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Dynamic mechanical assessment of muscle 
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Musculoskeletal pain is often associated with scattered distribution 
of tenderness or mechanical hyperalgesia (eg, myofascial trigger 

points [1]). Generally, pressure hyperalgesia has been observed in 
many different patient populations (eg, whiplash, fibromyalgia and 
osteoarthritis [2-4]). Localized experimentally induced muscle hyperal-
gesia in healthy subjects can be generated by injections of algesic sub-
stances (5) and after eccentric exercise inducing delayed-onset muscle 
soreness (DOMS) (6-8). 

The most common tool to assess mechanical hyperalgesia is 
pressure algometry. A pressure algometer is a force gauge with a 
well-defined probe area in which the pressure needed to evoke pain 
can be recorded. Pressure algometry has been used for assessing mus-
culoskeletal hyperalgesia in myofascial pain syndrome, tension-type 
headache, fibromyalgia and arthritis (9-12), enables the variability 
related to manual pressure application to be controlled (13), and has 

proven to be a valid and reproducible method (14-17). However, 
pressure algometry is applied to a localized area and requires many 
measurements to map sensitivity along a muscle (6) and eventually 
construct a pressure sensitivity map (18), which is an appropriate pain 
assessment in multiple clinical conditions. For example, with regard to 
neuropathic pain, it is well known that dynamic stroking of the skin 
(eg, by a brush with a given force applied at a given velocity over a 
distance on the skin [19,20]) is a way to provoke pain (allodynia) that 
cannot be assessed by a static stimulus applied to one fixed position. 
Furthermore, a recent study showed that persistent and constant pain 
can be caused by the rolling of a 1.75 kg custom-designed marble roll 
on the lower leg due to the slow adaptation properties of sensitized 
nociceptors (21). This study confirms the necessity to develop new 
tools for more dynamic musculoskeletal pain assessments that provide 
additional high-resolution temporal and spatial information about the 
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Background: Musculoskeletal pain is often associated with a nonho-
mogeneous distribution of mechanical hyperalgesia. Consequently, new 
methods able to detect this distribution are needed.
Objective: To develop and test a new method for assessing muscle 
hyperalgesia with high temporal and spatial resolution that provides com-
plementary information compared with information obtained by tradi-
tional static pressure algometry.
Methods: The dynamic pressure algometer was tested bilaterally on 
the tibialis anterior muscle in 15 healthy subjects and compared with 
static pressure algometry. The device consisted of a wheel that was rolled 
over the muscle tissue with a fixed velocity and different predefined 
forces. The pain threshold force was determined and pain intensity to a 
fixed-force stimulation was continuously rated on a visual analogue scale 
while the wheel was rolling over the muscle. The pressure pain sensitiv-
ity was evaluated before, during, and after muscle pain and hyperalgesia 
induced unilaterally by either injection of hypertonic saline (0.5 mL, 
6%) into the tibialis anterior or eccentric exercise evoking delayed-onset 
muscle soreness (DOMS). 
Results: The intraclass correlation coefficient was >0.88 for the 
dynamic thresholds; thus, the method was reliable. Compared with base-
line, both techniques detected hyperalgesia at the saline injection site and 
during DOMS (P<0.05). The dynamic algometer also detected the wide-
spread, patchy distribution of sensitive loci during DOMS, which was dif-
ficult to evaluate using static pressure algometry. 
Discussion and conclusion: The present study showed that 
dynamic pressure algometry is a reliable tool for evaluating muscle hyperal-
gesia (threshold and pain rating) with high temporal and spatial resolution. 
It can be applied as a simple clinical bed-side test and as a quantitative tool 
in pharmacological profiling studies.
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L’évaluation mécanique dynamique de 
l’hyperalgésie musculaire chez les humains :  
un algomètre dynamique

