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Abstract

Background: Our purpose was to develop an induced musculoskeletal pain model of acute low back pain and
examine the relationship among pain, disability and fear in this model.

Methods: Delayed onset muscle soreness was induced in 52 healthy volunteers (23 women, 17 men; average age
224 years; average BMI 24.3) using fatiguing trunk extension exercise. Measures of pain intensity, unpleasantness,
and location, and disability, were tracked for one week after exercise.

Results: Pain intensity ranged from 0 to 68 with 57.5% of participants reporting peak pain at 24 hours and 32.5%
reporting this at 48 hours. The majority of participants reported pain in the low back with 33% also reporting pain
in the legs. The ratio of unpleasantness to intensity indicated that the sensation was considered more unpleasant
than intense. Statistical differences were noted in levels of reported disability between participants with and
without leg pain.

Pain intensity at 24 hours was correlated with pain unpleasantness, pain area and disability. Also, fear of pain was
associated with pain intensity and unpleasantness. Disability was predicted by sex, presence of leg pain, and pain
intensity; however, the largest amount of variance was explained by pain intensity (27% of a total 40%). The
second model, predicting pain intensity only included fear of pain and explained less than 10% of the variance in
pain intensity.

Conclusions: Our results demonstrate a significant association between pain and disability in this model in young

adults. However, the model is most applicable to patients with lower levels of pain and disability. Future work
should include older adults to improve the external validity of this model.

Background
Musculoskeletal pain is the most common form of
chronic or recurrent pain [1,2] that has a high societal
cost [3], making it a public health priority [1,2,4].
Current literature suggests that there is a potentially
complex interaction of factors that contribute to low
back pain (LBP). Psychological factors, for example, pro-
long recovery and may predict disability for patients
with LBP [5]. One limitation to clinical studies is that
there can be little experimental control of the pain
experience. Using a model of experimentally induced
pain, the type of the pain stimulus, as well as the general
area where pain is experienced can be controlled [6].
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Exercise, an endogenous method of inducing muscle
pain, can produce pain during [7] and after activity [8].
Performance of eccentric (lengthening) muscle actions
in muscles unaccustomed to such forces causes damage
to muscle fibers. Pain, hyperalgesia, allodynia, edema,
and weakness can also result [9-13]. These symptoms
and signs typically completely resolved within two
weeks [14,15] and are referred to as delayed onset mus-
cle soreness (DOMS). DOMS has been reported in the
trunk muscles after floorball training [16] and perfor-
mance of the tests associated with a functional capacity
evaluation [17,18]. However, each of these models
involved significant time to induce the DOMS. For
example, participants in the study by Hjortskov et al,
played handball for two hours while participants in
work described by Soer et al completed a functional
capacity examination, a procedure that involves twelve
separate strength tasks.
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In DOMS models that involve peripheral (non-
axial) muscles common protocols target a primary
muscle or muscle group in which the DOMS is to be
induced. Active trunk exercises have been used to
generate DOMS in the trunk [19,20]. Therefore we
had two general goals to extend previous work in this
area. Our first goal was to describe the pain and dis-
ability outcomes resulting from DOMS to establish
the external validity of DOMS as a model of LBP. We
aimed to quantify pain intensity and self-report of
disability, examine the distribution of any pain that
might occur expecting that it would be in anatomic
regions consistent with LBP reported by patients
seeking intervention for their pain, and characterize
the quality of any pain reported. Additionally we
sought to identify whether peripheral sensitization
occurred following DOMS in the trunk, as indicated
by reductions in mechanical pain thresholds over the
targeted muscles.

Our next goal was to determine the relevance of this
model to patients with low back pain. We hypothesized
that there would be a relationship between pain inten-
sity and self-report of disability [21-23] and we also
expected variability in pain intensity to be related to
psychological factors, such as pain related fear, and psy-
chophysical measures [24,25]. Then we compared pain
and disability reports by participants in the current
study to a group of age-matched patients seeking inter-
ventions for LBP. Demographics and the characteristics
of the patients’ pain experiences were tracked as part of
a separate randomized trial of interventions for LBP
[26]. We hypothesized that there would be overlap
between the two groups (healthy participants with
DOMS and patients with LBP) in reports of pain inten-
sity. The overriding rationale for these hypotheses was
that if measures collected after DOMS were consistent
with observations made of patients seeking intervention
for LBP this would support the external validity of the
model.

Methods

Participants

52 healthy pain-free volunteers (23 women, 17 men;
average age 22.4 years; average BMI 24.3) read and
signed an informed consent form approved by the
University Institutional Review Board. Participants were
excluded if they met any of the following criteria: pre-
vious participation in a conditioning program specific to
trunk extensors, any current back pain, any chronic
medical conditions that may affect pain perception,
kidney dysfunction, major psychiatric disorder, history
of previous injury including surgery to the lumbar spine,
cardiac conditions, osteoporosis, or liver dysfunction, or
performance of any intervention for symptoms induced
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by exercise before the termination of their participation
in the protocol.

Measures

All tests and measures were collected in a research
laboratory setting before exercise and at 24, 48,
96 hours and one week after the exercise protocol was
administered. In addition, participants complete pain
and disability questionnaires 2 weeks, 4 weeks and
12 weeks after exercise to examine any long term effects
of participation.

Pain intensity, unpleasantness, and location

Pain intensity was measured with a visual analog scale
(VAS) consisting of a 100 mm line anchored at one end
with “none” and at the other with “worst imaginable.”
A previous study has indicated that the VAS is a valid
ratio measure [27]. Participants rated “worst pain in the
back or legs today” by placing a mark along the
100 mm line. The VAS for pain unpleasantness con-
sisted of a 100 mm line with anchors of “not at all
unpleasant” and “most unpleasant imaginable.” Pain
intensity measures the sensory-discriminative dimension
of pain, and pain unpleasantness measures the affective-
cognitive dimension of pain [28]. The affective ratio
(unpleasantness divided by intensity) provides informa-
tion about the quality of the pain [29]. Clinical pain
often is associated with unpleasantness being similar to,
or greater than, intensity [30]. Participants also com-
pleted pain drawings to indicate the spatial distribution
of any back or leg pain. Data were coded to indicate if
the participant reported any leg pain defined in this
study as pain below the gluteal fold.

