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ARTICLE INFO ABSTRACT

Keywords: Background: Similar impact on proprioception has been observed in participants with lumbar delayed-onset
Ce_ﬂter of pressure muscle soreness (DOMS) and chronic low back pain (LBP), raising questions about the relevance of lumbar
Pain DOMS as a suitable pain model for LBP when assessing back pain-related postural stability changes.

Postural stability . . o

Trunk Research question: Does lumbar DOMS impact postural stability?

Methods: Twenty healthy adults participated in this experimental study and underwent a posturographic ex-
amination before and 24 to 36 h after a protocol designed to induce lumbar DOMS. Posturographic examination
was assessed during quiet standing on both feet with eyes opened (EO), with eyes closed (EC), and on one-leg
(OL) standing with eyes opened. Postural stability was assessed through center of pressure (COP) parameters
(COP area, velocity, root mean square, mean power frequency) which were compared using repeated measure
ANOVA. Moreover, pain, soreness and pressure pain threshold (PPT) on specific muscles were assessed.
Results: There was a significant main effect of the postural condition on all COP variables investigated. More
specifically, each COP variable reached a significantly higher value in the OL stance condition than in both EO
and EC bipedal conditions (all with p < 0.001). In addition, the COP velocity and the mean power frequency
along the anteroposterior direction both reached a significantly higher value in EC than in EO (p < 0.001). In
contrast, there was no significant main effect of the DOMS nor significant DOMS X postural condition interaction
on any of the COP variables. There was a significant decrease in the PPT value for both the left and right erector
spinae muscles, as well as the left biceps femoris.

Significance: Lumbar DOMS had no impact on postural stability, which contrasts findings in participants with
clinical LBP. Although DOMS induces similar trunk sensorimotor adaptations to clinical LBP, it does not appear
to trigger similar postural stability adaptations.

Delayed-onset muscle soreness

1. Introduction frequently yields decreased muscle function, including weakened

strength, reduced range of motion, and decreased proprioception [5-7].

Delayed-onset muscle soreness (DOMS) can be described as a spec-
trum of discomfort, ranging from slight muscle stiffness to severe inca-
pacitating pain [1]. This sensation can be attributed to the muscular
damage and inflammation induced by eccentric contractions or unusual
intense activities [1,2]. DOMS can persist over the course of several days
[3], typically peaking within 24 to 72 h [1,4]. Additionally, DOMS

Individuals experiencing recurrent or chronic nonspecific low back
pain (LBP) exhibit a decrease in proprioception within their lumbar
muscles, similar to those observed with DOMS [8,9]. Such similarities
coupled with comparable psychological factors such as fear of move-
ment and pain catastrophizing, establish DOMS as a relevant pain model
to effectively replicate the alterations typically observed in clinical LBP
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such as altered postural stability [6,7,10].

According to a recent meta-analysis [11], individuals with chronic
LBP demonstrated a decrease in postural stability. This decrease in
stability, quantified through the displacement of the center of pressure
(COP) during quiet standing, is more pronounced in the absence of vi-
sual cues [11] and persist during more unstable conditions such as the
one-leg (OL) stance condition [12]. These findings could be attributed to
a reduction in proprioceptive feedback originating from the lumbar
muscles [9,13], as the maintenance of stable balance relies on the
integration of sensory inputs from visual, vestibular, and proprioceptive
systems [14].

To explore if lumbar DOMS is a viable pain model for investigating
neuromuscular adaptations associated with clinical LBP, it is essential to
evaluate whether low back DOMS can accurately reproduce clinical
motor adaptations, such as modified postural stability during conditions
involving quiet standing with both eyes open (EO) and eyes closed (EC),
as well as OL stance condition. The primary objective of this study was to
investigate the impact of lumbar DOMS on postural stability, assessed
through the displacement of COP. It was hypothesized that, with lumbar
DOMS, participants will exhibit decreased postural stability during quiet
standing, particularly when visual cues are removed. Additionally, it
was expected that these effects would be more pronounced during
challenging conditions such as the OL stance.