HISTORIQUE : La douleur musculosquelettique s’associe souvent à une 
répartition non homogène de l’hyperalgésie mécanique. Il faut donc mettre 
au point de nouvelles méthodes pour déceler cette répartition.
OBJECTIF : Mettre au point et mettre à l’essai une nouvelle méthode 
pour évaluer l’hyperalgésie musculaire à haute résolution temporelle et 
spatiale qui fournit de l’information complémentaire par rapport à 
l’information obtenue par l’algométrie à pression statique classique.
MÉTHODOLOGIE : L’algomètre à pression dynamique a été mis à l’essai 
bilatéralement sur le muscle tibial antérieur de 15 sujets en santé et com-
paré à l’algométrie à pression statique. L’appareil était composé d’une rou-
lette passée sur les tissus musculaires à une vélocité fixe, à diverses forces 
prédéfinies. La force du seuil de douleur était déterminée et l’intensité de la 
douleur à une stimulation à force fixe était constamment évaluée sur une 
échelle analogique visuelle lorsque la roulette était passée sur le muscle. La 
sensibilité à la douleur de pression était évaluée avant, pendant et après la 
douleur musculaire et l’hyperalgésie induite unilatéralement soit par 
l’injection d’un soluté physiologique hypertonique (0,5 mL, 6 %) dans le 
muscle tibial antérieur, soit par l’exercice excentrique évoquant des dou-
leurs musculaires à apparition tardive (DMAT).
RÉSULTATS : Le coefficient de corrélation intraclasse était supérieur à 
0,88 pour les seuils dynamiques. La méthode était donc fiable. Par rapport 
aux données de départ, les deux techniques décelaient l’hyperalgésie au 
foyer d’injection du soluté physiologique et pendant les DMAT (P<0,05). 
L’algomètre dynamique décelait également la répartition inégale générali-
sée des loci sensibles pendant les DMAT, difficiles à évaluer à l’aide de 
l’algométrie à pression statique.
EXPOSÉ ET CONCLUSION : La présente étude révèle que l’algométrie 
de la pression dynamique est un outil fiable pour évaluer l’hyperalgésie 
musculaire (seuil et classement de la douleur) selon une résolution tempo-
relle et spatiale élevée. On peut l’appliquer à un simple test clinique au 
chevet du patient et l’utiliser comme outil quantitatif dans des études de 
profilage pharmacologique.
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manifestations of muscle hyperalgesia. The current study addresses this 
issue, using the concept of applying a moving pressure stimulus to a 
musculoskeletal structure in a standardized and quantitative manner. 

Consequently, the aims of the present study were: to evaluate a 
new assessment tool, the dynamic pressure algometer; to compare 
traditional static versus dynamic pressure algometry; and to apply the 
novel tool to assess quantitatively experimentally induced muscle 
hyperalgesia provoked by an exogenous (injection of hypertonic 
saline) and an endogenous (postexercise muscle soreness) pain model.

METHODS 
Subjects
Fifteen healthy subjects (age range 23 to 32 years, mean [± SD] body 
mass index 23.4±1.1 kg/m2, eight women) participated in the study. The 
recruited subjects were all students at Aalborg University (Aalborg, 
Denmark). The participants had no pain or other medical problems, 
were not taking any medications and did not engage in any major 
physical activity two days before the experiment. Written informed 
consent was obtained from each subject before inclusion in the study. 
The study was conducted in accordance with the Declaration of 
Helsinki and approved by the local ethics committee (N-2012-0030).

Dynamic pressure algometry
The dynamic pressure pain threshold (DPT) was assessed using the 
dynamic pressure algometer along three lines marked on the tibialis 
anterior muscle of both legs (Figure 1). The dynamic algometer con-
sisted of a wheel through which the experimenter could apply eight 
different forces (450 g, 600 g, 800 g, 1300 g, 1500 g, 2100 g, 3400 g, 
5000 g) controlled by springs. The wheel had a diameter of 35 mm and 
a width of 5 mm. The wheel movement was recorded via a digital 
encoder (Bournes, USA) with a sensitivity of 64 pulses/revolution to 
measure the distance covered during the rolling stimulation. The 
speed of the wheel was visually presented to the experimenter control-
ling the speed manually to approximately 10 mm/s.