Disability

Self-report of low back-related disability was assessed
with a modified version of the Oswestry Disability Ques-
tionnaire (ODQ) [31]. This ten-item questionnaire has a
range of 0 (no disability due to back pain) to 100 (com-
pletely disabled due to back pain) and is typically
reported in percentages. The ODQ has been extensively
used as a measure of disability in those patients with
LBP during clinical management and experimental stu-
dies. The modified ODQ has very good test-retest
repeatability [31] and a recent consensus statement
included the ODQ as an important measure of physical
functioning in patients with LBP [32].

Pain-related fear

Two questionnaires were used to measure pain-related
fear. The Fear of Pain Questionnaire (FPQ) is a 30-item,
5-point rating scale with a range from 30 to 150, devel-
oped to measure fear about specific situations that may
cause pain. We used the total score for the FPQ, as we
were most interested in measuring participants’ general
fear of pain [33]. High levels of internal consistency
(>0.8) have been reported in clinical and non-clinical
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groups of participants [33,34]. This questionnaire was
used because it can be completed by healthy, pain free
participants and we have found it to be associated with
experimental pain responses in our previous studies
[24,25].

A shortened version of the Tampa Scale of Kinesio-
phobia (TSK-11) was used to assess the fear of move-
ment or injury [35]. The original TSK included 17
questions and was used in multiple studies in partici-
pants with low back pain [36-38]. The TSK-11 provides
a measure of 2 separate domains: somatic focus and fear
of reinjury [39]. The TSK-11 excludes 6 questions from
the original Tampa Scale of Kinesiophobia (TSK). The
TSK-11 has demonstrated similar factor structure, relia-
bility (ICC = 0.82), and validity to the original version of
the TSK [35]. The items are scored on a 4-point scale
from 1 (strongly disagree) to 4 (strongly agree). Lower
scores on the TSK-11 indicate less pain-related fear of
movement.

Pain Sensitivity

Mechanical Pressure Threshold (MPT): Lowered
mechanical pain threshold has been previously reported
in DOMS models suggesting sensitization of muscle
nociceptors in response to mediators of the inflamma-
tory process [6,40].Tenderness in paraspinal muscle tis-
sue was assessed using a hand-held dynamometer
(Microfet 2, Hoggan Health Industries, Inc, West
Jordan, UT). The tip of the dynamometer is equipped
with a rubber foot-plate of 1-cm diameter. During test-
ing, the participant was positioned in prone and force
was applied until the participant reported that the sen-
sation changed from pressure to pain. At that point the
participant rated pain they experienced using a numeric
rating scale (NRS) anchored at 0 (no pain sensation at
all) and 100 (worst pain imaginable) and the applied
force to reach this threshold was recorded in kg-force.
Threshold measures were evoked in the paraspinal mus-
cles bilaterally 2.5 cm from the spinous processes of L1,
L5 and S2 for a total of six ratings. These were averaged
to provide a single measure of MPT. Between session
reliability for MPT has been shown to be high (ICC >
0.87) in the posterior trunk muscles [41].

Exercise Protocol

Prior to exercise all participants completed a submaxi-
mal effort warm-up session consisting of riding the sta-
tionary bicycle at a speed of 50-60 RPM and 1 Kp of
resistance and static passive stretching (held for 30 sec-
onds) of the lower extremities and posterior trunk. Par-
ticipants performed an isometric (static) test of total
torque of the trunk extensor muscles through their
available trunk flexion range of motion (ROM) using a
MedX lumbar extension exercise machine following the
standardized protocol [42]. The repeatability of
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isometric torque production is well-established in parti-
cipants without pain [42] and groups of patients with
LBP [43]. Participants were seated in the MedX machine
with the stabilizing straps attached across the pelvis and
knees. The participant was moved through the ROM of
the machine in lumbar flexion and extension to deter-
mine his or her available ROM. The device was locked
into place in maximal flexion and the participant was
instructed to build up force gradually against a pad in
contact with the mid and lower back. The torque gener-
ated by the participant was displayed graphically on the
data collection computer. Once peak effort was observed
by the research assistant, the participant was instructed
to relax, the device released and the participant returned
to an upright position for at least 10 seconds. Isometric
testing was administered seven times in positions that
ranged from the participant’s maximum available trunk
extension to maximal trunk flexion. The isometric tor-
que collected at each test angle was summed to give
measure of total torque produced across the entire
range of motion.

After baseline total torque was recorded, participants
performed bouts of dynamic exercise to the point of
volitional fatigue. To perform the exercise bout, the par-
ticipants were seated and restrained in a MedX lumbar
extension exercise machine. Participants performed as
many repetitions as possible using a weight load equal
to approximately 80% of the peak torque measured dur-
ing the isometric test. Each repetition was performed
through the full available ROM and the participants
were encouraged to perform the lifting portion (con-
centric) in two seconds and the lowering (eccentric) in
four seconds. Repetitions continued until the patient
reported being unable to move through a full range of
motion (volitional fatigue). Once this occurred, the iso-
metric torque test was performed again. If the total tor-
que measured during the repeat isometric test was 50%
or less of the baseline total torque, the protocol was
complete. If this didn’t occur, the exercise bout was
repeated. Participants repeated this sequence of dynamic
exercise and isometric testing until total measured tor-
que decreased to 50% of the baseline measurement. Par-
ticipants were instructed not to initiate any medication
in the next 48 hours, or apply any intervention, such as
ice or heating pacs to the lumbar spine.

Analysis

Descriptive statistics were generated for all baseline
variables.

Effect of DOMS

The effect of exercise on pain intensity and disability
was compared over time using separate repeated mea-
sures analysis of variance (ANOVA) models. We specifi-
cally expected pain reports to peak at 24 or 48 hours
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and return to baseline over time. Additionally, we calcu-
lated the affective ratio to examine the change in quality
of the pain. These ratios represent the ratio of unplea-
santness to intensity and were calculated beginning at
24 hours. To examine changes in pain sensitivity that
occurred in response to DOMS we used a repeated-
measures ANOVA. We also compared participants with
and without leg pain on measures of pain, disability and
fear.