2. Materials and methods
2.1. Participants

Twenty healthy participants (13 males and 7 females) were included
in this experiment (cf. Table 1 for details on the anthropometrical
characteristics). A total of 19 participants was required to achieve a
statistical power of 0.8 and an alpha of 0.05 for a two-way repeated
measures (RM) ANOVA (levels: 3 by 2) with a moderate effect size of f =
0.25. Exclusion criteria were as follows: lumbar or lower limb pain ep-
isodes or injury during the year preceding the experiment, soreness in
the lower limbs or back muscles, and inflammatory arthritis or spinal
surgical history. The project received approval from the Research Ethics
Board for human research of the “Université du Québec a Trois-Rivieres”
N° CER-23-297-07.05 and complies with the principles in the Declara-
tion of Helsinki. All participants gave written informed consent.

2.2. Experimental protocol

Participants participated in two experimental sessions, which were
separated by 24 to 36 h. In the first session, participants completed the
physical activity questionnaire developed by the National Observatory
of Physical Activity and Sedentariness (ONAPS-PAQ) and the Tampa
scale of kinesiophobia (TSK) questionnaires. Following this assessment,
the pressure-pain threshold (PPT) of specific trunk and leg muscles were

Table 1
Anthropometrical characteristics of participants, along with ONAPS-PAQ and
TSK questionnaires.

Outcome Participants (n = 20)
Mean (SD)

Age (years) 26.70 (5.04)

F:M 7:13

Weight (Kg) 66.95 (19.91)

Height (m) 1.73 (0.09)

BMI (kg/m?) 22.33 (5.74)

Leg dominance (R:L) 14:6

ONAPS Physical activity (METs.min/week) 5254.45 (4560.69)

ONAPS Physical activity classification Active +

ONAPS Sedentary behavior (hours/day) 8.46 (3.03)

ONAPS Sedentary behavior classification High level of sedentary behavior
TSK 25.3 (6.44)

TSK classification Low level of kinesiophobia
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measured. Once these different tests were completed, participants were
asked to perform a series of postural conditions on a force plate to
evaluate their postural sway. These tests were followed by the DOMS
protocol. In the second session, participants were asked about the level
of their perceived pain and soreness and performed the same tests as in
the first session, except that the questionnaires and DOMS protocol were
not repeated. (Fig. 1.).

2.3. Questionnaires

Participants completed the validated French version [15] of the
ONAPS-PAQ questionnaire to evaluate their level of physical activity
and sedentary lifestyle during a typical week. Moreover, they completed
the French version of the TSK questionnaire to assess their fear of
movement or injury [16]. Both questionnaires were administered at the
beginning of the first session. The corresponding mean values for both
questionnaires are presented in Table 1.

2.4. Postural conditions

Participants stood upright and barefoot on a force plate (Bertec Corp,
Columbus, OH, USA) that collected the 3D ground reaction forces and
moments. Participants performed the three following postural
conditions:

1. Quiet standing on both feet with EO while keeping their arms by
their sides (EO condition).

2. Quiet standing on both feet with EC while keeping their arms by their
sides (EC condition).

3. OL stand on the dominant leg with EO while their arms are crossed
over their chest (OL condition).

Crossed-arm positioning was introduced in the one-leg stance to
minimize subtle arm movements. This approach has been previously
employed in a previous study involving LBP population [17]. Partici-
pants were explicitly instructed against using arms for stabilization;
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Fig. 1. Flow chart showing the experimental design of the study.



J. Ducas et al.

trials with arm use were discarded. In the quiet standing with EO and EC
conditions, the distance between the two feet corresponded to shoulder
width. In the OL stand condition, the dominant leg was self-reported and
determined based on the leg that participants typically use for kicking a
ball. The non-dominant leg was raised 10 cm from the force plate and
inspected visually throughout the trial. Data from trials, where a loss of
balance or a foot displacement occurred, were discarded. In the two EO
conditions (quiet standing EO and OL stand condition), participants
fixed a target 3 m distant, at eye level. Data acquisition started once the
participants felt ready and stable. A series of three trials in each of these
conditions was performed, with a 30-second rest between each trial.
Each trial lasted 30 s. The order of the conditions was randomized be-
tween participants. Individual position of the feet was contoured on a
sheet of paper covering the force plate. These contours were used to
ensure that the participants returned to the same feet position between
trials, conditions, and sessions under the supervision of the experi-
menters. This protocol has been shown to provide reliable data for
balance ability evaluation [18].