The wheel was moved on three parallel lines (6 cm) on the tibialis 
anterior muscle, with starting points 5 cm from the origin of the muscle 
and distance between the lines equal to 1.5 cm (Figure 1B). The lower 

weight was used first and increased until the subject perceived a sensation 
of pain after stimulation of the 6 cm lines. The assessment was repeated 
three times. The weight of the wheel, which induced pain for at least two 
of the three stimuli, was defined as the DPT. After the DPT assessment, 
the subject continuously scored the pain intensity during rolling stimula-
tion on the three lines with the DPT intensity on an electronic visual 
analogue scale (VAS) on which 0 cm indicated ‘no pain’ and 10 cm 
indicated ‘maximal pain’. The rolling distance and the VAS scores were 
sampled at 10 Hz, indicating a measurement step of 0.1 cm. The stimu-
lus-response curve (VAS versus distance) was constructed, and the area 
under the curve (VAS-distance area) was extracted in MATLAB 
(Mathworks, USA). 

Static pressure algometry
Pressure stimulation on the nine sites along the tibialis anterior muscle 
(Figure 1B) was applied perpendicularly to the skin surface by 
computer-controlled pressure algometry with a mechanical footplate 
(Aalborg University, Denmark [13]). The pressure stimulation was 
force controlled, with a force gradient of 0.3 kg/s (max force 20 kg). 
The subject pressed a button to indicate the pressure pain threshold 
(PPT). PPT was defined as the point at which a sensation of pressure 
changed into a sensation of pain. PPT measurements were performed 
with a 1.0 cm2 probe on all the nine points. For each assessment, the 
measurement was repeated three times and the mean of these measure-
ments was used in further calculations. An interval of minimum 30 s 
was kept between each PPT assessment.

Exogenous muscle hyperalgesia model: Saline-induced pain
Sterile hypertonic saline (0.5 mL, 6%) was injected intramuscularly 
into the right tibialis anterior muscle because this is known to induce 
muscle pain and hyperalgesia (22). The saline was injected into the 
muscle belly of the tibialis anterior approximately one-third of the 
distance from the lateral tibial condyle and the talocrural joint, cor-
responding to point 5 in Figure 1B. Sterile hypertonic saline (0.5 mL, 
6%) was injected over approximately 10 s after the skin had been 
cleaned with alcohol. The injection was performed using a 2 mL plas-
tic syringe with a disposable needle (27 G). The pain-intensity profile 
was monitored by asking the subject to rate the pain using an elec-
tronic VAS every 30 s. The scores were between 0 cm (‘no pain’) and 
10 cm (‘maximal pain’). The maximum VAS score and pain duration 
were extracted. 

Endogenous muscle hyperalgesia model: DOMS
Three sets of right ankle eccentric plantar flexion were performed with 
20 s rest in between. The subject stood on a 13 cm high metal platform 
with the heel of the right leg on the edge of the platform with the mid- 
and forefoot extending over the edge (8). The palms of the subject 
were placed on the wall at shoulder level for support only. The subject 
performed a slow plantar flexion of the ankle allowing the forefoot to 
descend until the toes touched a soft foam cushion (2 cm thick) placed 
below the platform. Then the subject returned to the initial starting 
position (7). Subjects repeated this process 20 times per set. A seven-
point Likert scale was used to assess soreness (1 = no soreness; 7 = 
unbearable soreness) one day after the exercise (23). 

Protocol
The experiment was performed on two consecutive days. On the first 
day, the origin of the tibialis anterior muscle was located by palpation 
on both legs. DPTs and PPTs at baseline were measured. Exogenous 
muscle hyperalgesia was then induced by saline injection into the right 
tibialis anterior muscle, and DPTs and PPTs were remeasured 5 min 
after pain had disappeared (approximately 15 min after injection). 
Pilot experiments had shown that it was not possible to evaluate pain 
due to dynamic stimulation during the hypertonic saline effect because 
subjects were not able to distinguish between the pain due to the 
injection and the pain due to the stimulation per se. Following the 
assessments after saline-induced muscle pain, there was a 10 min break 
with complete rest. After the rest, the subject performed eccentric 

Figure 1) A The dynamic pressure algometer. This device consists of a 
wheel that applies a specific force determined by a spring within the handle. 
The experimenter moves the algometer along the desired muscle at a constant 
velocity of 10 mm/s. An encoder is attached to the wheel and used to meas-
ure the distance (in cm) covered during the measurement, while the pain 
sensitivity is recorded by a electronic visual analogue scale. B Map of the 
sites for static pressure pain thresholds and dynamic pressure pain thresholds 
lines evaluated on the tibialis anterior muscle. The point of hypertonic saline 
injection is indicated in black
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exercise with the right tibialis anterior muscle to induce DOMS. On 
the second day, the pain sensitivity was monitored bilaterally using the 
same methods as at baseline of day 1. 