Changes in muscle performance were also examined.
A two-way repeated measures ANOVA was used to
examine whether decrements in isometric torque pro-
duction were specific to a particular angle or angles, or
whether changes occurred across all testing angles
equally. Additionally the total isometric torque was
tracked to determine the timeframe over which muscle
performance returned to baseline levels of performance.
Model Validity
Next we examined the extent to which pain reports
explained self-reported disability after the induction of
pain. We used the values of pain and disability at
24 hours following the induction of muscle pain for
these analyses. First, zero order correlations were calcu-
lated among the potential predictor and outcome vari-
ables. Sex differences in pain intensity and disability
were tested using independent t-tests. The first model
was fit for disability using the ODQ as the dependent
variable. We built a hierarchical regression model using
demographic variables as the first block. The second
block consisted of psychological measures for which the
zero order correlation with pain was significant at p <
0.1. Pain intensity was entered as the final block. Hier-
archical regression was chosen to allow us to examine
the contributions of each ‘block’ to the overall variation
in the dependent variable. We examined the change in
R” and standardized betas to determine significant con-
tributions to the variance.

A second model was build to examine factors that
explained variability in pain intensity after exercise. The
first block entered consisted of demographic variables.
The second block consisted of psychological measures
for which the zero order correlation with pain was sig-
nificant at p < 0.1.

Our last test of validity was to compare the experi-
mentally induced LBP to clinical LBP. Reported pain
intensity from participants in our study was compared
to age matched patients with low back pain from a pre-
vious clinical trial [26] using Mann-Whitney U test.
Demographic details of patients in the clinical trial are
summarized in Table 1.

Repeated measures ANOVAs were performed using
StatView 5.0.1 (SAS Institute, Cary, NC, USA), and
regression analyses were performed using SPSS for Win-
dows 15.1. Type 1 error was maintained at 5%.
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Results

Demographic and descriptive data are summarized in
Table 1. 52 participants completed the evaluations with-
out drop-outs and no adverse events were reported. 38
participants indicated that they had not performed any
type of regular exercise (more than one a week) for the
past month. Five indicated participating in weight-train-
ing (no training of the trunk extensors), and seven indi-
cated that they performed aerobic exercise (running,
walking, or bicycling) twice a week.

Effects of DOMS

There was a significant main effect of time for pain
intensity in the back or legs (F; 55 = 45.7, p < 0.001).
The general time course of DOMS is shown in
Figure 1. 30 participants reporting peak pain at
24 hours and 17 reporting this at 48 hours. One parti-
cipant reported peak pain at 96 hours after exercise
and 4 participants reported no pain at any time per-
iod.18 participants reported pain in the back and legs.
No participants reported pain below the knee at any
time point. A sample pain diagram is shown in Figure
2 illustrating the distribution of pain reported by this
participant at 48 hours. The pain intensity for 45 of
participants had returned to zero within one week
after the induction of DOMS and only 1 participant
reported pain at 2 weeks (10 mm). Similarly, the distri-
bution of disability scores increased from baseline to
24 hours and then returned to zero over time (F; 55 =
13.2, p < 0.001). MPT at 24 and 48 hrs was signifi-
cantly lower than baseline (p = 0.004 and p = 0.012,
respectively) and returned to baseline by 96 hours.
These values are shown Table 2.

Table 1 Characteristics of participants performing the
exercise protocol and age matched-patients with LBP

Healthy Patients with LBP
participants [26] (n = 33)
(n =52)
Variable Median Range Median Range
Age (years) 23 18,32 24 18, 32
Sex (% female) 31 60% 22 66%
Race/Ethnicity
White 42 81% 25 76%
African American 5 10% 5 15%
Asian 4 8% 1 3%
Native American 0 0% 0 0%
Hawaiian/Pacific Islander 1 2% 1 3%
More than one race 8 -
Pain intensity 16 0,63 50 0,70
Disability 4 0,30 28 0,74
Fear of pain (FPQ-III) 747 30,110 -
Kinesiophobia (TSK) 185 11,26 -
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Figure 1 Pain intensity reported after induction of DOMS.

We assessed the affective ratio over the course of one-
week. The affective ratio did not follow the same pattern
as pain intensity and disability; however there were dif-
ferences across testing sessions (F;5; = 8.81, p = 0.004).
The ratio of unpleasantness to intensity statistically
increased from 24 to 48 hours (p = 0.010) and remained
elevated one week after the exercise protocol (p =
0.007) following a different time course from measures
of intensity only. The ratio of unpleasantness to inten-
sity remained greater than one indicating that the sensa-
tion was considered more unpleasant than intense.

Figure 2 Sample pain diagram of subject reporting a “peak
pain in the back or legs” of 30 mm at 48 hours. Participants
were instructed to “use the diagram to mark the areas in which you
are feeling pain as a result of the exercises done in this study”.
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Table 2 Changes in Mechanical Pain Threshold

Force (kgf) Rating (NRS)
Baseline 288+ 14 231 £23
24 hours 236+ 13 269 + 26
48 hours 248 £ 1.2 241 + 24
96 hours 277 £ 1.2 227 £ 22

When immediate changes in muscle performance after
exercise were examined, a significant interaction was
noted between time and angle (Fg 31, = 15.01, p < 0.001).
The greatest decrements in isometric torque production
occurred at test angles 12, 24 and 72 degrees correspond-
ing to the mid-range of trunk motion and in full trunk
flexion, respectively. Post-hoc testing indicated that the
decrement in torque at 12 degrees and at 24 degrees was
largerer than in the loss of torque in full extension. The
percent deficit at each angle is shown in Figure 3. Total
isometric torque remained depressed at one week after
the exercise protocol was performed and returned to
baseline totals by two weeks after exercise (Figure 4).

Model validity

The pain intensity at 24 hours for the participants ran-
ged from 0 to 63 on the VAS. Statistical differences
were noted in levels of self-reported disability when
comparing participants with and without leg pain (parti-
cipants reporting leg pain had higher levels of self-
reported disability) but no differences were noted in
pain intensity.