2.5. DOMS protocol

Maximal voluntary isometric contractions (MVCs) of the trunk
extension were first assessed with participants positioned on the testing
apparatus (Fig. 2). In this apparatus, they exerted their MVCs force
against a shoulder-attached belt for five seconds. The belt was connected
to a force gauge (Model LSB350; Futek Advanced Sensor Technology
Inc, Irvine, CA, USA). Participants performed three trials of MVCs with
one-minute rest between. After the three trials and a 5-minute rest,
participants completed the DOMS protocol and were asked to hold an
external load corresponding to 10% of the highest MVCs against their
chest with their arms crossed (see Fig. 2 for more details) [6]. The
procedure consisted of performing five sets, each comprising 20 repe-
titions of trunk flexion and extension exercises, with a 1-minute rest
period between each set. This resulted in a total of 100 repetitions.
Participants received verbal encouragement throughout the entire pro-
tocol. In cases where they encountered challenges in completing a full
set of 20 repetitions, modifications were applied to both the set size and
the rest intervals, ensuring that the overall objective of reaching 100
repetitions was met. All participants successfully accomplished the
target of 100 contractions. Additional information about the DOMS
protocol can be found in our earlier work [6].

3s ECC 1s CON

3sISO
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2.6. Pain and soreness rating

At the beginning of the second session, participants were asked to
score, on a numeric rating scale (ranging from O for no pain/soreness to
10 for maximal pain/soreness), their overall level of perceived pain and
soreness in the lower back and legs. Participants reported mean pain
rating of 0.83 + 1.35 for the back and 0.45 + 0.94 for the legs, as well as
mean soreness rating of 4.10 + 1.55 for the back and 2.65 + 1.98 for the
legs.

2.7. PPT assessment

A hand-held algometer (Model 01163; Lafayette Instrument Com-
pany, Lafayette IN, USA) measured PPT in Erector Spinae (L3 level),
Gluteus Maximus, Biceps Femoris, and Gastrocnemius on both sides. The
right Vastus lateralis served as a control measure for DOMS, expected to
be unaffected by eccentric back extension exercises. Participants lay
prone on a chiropractic table, and the dynamometer applied a constant
force of approximately 1kg/s [6,19]. PPT assessments, known for
consistent between-session reliability [20] were conducted three times
per muscle, with participants reporting the transition from pressure to
pain [10]. The mean values were calculated for each muscle, and
assessment order was randomized between participants, with the same
experimenter palpating and conducting assessments.

2.8. Posturographic analysis

Data treatment. Kinetics data from the force plate were collected at
sampling frequency of 100 Hz and were low-pass filtered at 10 Hz by a
2nd order Butterworth filter in MATLAB (v.2023a; TheMathWorks,
Natick, MA). The anteroposterior (AP) and mediolateral (ML) compo-
nents of the COP displacement (COPap and COPyy, respectively) were
calculated as follows:

COPpp= My / F,
COPyrL= Map/F,

Where F, is the vertical ground reaction force applied to the feet; Ma,
p and My, are the moments of force exerted on the surface of the force
plate along the AP and ML direction, respectively. COP data were used to
calculate the following balance parameters: 95% confidence ellipse area
of COP (in mmz) (Fig. 3. E), COP velocity (in mm.s’l), root mean square
(RMS) (in mm) (Fig. 3. G), and mean power frequency (MPF) (in Hz)
(Fig. 3. H) of COP for both AP and ML directions. These parameters were

Fig. 2. Illustration of the DOMS Protocol (Abboud et al., 2019). Participants were positioned on a 45° inclined Roman chair with their trunk aligned to the ground.
Hip and ankle straps minimizing lower limbs muscle involvement. They executed a 30° trunk flexion over 3 s (eccentric contraction), maintained this position for 3 s
(isometric contraction), and returned to the neutral position in 1 s (concentric contraction). Timing was regulated with a metronome (3-3-1). ECC: eccentric

contraction; CON: concentric contraction; ISO: isometric contraction.
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Fig. 3. Data collection and analysis process. On the upper section of the figure are reported three subplots of data collection. The first subplot (A) shows the bipedal
condition with eyes opened (EO), the second subplot (B) shows bipedal condition with eyes closed (EO), and the third subplot (C) shows the One-leg stand condition
with eyes opened (OL). On the bottom section of the figure, there are five separate data analysis plots of the One-leg condition (n = 1). The initial plot (D) displays the
filtered COP data for both the anteroposterior (AP) direction in red and the mediolateral (ML) direction in blue. The second plot (E) illustrates the displacement of the
COP area and the ellipse area containing 95% of the COP data points. The third plot (F) represents the oscillations of COP data relative to the mean value. The fourth
plot (G) exhibits the root mean square (RMS) of the oscillations used to determine the average RMS value. Finally, the fifth plot (H) shows the fast Fourier transform
of the oscillating data, which is used to calculate the mean power frequency (MPF).

calculated over the entire 30 s trials. COP velocity was calculated by
dividing sway length by the duration of the recording (30 s) in both the
ML and AP axes. The mean COP values along the AP and ML direction
was removed from COP data prior to calculating the RMS and the MPF in
order to assess the magnitude and frequency of fluctuations normalized
by the mean.