Data analysis and statistics
The data are presented as means and SEM. All analyses were per-
formed using STATISTICA (StatSoft Inc, USA). Based on previous 
studies with similar parameters reflecting the pressure pain sensitivity 
(24,25), approximately 15  participants were sufficient to assess the 
method’s validity in the current study design. 

Data passed the Kolmogorov-Smirnov test for normal distribution. 
The baseline DPTs were analyzed using a two-way repeated-measures 
ANOVA (RM-ANOVA) with the factors leg (left and right) and 
position (lines A, B, C). The VAS-distance area was analyzed using 
a three-way RM-ANOVA with the factors pain paradigm (baseline, 
injection, DOMS), leg (left and right) and position (lines A, B, C). 
PPTs were analyzed using a three-way RM-ANOVA with the factors 
pain paradigm (baseline, injection, DOMS), leg (left and right) and 
points (1 to 9). The Neuman-Keuls (NK) post hoc test was used 
when factors were significant. A Pearson’s correlation analysis was 
used to assess relationships among PPTs and the corresponding VAS 
score from rolling stimulation at the same point in the experimental 
pain paradigm. The intrarater reliability was tested using a two-way 
mixed intraclass correlation coefficient (ICC) with absolute agree-
ment (2.1), comparing the DPTs and VAS-distance area on leg and 
position. The results were interpreted according to established grad-
ing criteria: ICC <0.20 = poor, 0.21 to 0.40 = fair, 0.41 to 0.60 = 
moderate, 0.61 to 0.80 = good and 0.81 to 1.00 = very good (26). The 

sensitivity distribution was mapped, indicating a 15% pain sensitivity 
increase or decrease compared with baseline. P<0.05 was considered 
to be statistically significant.

RESULTS
DPTs
The DPTs detected at baseline were not significantly different, regard-
less of the leg or the assessment line being evaluated (Figure 2). For the 
left leg, mean (± SE) DPT values of 2.30±0.11 kg, 2.28±0.11 kg and 
2.36±0.10 kg were observed for lines A, B and C, respectively. 
Similarly, for the right leg, mean DPT values of 2.58±0.12 kg, 
2.54±0.12 kg and 2.62±0.13 kg were observed for lines A, B and C, 
respectively. The ICC coefficient was 0.88 for both legs.

Saline-induced muscle pain and DOMS
The maximum VAS score after injection of hypertonic saline was 
7.6±2 cm and the pain duration was 450±60 s. All participants sub-
jected to saline-induced muscle pain experienced local pain and two 
subjects reported that the pain referred to the corresponding ankle 
(data not shown). The Likert scale indicated that all the subjects 
developed DOMS one day after the eccentric exercise, with a mean 
score of 2.1±0.9. 

Dynamic pressure algometry after induction of experimental 
muscle hyperalgesia
Before saline-induced pain, the VAS-distance area was, on average, 
0.004±0.003 cm2 during rolling mechanical stimulation with an inten-
sity equal to the DPT level. The peak VAS during rolling mechanical 
stimulation was 2.2±0.2 cm at a position corresponding to the injec-
tion site of hypertonic saline (Figure 3). ANOVA of the VAS-distance 
area demonstrated a significant interaction among pain paradigm, leg 
and line position (F4=9.1, P<0.01). Five minutes post-pain, the VAS-
distance area corresponding to the line of the injection site on the 
right leg was significantly higher compared with the other two lines 
and with the other leg (NK: P<0.03). 

Figure 2) Mean (±SE) dynamic pressure threshold (g) on the three lines 
evaluated

Figure 3) Mean visual analogue scale scores (cm) versus distance (cm) 
profile after saline-induced muscle hyperalgesia in the tibialis anterior muscle 
of the experimental muscle pain leg (A) and control leg (B). The rolling 
stimulation assessment on the lines A, B and C is illustrated with black lines. 
The grey line related to each curve indicates the SD
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The VAS peak at the dynamic pressure threshold on the DOMS 
leg was 2.0±0.4 cm over the muscle belly (line B, distance 3 cm 
equivalent to point 5) while no pain was felt on the unaffected leg 
(Figure 4A and 4B). The VAS-distance area one day after eccentric 
exercise showed a significant increase in the response from the DOMS 
leg compared with the corresponding area at baseline, regardless of the 
line of stimulation (NK: P<0.01). 