The zero order correlations among demographic, psy-
chological, and pain variables, and self-reports of disabil-
ity at 24 hours are summarized in Table 3. Pain intensity
at 24 hours was correlated with pain unpleasantness,

Full flex
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Figure 3 Decrements in isometric torque production
immediately following the exercise protocol. The line represents
differences among testing angles (p < 0.002 after Bonferroni

correction).




Bishop et al. BMIC Musculoskeletal Disorders 2011, 12:35
http://www.biomedcentral.com/1471-2474/12/35

9000

8000

7000

6000

5000 -

4000

3000

Total Isometric Torque (ft.Ibs)

2000

1000

Baseline Immediate 24hours  48hours  96hours 1 week 2 weeks

Figure 4 Time course to recovery of isometric torque
production in the trunk extensor muscles.

pain area and self-reports of disability. Also, fear of pain
was associated with pain intensity and pain
unpleasantness.

Our first model, predicting self-report of disability at
24 hours, included sex, as the only demographic vari-
able, the presence of leg pain, and pain intensity. Each
variable contributed unique amounts of variance to the
final model predicting disability as indicated by the sig-
nificant changes in the adjusted R? (see Table 4). How-
ever, the largest amount of variance in disability, an
additional 27%, was explained by pain intensity after
controlling for sex and the presence of leg pain. The
final model accounted for 40% of the total variance in
self-reported disability and is shown in Table 4.

No other predictor variables of interest were related to
pain-intensity except fear of pain; therefore no regres-
sion analyses were performed. The association between
fear of pain and pain intensity is shown in Table 3.

Thirty-four patients in the comparison clinical trial [26]
were between the ages of 18 and 32 years. Demographic
details of this group of patients is presented in Table 1.
Data from these patients was compared to the reports of
pain from participants in this DOMS study. Overall, the
reports of pain after exercise were significantly lower
than the reports of pain of the patients (U = 256.5, p <
0.001). Visual inspection of the quartile ranges in both
data sets suggested that the highest pain intensity reports
of the experimental group (50" percentile and greater)
overlapped with the lowest pain reports (50 percentile
or lower) of the patients seeking intervention for their
back pain - 16 to 68 mm, and 0 to 50 mm respectively.

Discussion

We induced acute pain using an exercise protocol to
create DOMS in the low back and followed participants
for 12 weeks to collect pertinent outcomes. DOMS
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models are potentially very useful because they mimic
musculoskeletal pain in loss of range of motion, pain
with movement and self care behaviors [12,13,44]. The
reports of pain generated in this current study followed
a time course consistent with other DOMS models with
pain peaking at 24 or 48 hours and resolving within
approximately one week after exercise [45,46].

The reported pain intensity ranged from 0 to 68 mm
in the low back and, sometimes, legs. These anatomic
areas are consistent with regions described by patients
seeking intervention for LBP. In patients with low back
and leg pain, the leg pain may be referred from ana-
tomic structures in the lumbar spine. For example,
structures that have been demonstrated to cause referral
of pain into the posterior thigh include the dura and
nerve roots [47] as well as the intraspinous ligament
[48] and the lumbar multifidii [49,50]. Magnetic reso-
nance imaging of the posterior trunk muscles after per-
forming the exercise protocol used in this manuscript
indicates that primary changes identified after exercise
occur in the lumbar multifidii (paper in review). The leg
pain in our current study may also have resulted from
the sustained isometric contractions performed by mus-
cles of the lower extremity during the exercise protocol.
While these muscles were not subjected to the forces
that occurring during eccentric (lengthening) actions,
there is evidence to suggest that restricted blood flow to
a working muscle may cause DOMS in that muscle [51].

However, this range of reported pain intensity is lower
than that reported by Udermann et al, 2002 who also
used trunk extension exercise to cause DOMS. These
authors present data indicating that five participants
who completed 50 repetitions of trunk extension using a
weight that was 100% of the isometric maximum
reported pain intensity of approximately 8 using a
10 cm VAS that peaked at 24 hours after exercise. This
exercise intensity was somewhat greater than we used in
our model although no information regarding anchors
on the VAS or confidence intervals reported, and no
error bars are shown in the graph. When developing the
model used in the current study we were very cautious
about the magnitude of the loading being placed on the
lumbar spines of the participants. This was a concern of
the funding agency and of our own institutional review
board. Consequently, our protocol is less aggressive than
is seen in models developed in the extremities and
included both concentric and eccentric muscle actions.
Additionally participants in our current study were
asked to rate pain that they were experiencing at rest,
not during movement or activity. These factors com-
bined may explain why the pain intensity reported is
less than other models of DOMS.

Consistent with other DOMS models, participants
experienced an increase in the affective-cognitive



Bishop et al. BMC Musculoskeletal Disorders 2011, 12:35 Page 7 of 10
http://www.biomedcentral.com/1471-2474/12/35
Table 3 Bivariate associations among measures

Pain Unpleasantness Pain Area Disability Age BMI TSK FPQ
Pain intensity 0.53** 0.33** 0.56** -0.05 0.14 0.06 0.26*
Pain Unpleasantness 0.03 0.31* -0.10 0.07 0.17 0.35%*
Pain Area 0.23 -0.08 0.01 0.05 <0.01
Disability -0.11 0.05 0.10 0.20
Age 0.1 -0.02 -0.11
BMI -0.15 0.03
TSK 0.49**

Disability: Oswestry Disability Questionnaire.
BMI: Body Mass Index.

TSK: Tampa Scale of Kinesiophobia.

FPQ: Fear of Pain.

