A–D). The individuals described the experimental pain areas
as being larger compared with their habitual OA knee pain and with
the control injection (isotonic saline), as well as having referred
pain to the thigh and lower leg (Fig. 3B). This is in contrast to studies
using the experimental pain model in healthy young subjects where
the experimental pain areas are smaller [4,8,12,26]. The larger areas
indicate that the patients with knee OA have facilitated referred
pain mechanisms, as suggested previously [3,8,27]. Interestingly,
one individual experienced decreased referred pain to the ankle-
medial foot after both hypertonic and isotonic saline injections, but
experienced referred pain to the thigh and calf region. This reaction
in the foot area remains unexplained.

The hyperalgesia to pressure stimulation during experimen-
tal knee pain observed in the present study (as compared with
the control injection) is in line with those observed in healthy
subjects [5,12] and in knee OA patients [3] suggesting facilitated
pain mechanisms. Importantly, the mechanically induced changes
found in the present study were confined to the knee indicating
that the experimental pain only facilitated regional hyperalgesia.
This corroborates findings from a study by Rakel et al. [5], where
hyperalgesia to pressure stimulation was observed at the affected
knee but not at distant sites. These findings is in contrast to studies
measuring PPTs in participants with advanced knee OA pain show-
ing significantly lower PPTs at the effected knee and also at distant
sites compared to controls [4,28]. The reason for this discrepancy
could be related to the severity of the pain which was  mild in the
present study (Fig. 2).

4.2. Facilitated temporal summation of pressure induced pain

The experimental knee pain facilitated the temporal summation
of pressure pain at the knee and adjacent muscles (as compared
to the control injection), which was  also observed previously in
healthy young subjects [12]. This indicates an enhanced sensitiv-
ity of the central mechanisms responsible for temporal summation
of pain. Plastic changes or central sensitization within the neural
organization of the spinal cord occur during development of joint
inflammation [7,29], which leads to facilitation of the spinal neu-
ronal processing of the afferent inputs from group III and IV afferent

fibres. This leads to increased sensitivity or reduced thresholds to
non-noxious pressure on the inflamed joint and, with some delay,
to the adjacent and non-inflamed tissue, the latter indicating that
spinal neurons expand their receptive fields [7,29]. Similar to the
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Fig. 5. Temporal summation of pain demonstrated as mean VAS scores (±SEM; N = 10, during pain after hypertonic saline N = 9) in response to sequential pressure stimulation
on  the infrapatellar fat pad (A and B), vastus lateralis muscle (C and D), and tibialis anterior muscle (E and F). VAS scores are presented as baseline (triangles), during (circles),
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nd  after injection (squares) of hypertonic (left column, filled symbols) and isoton
he  VAS score from the first stimulus (i.e. VAS scores always zero for the first stimul
aline  immediately after (during) the injection (*, P < 0.05).

hanges in hyperalgesia, the experimental pain intensities and dis-
ribution, the changes in temporal summation during experimental
ain were enhanced when compared to those previously reported

n healthy young subjects [12]. The enhanced temporal summation
ound in the present study is in line with a study by Arendt-Nielsen
howing enhanced temporal summation at the affected knee in OA
atients [4], but in contrast to a study by Rakel et al. [5] showing lack
f significant findings in mechanical induced temporal summation.
.3. Facilitation of central mechanisms

Overall, the findings in the present study suggest that experi-
entally induced pain elicit and facilitate central pain mechanisms
e (right column, open symbols). The VAS scores are normalized by subtraction to
ll conditions). Significant difference in VAS scores between hypertonic and isotonic

in similar patterns as those observed in healthy young subjects
[12]. There is growing consensus that knee OA involves low-grade
inflammation contributing to generation and maintenance of pain
[30–32]. It is well known that inflammatory joint disease leads to
both peripheral and central sensitization of the nociceptive system
[30,32] and this study supports this.

There are limitations to this study that need to be considered
when evaluating these results. First, the small sample size may
preclude detection of statistically significant associations. How-

ever, the general OA population is heterogeneous and primarily
affects women. We  believe that the heterogeneity is representative,
and despite this heterogeneity we  were able to detect signifi-
cant changes. Another limitation is the lack of an age-matched
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ontrol group, which forces us to compare to other studies that
se same methods – which unfortunately only exists on healthy
ubjects. However, these data are the first of their kind and provide
mportant stepping stones for future investigations.

. Conclusion

This study showed that acute experimental knee pain induced
n patients with knee OA leads to hyperalgesia and facilitated
emporal summation in the knee and surrounding muscles thus
onfirming previous studies on healthy subjects. Furthermore,
he present study indicates that the dynamics (i.e., the adaptive
esponses to pain) of the nociceptive system were intact in individ-
als with chronic knee OA pain as the responses to experimental
ain are similar to those previously observed from healthy subjects,
howing that the pain system in individuals with knee OA can be
ffected even after many years of nociceptive input.

. Implications

These observations are relevant for a better understanding of
ain mechanisms in chronic knee OA pain. Although knee OA is

 chronic pain condition associated with increased pain sensitiv-
ty, this study indicate that the adaptability in the pain system is
ntact, which opens for opportunities to prevent development of
entralized pain syndromes.
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