Static PPTs 
The ANOVA of PPTs showed a significant interaction among pain 
paradigm, leg and assessment site (F16=15.6; P<0.05). The PPT 
obtained 5 min after saline-induced pain at the injection site was 
significantly decreased compared with the measurement at baseline 
and on the other leg (NK: P<0.03; Figure 5). The PPTs obtained 
after DOMS were significantly lower than the PPTs at baseline or on 
the unexercised leg, regardless of the point of stimulation (NK: 
P<0.05; Figure 5).

At baseline, the VAS score after rolling stimulation meaured at the 
sites for PPT assessments correlated with the PPTs for all nine points 
(R=0.86, P<0.05). Five minutes after saline-induced pain, the most 
sensitive site was point 5 (the muscle belly) while the least sensitive site 
was point 9 (the most distal point from the tibial tuberosity). In the 
DOMS leg, PPTs and corresponding VAS scores after rolling stimula-
tion did not correlate for any assessment points (P>0.10). The most 
sensitive site was point 5 for both the pressure algometry (Figure 6) and 
dynamic algometry (Figure 7) assessments. However, the VAS related 
to dynamic pain assessment showed the presence of sensitive loci, non-
visible with the pressure algometry measurement (Figure 7). 

DISCUSSION
The current study demonstrated that dynamic pressure algometry is a 
useful easy-to-use and reliable tool for quantitative evaluation of tem-
poral and spatial aspects of dynamic muscle hyperalgesia (pain thresh-
old and evoked pain ratings). 

Dynamic mechanical pressure algometry
Standardized mechanical stimulation of musculoskeletal tissues is a 
common method for excitation of nociceptors (13,27). The dynamic 
pressure algometer showed good reliability in both pain thresholds and 
pain ratings, with interclass correlation coefficients of 0.75 to 0.88. 
Previous studies using the static handheld pressure algometry tech-
nique showed poor reliability (28). 

The PPTs assessed by static pressure algometry vary substantially and 
depend on the stimulus configuration parameters such as application rate 
and area (14,15,29). Dynamic pressure algometry differs from static pres-
sure algometry in the volume of tissue stimulated and, hence, the 
dynamic technique may mimic the way cutaneous allodynia is assessed. 
In addition, it enables measurement of the spatial distribution of hyper-
sensitive loci along a muscle structure in one assessment session. This is 
a common phenomenon in multiple experimental and clinical evalua-
tions (30,31). However, the evaluation of these hypersensitive loci to 
construct pressure sensitivity maps (ie, Binderup et al [18]) is very time 
consuming if performed with static pressure algometry. In addition, the 
spatial and temporal aspects of hypersensitivity are included in the 
assessment using the dynamic algometry. In many neuropathic pain con-
ditions, dynamic tactile allodynia is a common feature that can only be 
provoked by stroking the skin. This feature should be similarly assumed 
for deep somatic tissues, and the dynamic algometer may be useful for 

Figure 5) Mean (± SE) pressure pain thresholds (n=15) assessed by the 
computer-controlled pressure algometer of the nine points assessed on the tib-
ialis anterior muscle at baseline (A), 5 min post-saline-induced pain (B), and 
24 h after eccentric exercise (delayed-onset muscle soreness [DOMS]) (C). 
Significant differences between legs and baseline are indicated (*P<0.05)

Figure 4) Mean visual analogue scale score (cm) versus distance (cm) 
profile 24 h after eccentric exercise when delayed post-exercise soreness has 
developed (A) and in the control leg (B). The rolling stimulation assessment 
on the lines A, B and C is illustrated with black lines. The grey line related 
to each curve indicates the SE
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assessing this. Assessing dynamic versus static cutaneous hypersensitivity 
in neuropathic pain shows differentiated patterns in different patient 
populations (32). To date, this aspect has not been addressed for deeper 
tissues, and the present technique may be used for such assessments. 
Further clinical studies are needed to investigate possible differentiated 
responses to static and dynamic pressure algometry in groups of patients 
with chronic musculoskeletal pain problems, and to determine whether 
different analgesics modulate the two responses differently.