*-p < 0.05, *-p < 0.01.

component of the pain experience (unpleasantness)
[44,52]. The affective ratio showed a slightly different
pattern of change over time. At each time point the
ratio was greater than one indicating that the pain sen-
sation was perceived as more unpleasant than intense.
This also supports model clinical relevance because clin-
ical pain often is associated with unpleasantness being
similar to, or greater than, intensity. The ratio increased
at 48 hours and remained so at the one week follow-up.
By this time, pain intensity had decreased to baseline for
most participants. Fields et al, 1999 has suggested that
for a sensation to be recognized as painful there must
be unpleasantness associated with the sensation inten-
sity. We did not specifically query participants about the
quality of any ongoing sensation (other than unpleasant-
ness) that they may have been feeling in their back and
legs but we speculate that participants may have contin-
ued to experience ‘soreness’ but not pain per se.
Additionally, participants reported disability after
induction of DOMS using an outcome measure used in
clinical studies of patients with LBP. In our study, pain
intensity was the primary predictor of this self-report of
disability. This is relationship is also consistent with
clinical populations. For example, in nurses with back
pain this correlation was 0.69 [21], compared to r = 0.50
in our study. The presence of leg pain was also

Table 4 Model Predicting Self-report of Disability

Step Beta Sig. Adjusted R*> Sig. F Change

1 (Constant) 2.08 0.060 0.06 0.035
Sex 3.03 0.035

2 (Constant) 0.61 0610 0.14 0.015
Sex 352 0012
Leg pain 353 0015

3 (Constant) -2.31 0.047 041 <0.001
Sex 3.36 0.004
Leg pain 2.85 0.018

Pain intensity 020  <0.001

associated with disability in our model of LBP and this
finding is likewise consistent with the clinical literature
regarding LBP. Selim et al, 1998 compared groups of
patients with LBP who were then further classified by
the location of leg pain (none, to the knee, below the
knee). These authors reported that disability increased
as the involvement of leg pain increased [53].

However, the range of scores using the self-report of
disability reported in our study was 0 to 30. This range
suggests that, while participants perceived some disabil-
ity from DOMS, it was a minimal amount of disability.
This is not unexpected given that participants are told
during the informed consent process to expect the pain
that they experience to be of short duration and instruc-
tional set regarding what to expect after a procedure has
been demonstrated to influence the outcome after that
procedure [54]. However, this is also a strength of the
model as there were a range of pain intensity values
generated and it may be unethical to have induced mod-
els that cause high disability conditions. Such a model -
long duration of high pain and disability - would no
longer be a model per se but rather the clinical condi-
tion being modeled!

Lowered mechanical pain threshold has been reported
in DOMS models involving differing somatic locations
such as the biceps [29], shoulder [55], and hand [10].
A proposed mechanism of DOMS is that muscle noci-
ceptors become sensitized in response to mediators of
the inflammatory process, thereby lowering stimulus
thresholds (peripheral sensitization) [6,40]. The finding
of local reduction in mechanical pain threshold after
DOMS was consistent with other studies of DOMS
[22,56]. In addition, isometric torque producing ability
of the trunk muscles remained impaired for approxi-
mately 2 weeks after exercise. These findings in combi-
nation confirm that the exercise protocol produced
muscle changes in the target muscles.

Pain intensity in our model was only related to base-
line fear of pain and not to kinesiophobia as measured
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by the TSK. The most likely explanation for this finding
is the type of participants in our study. The version of
the TSK used in our study was TKS-11. This question-
naire includes questions about the current pain experi-
enced by the individual completing the form. All our
volunteers were pain-free and none had experienced
back pain or had an accident. More recently the TSK-
general has been published. This may have been a more
appropriate measure of kinesiophobia in our partici-
pants. In contrast, the FPQ measures general fear of
pain and may represent a trait measure of fear.

Our findings are also different from those of Soer
et al, 2009. These authors report that sex was a signifi-
cant predictor of pain intensity in their model of DOMS
after an FCE. For our study, sex predicted the self-report
of disability, not pain.

LBP is characterized by heterogeneous mechanisms of
onset and pathoanatomic pain generators. Additionally,
multiple studies have indicated that identification of
pathoanatomy is difficult because of the many condi-
tions that are also present in asymptomatic participants
[57-63]. Development of an exercise-induced model of
LBP is essential therefore to better control experimental
investigations related to management of LBP. We
believe that DOMS models will be useful for future stu-
dies of LBP. With these models we can test participants
when they are pain free and examine factors that contri-
bute to their pain experience after induction of LBP. In
addition, we have the potential to establish comparison
groups in whom the mechanism of onset is consistent
resulting in the ability to use true experimental design
in studies of LBP potentially allowing us to test
responses to intervention in a homogenous LBP model.
Also, there were participants who reported that they
experienced no pain in the back or legs after performing
the exercise protocol. Consequently, this presents the
opportunity to study potential factors that might be pro-
tective of experiencing DOMS. This finding suggests
additional relevance of our model because not all indivi-
duals who experience the same stress or stimulus go on
to develop and complain of LBP. This is not possible in
clinical studies and remains a novel part of this current
study.

Models of endogenous muscle pain are particularly
useful because they mimic the most common form of
chronic pain, musculoskeletal pain [6,64]. Other endo-
genous experimental models of LBP have been recently
presented that use injection of saline into spinal liga-
ments [65] and mulitifidus muscles [66]. Models using
DOMS, such as presented in this current study and
others [17-20], may have more clinical validity than
these injection models given that DOMS is non-invasive
and the course of symptoms lasts for days rather than
hours or minutes potentially mimicking LBP for which
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an individual might seek intervention more closely.
There was overlap between reports of pain of the high-
est 50% of participants with DOMS in our study (16 to
68) and the lowest 50% of the patients seeking interven-
tion (0 to 50) [26] suggesting that the model may have
the best comparison to patients with lower levels of
pain and disability.

One important consideration, however, is that pain
related to DOMS is likely to be of shorter duration than
clinical pain. Additionally, pain was generated in this
study in young healthy participants. Given the limited
age range of participants in our study, future work will
examine the development of pain in older adults to
improve the external validity of DOMS as a model of
LBP for which a patient might seek intervention. Other
factors, such as catastrophizing, will need to be included
in follow-up studies to better understand psychological
influence and other work suggests an interaction
between genetic and psychological factors contributes to
pain and disability in the upper extremity [67]. Another
limitation to consider is that we assume that the exer-
cise protocol is the cause of the reported of pain inten-
sity and disability at 24 and 48 hours. Without a group
of participants performing sham exercise or in a control
group we cannot be completely certain that the results
of our study are attributable to participation in exercise.