2.9. Statistical analysis

Mean values and standard deviations were calculated for each
dependent variable described above. Statistical analyses were per-
formed using SPSS Statistics for Mac, version 28 (SPSS Inc., IBM Corp.,
Armonk, NY, USA). Parametric tests were chosen considering the data’s
normal distribution, which was evaluated through the Kolmogorov-
Smirnov test and visual examination. In cases where the Mauchly test
revealed a departure from the assumption of sphericity, the Green-
house-Geisser correction was used. A within-subject two-way RM
ANOVA was conducted to examine the effect of the postural condition (3
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levels: EO, EC, OL condition) and the DOMS condition (2 levels: 1st
session vs. 2nd session) on the COP variables. Bonferroni post hoc tests
were used as needed. The threshold of significance was set at p < 0.05.
Effect sizes are reported using partial eta-squared (n?). The effect sizes
were classified as small (0.01), medium (0.06), and large (> 0.14).
Pairwise t-tests were used to assess the differences in PPT values be-
tween the 1st session and 2nd session.

3. Results
3.1. Pain sensitivity threshold assessment

Pairwise t-tests showed that PPT was significantly lower in the sec-
ond session (i.e. under DOMS condition) than in the first session
(baseline condition) for the right (p = 0.003) and left Erector Spinae
muscle (p = 0.026), and for the left Biceps Femoris (p = 0.046). Details
on the PPT scores are reported Table 2.
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Table 2
Comparison of pressure-pain threshold (PPT) between the 1st and the 2nd
session.

Site 1st session 2nd session t(df = p-
(Kg) (Kg) 19) value

Right Erector Spinae 7.54 (3.41) 5.76 (3.78) 3.039 0.003
(L3)

Left Erector Spinae (L3) 7.40 (3.50) 6.02 (3.49) 2.075 0.026

Right Gluteus Maximus 6.81 (2.75) 6.57 (2.49) 0.498 0.312

Left Gluteus Maximus 6.32 (2.80) 6.04 (2.60) 0.648 0.262

Right Biceps Femoris 7.52 (2.64) 6.71 (2.58) 1.549 0.069

Left Biceps Femoris 7.32(3.20) 6.46 (2.88) 1.743 0.049

Right Lateral 6.92 (3.06) 7.50 (3.25) -0.854 0.202
Gastrocnemius

Left Lateral 5.53 (2.78) 6.72 (2.79) -0.390 0.350
Gastrocnemius

Right Vastus Lateralis 7.34 (3.28) 7.05 (3.17) 1.057 0.152

*Statistically significant results are highlighted in bold

3.2. Posturographic analysis

RM ANOVA showed that there was a significant main effect of the
postural condition on all COP variables investigated: COP area (Fo 3s =
141.915, p < 0.001, partial n?> = 0.882), COP velocity along the AP
(Fa,38 = 208.309, p < 0.001, partial n? = 0.916) and ML direction (Fo,38
= 439.016, p < 0.001, partial n? = 0.959), RMS along the AP (F3 33 =
141.460, p < 0.001, partial n? = 0.882) and ML (Fo,38 = 325.797,
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p < 0.001, partial n? = 0.945) direction, and MPF along the AP (Fo,38 =
58.421, p < 0.001, partial n? = 0.755) and ML (Fo,338 = 57.049,
p < 0.001, partial n? = 0.750) direction. Post hoc tests on the main effect
of conditions further revealed that each of these COP variables reached a
significantly higher value in the OL stance condition than in both the
bipedal EC and EO stance conditions (all with p < 0.001). In addition,
the COP velocity and the MPF along the AP direction both reached a
significantly higher value in the bipedal stance EC condition than in the
bipedal stance EO condition (p < 0.001). Details of the post hoc test are
reported in Fig. 4. In contrast, RM ANOVA showed that there was no
significant main effect of DOMS nor significant DOMS X postural con-
dition interaction on any of the COP variables investigated.