Dynamic pressure algometry after hypertonic saline
The hypertonic saline model has been used extensively to characterize 
the sensory and motor effects involved in muscle pain because the qual-
ity of the induced pain is comparable with acute clinical muscle pain 
and causes a dominant sensation of deep, diffuse pain with referred pain 
characteristics (14,33). The changes in the evoked somatosensory chan-
ges after experimental saline-induced pain are complex. Five minutes 
after saline-induced muscle pain, hyperalgesia to pressure was found 
2 cm to 10 cm from the injection site, although it was not uniformly 
distributed (34,35). In addition, Qerama et al (36) observed decreases in 
PPTs at the injection site after the saline-induced pain had disappeared. 
In the present study, the stimulus response curve during dynamic algom-
etry showed a peak in pain sensitivity at the point injected with hyper-
tonic saline. This is in accordance with previous studies in which the 
injection site showed increased pain sensitivity 5  min after pain had 
disappeared (35). The other parts of the muscle and the other leg did 
not show hyperalgesia, in accordance with a previous study (22). 

Dynamic pressure algometry after eccentric exercise
Eccentric exercise is a widely used method of endogenous pain induc-
tion in humans. Following this type of exercise, DOMS over the 
muscle tissue is present after 24 h to 48 h (37), allowing investigation 
of muscle hyperalgesia to be undertaken in this period. The mechan-
ism underlying DOMS is likely related to ultrastructural tissue damage 

resulting in the release of algesic substances in the muscle and local-
ized inflammatory processes (38).

Eccentric exercise is traditionally used to induce DOMS and can be 
utilized in both upper and lower limb muscles (30,39). Mechanical 
hyperalgesia is a hallmark of DOMS but is not evenly distributed over 
the affected muscle (8). The most commonly reported site of tenderness 
in DOMS is the mid-muscle belly region (30,39). Andersen et al (6) 
showed significantly decreased PPTs for muscle belly sites. Some varia-
tions in the spatial expression of hyperalgesia were found among test 
sites. In the present study, the site of hyperalgesia assessed by dynamic 
pressure algometry was spread along the tibialis anterior muscle, consist-
ent with previous studies (6,8). While the muscle belly was a common 
site of maximal sensitivity, there was considerable variation in the spa-
tial distribution among subjects. A widespread, patchy distribution of 
sensitive loci during DOMS has previously been demonstrated (30). 

CONCLUSION
The developed dynamic pressure algometry is a new reliable and quanti-
tative method for evaluating muscle hyperalgesia with high temporal 
and spatial resolution. This tool may provide complementary informa-
tion compared with information achieved by traditional static pressure 
algometry. This method is easy to use as a clinical bedside test for exam-
ining patients with musculoskeletal pain and associated musculoskeletal 
hypersensitivity. The technique may also be used as a tool in pharmaco-
logical profiling studies. Further clinical studies are needed to investi-
gate the diagnostic validity of possible differentiating responses to static 
and dynamic pressure algometry in different patient populations. 
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Figure 6) Distribution of pressure pain threshold (n=15) changes assessed by the 
computer-controlled pressure algometer at the nine sites on the tibialis anterior 
muscle during delayed-onset muscle soreness. Open circles represent decreased 
sensitivity (15% increase of pressure pain threshold compared with baseline) and 
filled circles represent increased sensitivity (15% reduction of pressure pain 
threshold compared with baseline). × indicates the site of maximal sensitivity 
(ie, the pressure pain threshold with the largest reduction) for each subject

Figure 7) Distribution of pain sensitivity (visual analogue scale scores at the 
corresponding assessment site [n=15]) at the nine sites along the tibialis anter-
ior muscle during delayed-onset muscle soreness. Open circles represent 
increased sensitivity (+15% compared with baseline) and filled circles repre-
sent decreased sensitivity (−15% compared with baseline). × indicates the site 
of maximal sensitivity (ie, the visual analogue scale score with the largest 
increase) for each subject
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