Conclusions

None the less, our results suggest overlap with clinical
LBP for self-reports of pain as well as demonstrating
association between pain and disability as would be
expected in clinical pain. This model therefore may be
most applicable to younger adults with lower levels of
pain and disability. This work also supports the concept
of multiple factors interacting to explain the develop-
ment of pain and disability in LBP; however larger sam-
ples will be needed to develop a complete model.

Acknowledgements

We acknowledge the assistance of Lauren Bernloehr, Nicholas DiSarro,
Adrienne Driggers and Carlos Riveros during data collection for this study.
This research was supported by a University of Florida Opportunity Fund
grant, and funding from the National Institute of Arthritis and
Musculoskeletal and Skin Diseases (K01 AR054331-01A2). Publication of this
article was funded in part by the University of Florida Open-Access
Publishing Fund.

Author details

'Department of Physical Therapy, University of Florida, Gainesville, Florida,
USA. “Rehabilitation Doctoral Program, College of Public Health and Health
Professions, University of Florida, Gainesville, Florida, USA. *Center for Pain
and Behavioral Health, University of Florida, Gainesville, Florida, USA.
“Department of Clinical and Health Psychology, University of Florida,
Gainesville, Florida, USA.

Authors’ contributions
MDB conceived, and participated in the design of, the study; procured
funding; participated in data collection; performed and interpreted statistical



Bishop et al. BMIC Musculoskeletal Disorders 2011, 12:35
http://www.biomedcentral.com/1471-2474/12/35

analyses; and helped to draft the manuscript. MEH participated in data
collection and helped to draft the manuscript. SZG conceived, and
participated in the design of, the study; interpreted statistical analysis; and
helped to draft the manuscript. MER conceived, and participated in the
design of, the study.

All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 13 August 2010 Accepted: 2 February 2011
Published: 2 February 2011

References

1.

20.

Mantyselka P, Kumpusalo E, Ahonen R, Kumpusalo A, Kauhanen J,
Viinamaki H, Halonen P, Takala J: Pain as a reason to visit the doctor: a
study in Finnish primary health care. Pain 2001, 89(2-3):175-180.
Sternbach RA: Pain and ‘hassles’ in the United States: findings of the
Nuprin pain report. Pain 1986, 27:69-80.

Frymoyer J, Durett C: The economics of spinal disorders. In The Adult
Spine. Volume 1. Edited by: Frymoyer J. Philadelphia: Lippincott-Raven;
1997:143-150.

lJzelenberg W, Burdorf A: Patterns of care for low back pain in a working
population. Spine 2004, 29:1362-1368.

Linton SJ: Do psychological factors increase the risk for back pain in the
general population in both a cross-sectional and prospective analysis?
Eur J Pain 2005, 9(4):355-361.

Graven-Nielsen T, Segerdahl M, Svensson P, Arendt-Nielsen L: Methods for
induction and assessment of pain in humans with clinical and
pharmacological examples. In Methods in Pain Research. Edited by: Kruger
L. Boca Raton: CRC Press; 2001:264-304.

Cook DB, O'Connor PJ, Eubanks SA, Smith JC, Lee M: Naturally occurring
muscle pain during exercise: assessment and experimental evidence.
Med Sci Sports Exer 1997, 29:999-1012.

Dannecker EA, Price DD, Robinson ME: An examination of the
relationships among recalled, expected, and actual intensity and
unpleasantness of delayed onset muscle pain. J Pain 2003, 4(2):74-81.
Nosaka K, Clarkson PM: Muscle damage following repeated bouts of high
force eccentric exercise. Med Sci Sports Exerc 1995, 27(9):1263-1269.

Bajaj P, Graven-Nielsen T, Wright A, Davies LA, Arendt-Nielsen L: Muscle
hyperalgesia in postexercise muscle soreness assessed by single and
repetitive ultrasound stimuli. J Pain 2000, 1:111-121.

Clarkson PM: Exercise-induced muscle damage-animal and human
models. Med Sci Sports Exerc 1992, 24(5):510-511.

Clarkson PM: Eccentric exercise and muscle damage. Int J Sports Med
1997, 18(Suppl 4):5314-317.

Clarkson PM, Hubal MJ: Exercise-induced muscle damage in humans. Am
J Phys Med Rehabil 2002, 81(11 Suppl):S52-69.

Ebbeling CB, Clarkson PM: Muscle adaptation prior to recovery following
eccentric exercise. Eur J Appl Physiol Occup Physiol 1990, 60(1):26-31.
Clarkson PM, Tremblay I: Exercise-induced muscle damage, repair, and
adaptation in humans. J Appl Physiol 1988, 65(1):1-6.

Hjortskov N, Essendrop M, Skotte J, Fallentin N: The effect of delayed-
onset muscle soreness on stretch reflexes in human low back muscles.
Scand J Med Sci Sports 2005, 15(6):409-415.

Soer R, Geertzen JH, van der Schans CP, Groothoff JW, Reneman MF: Can
muscle soreness after intensive work-related activities be predicted? Clin
J Pain 2009, 25(3):239-243.

Soer R, Groothoff JW, Geertzen JH, van der Schans CP, Reesink DD,
Reneman MF: Pain response of healthy workers following a functional
capacity evaluation and implications for clinical interpretation. J Occup
Rehabil 2008, 18(3):290-298.

Udermann BE, Mayer JM, E GJ, Ploutz-Syder LL: Development of an
exercise protocol to elicit delayed-onset muscle soreness in the lumbar
extensors. Int Sports J 2002, Summer:128-135.

Mayer JM, Mooney V, Matheson LN, Erasala GN, Verna JL, Udermann BE,
Leggett S: Continuous low-level heat wrap therapy for the prevention
and early phase treatment of delayed-onset muscle soreness of the low
back: a randomized controlled trial. Arch Phys Med Rehabil 2006,
87(10):1310-1317.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 9 of 10

Denis S, Shannon HS, Wessel J, Stratford PW, Weller I: Association of Low
Back Pain, Impairment, Disability & Work Limitations in Nurses. J Occup
Rehabil 2007, 17(2):213-226.

George SZ, Dover GG, Fillingim RB: Fear of pain influences outcomes after
exercise-induced delayed onset muscle soreness at the shoulder. Clin J
Pain 2007, 23(1):76-84.

Lentz TA, Barabas JA, Day T, Bishop MD, George SZ: The relationship of
pain intensity, physical impairment, and pain-related fear to function in
patients with shoulder pathology. J Orthop Sports Phys Ther 2009,
39(4):270-277.

George SZ, Dannecker EA, Robinson ME: Fear of pain, not pain
catastrophizing, predicts acute pain intensity, but neither factor predicts
tolerance or blood pressure reactivity: An experimental investigation in
pain-free individuals. Eur J Pain 2005.

George SZ, Hirsh AT: Psychologic influence on experimental pain
sensitivity and clinical pain intensity for patients with shoulder pain. J
Pain 2009, 10(3):293-299.

George SZ, Fritz JM, Bialosky JE, Donald DA: The effect of a fear-
avoidance-based physical therapy intervention for patients with acute
low back pain: results of a randomized clinical trial. Spine 2003,
28(23):2551-2560.

Price DD, McGrath PA, Rafii A, Buckingham B: The validation of visual
analogue scales as ratio scale measures for chronic and experimental
pain. Pain 1983, 17:45-56.

Price DD, Harkins SW, Baker C: Sensory-affective relationships among
different types of clinical and experimental pain. Pain 1987, 28:297-307.
Dannecker EA, Hausenblas HA, Kaminski TW, Robinson ME: Sex differences
in delayed onset muscle pain. Clin J Pain 2005, 21(2):120-126.

Fields HL: Pain: an unpleasant topic. Pain 1999, S6:561-69.

Fritz JM, Irrgang JJ: A comparison of a modified Oswestry Low Back Pain
Disability Questionnaire and the Quebec Back Pain Disability Scale. Phys
Ther 2001, 81(2):776-788.

Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT,
Haythornthwaite JA, Jensen MP, Kerns RD, Ader DN, et al: Interpreting the
clinical importance of treatment outcomes in chronic pain clinical trials:
IMMPACT recommendations. J Pain 2008, 9(2):105-121.

McNeil DW, Rainwater AJ: Development of the Fear of Pain
Questionnaire-lll. J Behav Med 1998, 21(4):389-410.

Osman A, Breitenstein JL, Barrios FX, Gutierrez PM, Kopper BA: The Fear of
Pain Questionnaire-Ill: further reliability and validity with nonclinical
samples. J Behav Med 2002, 25(2):155-173.

Woby SR, Roach NK, Urmston M, Watson PJ: Psychometric properties of
the TSK-11: a shortened version of the Tampa Scale for Kinesiophobia.
Pain 2005, 117(1-2):137-144.

Verbunt JA, Seelen HA, Vlaeyen JW, van der Heijden GJ, Knottnerus JA: Fear
of injury and physical deconditioning in patients with chronic low back
pain. Arch Phys Med Rehabil 2003, 84(8):1227-1232.

Verbunt JA, Sieben JM, Seelen HA, Vlaeyen JW, Bousema EJ, van der
Heijden GJ, Knottnerus JA: Decline in physical activity, disability and pain-
related fear in sub-acute low back pain. Eur J Pain 2005, 9(4):417-425.
Vlaeyen JW, de Jong J, Geilen M, Heuts PH, van Breukelen G: Graded
exposure in vivo in the treatment of pain-related fear: a replicated
single-case experimental design in four patients with chronic low back
pain. Behav Res Ther 2001, 39(2):151-166.

Roelofs J, Sluiter JK, Frings-Dresen MH, Goossens M, Thibault P, Boersma K,
Vlaeyen JW: Fear of movement and (re)injury in chronic musculoskeletal
pain: Evidence for an invariant two-factor model of the Tampa Scale for
Kinesiophobia across pain diagnoses and Dutch, Swedish, and Canadian
samples. Pain 2007, 131(1-2):181-190.

Babenko W, Graven-Nielsen T, Svensson P, Drewes AM, Jensen TS, Arendt-
Nielsen L: Experimental human muscle pain induced by intramuscular
injections of bradykinin, serotonin, and substance P. Eur J Pain 1999,
3(2):93-102.

Potter L, McCarthy C, Oldham J: Algometer reliability in measuring pain
thresholds over normal spinal muscles to allow quantification of anti-
nociceptive treatment effects. Internat J Osteopathic Med 2006,
9:113-119.

Graves JE, Pollock ML, Carpenter DM, Leggett SH, Jones A, MacMillan M,

M F: Quantitative assessment of full range-of-motion isometric lumbar
extension strength. Spine 1990, 15(4):289-294.


http://www.ncbi.nlm.nih.gov/pubmed/11166473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11166473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3785965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3785965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15187640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15187640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15979015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15979015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14622718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14622718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14622718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8531624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8531624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1569846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1569846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9391847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12409811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2311590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2311590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3403453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3403453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16293153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16293153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19333175?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19333175?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18404360?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18404360?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17023239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17023239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17023239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17252204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17252204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17277648?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17277648?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19346624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19346624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19346624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16095935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16095935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16095935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16095935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19070551?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19070551?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14652471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14652471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14652471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6226917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6226917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6226917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2952934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2952934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15722804?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15722804?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11175676?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11175676?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18055266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18055266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18055266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9789168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9789168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11977436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11977436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11977436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16055269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16055269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12917865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12917865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12917865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15979022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15979022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11153970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11153970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11153970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11153970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17317011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17317011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17317011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17317011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2141187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2141187?dopt=Abstract

Bishop et al. BMC Musculoskeletal Disorders 2011, 12:35
http://www.biomedcentral.com/1471-2474/12/35

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Robinson ME, Greene AF, O'Connor P, Graves JE, MacMillan M: Reliability of
lumbar isometric torque in patients with chronic low back pain. Phys
Ther 1992, 72(3):186-190.

Dannecker EA, Knoll V, Robinson ME: Sex differences in muscle pain: self-
care behaviors and effects on daily activities. J Pain 2008, 9(3):200-209.
MacIntyre DL, Sorichter S, Mair J, Berg A, McKenzie DC: Markers of
inflammation and myofibrillar proteins following eccentric exercise in
humans. Eur J Appl Physiol 2001, 84(3):180-186.

Armstrong RB: Mechanisms of exercise-induced delayed onset muscular
soreness: a brief review. Med Sci Sports Exerc 1984, 16(6):529-538.

Kuslich SD, Ulstrom CL, Michael CJ: The tissue origin of low back pain and
sciatica: a report of pain response to tissue stimulation during
operations on the lumbar spine using local anesthesia. Orthop Clin North
Am 1991, 22(2):181-187.

Kellgren JH: On the distribution of pain arising from deep somatic
structures with charts of the segmental areas. Clinical Science 1939,
4:35-46.

Kellgren JH: Observations on referred pain arising from muscle. Clinical
Science 1938, 3:175-190.

Cornwall J, John Harris A, Mercer SR: The lumbar multifidus muscle and
patterns of pain. Man Ther 2006, 11(1):40-45.

Umbel JD, Hoffman RL, Dearth DJ, Chleboun GS, Manini TM, BC C:
Delayed-onset muscle soreness induced by low-load blood flow-
restricted exercise. Eur J Appl Physiol 2009, 107(6):687-695.

Dannecker EA, Gagnon CM, Jump RL, Brown JL, Robinson ME: Self-care
behaviors for muscle pain. J Pain 2004, 5(9):521-527.

Selim AJ, Ren XS, Fincke G, Deyo RA, Rogers W, Miller D, Linzer M, Kazis L:
The importance of radiating leg pain in assessing health outcomes
among patients with low back pain. Results with low back pain. Spine
1998, 23:470-474.

Bialosky JE, Bishop MD, Robinson ME, Barabas JA, George SZ: The influence
of expectation on spinal manipulation induced hypoalgesia: an
experimental study in normal subjects. BMC Musculoskelet Disord 2008,
9:19.

Nie H, Arendt-Nielsen L, Madeleine P, Graven-Nielsen T: Enhanced
temporal summation of pressure pain in the trapezius muscle after
delayed onset muscle soreness. Exp Brain Res 2005, 1-9.

Dannecker EA, Koltyn KF, Riley JL, Robinson ME: The influence of
endurance exercise on delayed onset muscle soreness. J Sports Med Phys
Fitness 2002, 42(4):458-465.

Zlatkin MB, Lander PH, Hadjipavlou AG, Levine JS: Paget disease of the
spine: CT with clinical correlation. Radiology 1986, 160(1):155-159.

Wiesel SW, Tsourmas N, Feffer HL, Citrin CM, Patronas N: A study of
computer-assisted tomography. I. The incidence of positive CAT scans in
an asymptomatic group of patients. Spine 1984, 9(6):549-551.

Weinreb JC, Wolbarsht LB, Cohen JM, Brown CE, Maravilla KR: Prevalence of
lumbosacral intervertebral disk abnormalities on MR images in pregnant
and asymptomatic nonpregnant women. Radiology 1989, 170(1 Pt
1):125-128.

Libson E, Bloom RA, Dinari G: Symptomatic and asymptomatic
spondylolysis and spondylolisthesis in young adults. Int Orthop 1982,
6:259-261.

Hitselberger WE, Witten RM: Abnormal myelograms in asymptomatic
patients. J Neurosurg 1968, 28(3):204-206.

Boos N, Rieder R, Schade V, Spratt KF, Semmer N, Aebi M: 1995 Volvo
Award in clinical sciences. The diagnostic accuracy of magnetic
resonance imaging, work perception, and psychosocial factors in
identifying symptomatic disc herniations. Spine 1995, 20(24):2613-2625.
Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW: Abnormal magnetic-
resonance scans of the lumbar spine in asymptomatic subjects. A
prospective investigation. J Bone Joint Surg Am 1990, 72(3):403-408.

Staahl C, Drewes AM: Experimental human pain models: a review of
standardised methods for preclinical testing of analgesics. Basic Clin
Pharmacol Toxicol 2004, 95(3).97-111.

Tsao H, Tuckera KJ, Coppieters MW, Hodges PW: Experimentally induced
low back pain from hypertonic saline injections into lumbar interspinous
ligament and erector spinae muscle. Pain 2010, 150(1):167-172.

Dickx N, Cagnie B, Parlevliet T, Lavens A, Danneels L: The effect of
unilateral muscle pain on recruitment of the lumbar multifidus during
automatic contraction. An experimental pain study. Man Ther 2010,
15(4):364-369.

67.

Page 10 of 10

George SZ, Wallace MR, Wright TW, Moser MW, Greenfield WH, Sack BK,
Herbstman DM, Fillingim RB: Evidence for a biopsychosocial influence on
shoulder pain: Pain catastrophizing and catechol-O-methyltransferase
(COMT) diplotype predict clinical pain ratings. Pain 2008, 136(1-2):53-61.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/12/35/prepub

doi:10.1186/1471-2474-12-35

Cite this article as: Bishop et al:: Self-reported pain and disability
outcomes from an endogenous model of muscular back pain. BMC
Musculoskeletal Disorders 2011 12:35.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
e Convenient online submission
e Thorough peer review
¢ No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
¢ Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BioMed Central
J



http://www.ncbi.nlm.nih.gov/pubmed/1533939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1533939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18088556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18088556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11320633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11320633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11320633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6392811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6392811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1826546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1826546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1826546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16242376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16242376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19727801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19727801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15556831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15556831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9516703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9516703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18267029?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18267029?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18267029?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12391441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12391441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2940618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2940618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6495024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6495024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6495024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2521192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2521192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2521192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6222997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6222997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5643913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5643913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8747239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8747239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8747239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8747239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2312537?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2312537?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2312537?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15447733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15447733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20207187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20207187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20207187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17686583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17686583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17686583?dopt=Abstract
http://www.biomedcentral.com/1471-2474/12/35/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Measures
	Pain intensity, unpleasantness, and location
	Disability
	Pain-related fear
	Pain Sensitivity

	Exercise Protocol
	Analysis
	Effect of DOMS
	Model Validity


	Results
	Effects of DOMS
	Model validity

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