4. Discussion

The primary aim of this study was to evaluate the effect of lumbar
DOMS on postural stability conditions in healthy participants. Our
initial hypothesis was that participants would demonstrate decreased
postural stability following the induction of lumbar DOMS with a more
pronounced effect during conditions of greater instability. As antici-
pated this study showed an increase in postural sway when the insta-
bility of the condition increases which is consistent with previous work
[21]. However, contrary to our initial hypothesis, we did not observe
any noticeable effect of DOMS on any COP measures of postural stability
in either of the conditions. Thus, participants demonstrated adaptive
stability strategies under unstable conditions characterized by an
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Fig. 4. Impact of the postural conditions and DOMS on the center of pressure (COP) variables. COP Area (mm?), Velocity (mm.s 1), root mean square (RMS) (mm),
mean power frequency (MPF) (Hz) of the COP for both anteroposterior (AP) and mediolateral (ML) direction and both sessions. 1st session in green and 2nd session
(with DOMS) in blue. Reported are means and SD (all participants together). EO: quiet standing with eyes opened; EC: quiet standing with eyes closed; OL: One-leg
stand condition with eyes opened. * : differences between postural conditions (P < 0.001). Note that there was no effect of DOMS on any COP variables.
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increase in the COP sway while maintaining balance whether DOMS was
present or not.

4.1. Impact of DOMS

The present results showed that the lumbar DOMS protocol yielded
mild pain and moderate soreness in the lumbar region, which is partially
consistent with previous studies [6,7,10]. Participants in this study re-
ported lower LBP scores compared to other studies using the same
protocol [6,7]. Such results may be explained by the high activity levels
reported by participants, ranking them as "Active+ ." Regular physical
activity and frequent DOMS experiences may have led them to perceive
DOMS sensations as less painful. In fact, athletes often have a higher
pain tolerance [22] and might possess a greater ability to distinguish
between pain and soreness due to their awareness and more frequent
exposure to DOMS.

This study found no significant impact of DOMS on parameters such
as COP area, velocity, RMS, and MPF along both AP and ML direction.
Similar results on postural stability have also been observed with DOMS
in other muscles, such as knee flexors and extensors [23,24]. One study
observed that DOMS in the knee extensor and flexor muscles led to shifts
in movement patterns of the pelvis without modification of COP mea-
sures during quiet standing with EO and EC [23]. Similarly, another
study inducing hamstring DOMS found no significant modifications in
the COP parameters during OL stand condition [24]. The authors sug-
gested that the hip joint multiple degrees of freedom could potentially
compensate for any functional deficits caused by hamstring pain [24].
Similar results have been observed with other types of postural pertur-
bation such as induced hypomobility of the lower limb which triggers
motor adaptation to maintain stability [25]. DOMS-related disability
impact on postural stability may therefore be compensated by the col-
lective contributions of the hip, knee, and ankle joints, especially in
unipedal postures. Postural stability during standing can be maintained
by two control mechanisms: 1) moving the COP within the base of
support (M1), and 2) counter-rotating segments around the center of
mass (M2) [26,27]. The present study has only focused on M1 through
COP parameters as this mechanism has recently been shown to explain
90% (on average) of the whole-body center of mass acceleration in
bipedal postures [26]. However, the contribution of M1 has also been
shown to explain only 60% of the center of mass acceleration in more
challenging postures, such as unipedal with eyes open, the remaining
percentage being explained by M2. It is therefore not excluded that
DOMS induced a major change in M2 (e.g. a change in the collective
contributions of the hip, knee, and ankle joints) in the more challenging
postures. Such change could, however, not be revealed in the present
analysis focusing on “classical” COP parameters. Also, it is not excluded
that contributions from M1 and M2 changed with DOMS in both the
bipedal and unipedal standing conditions. Further analyses of the force
plate signals are required to test these hypotheses [27].

4.2. Postural stability changes in lumbar DOMS and chronic LBP

Although the absence of a significant impact of DOMS on postural
stability observed in this study is similar to findings from earlier studies
involving participants with clinical LBP [28,29], recent findings from a
meta-analysis [11] found that individuals with chronic LBP exhibit an
increase in postural sway. This includes changes in various parameters,
such as COP amplitude, displacement, area, and dispersion, along both
the AP and ML directions during quiet standing conditions.

This contrast between our findings and the meta-analysis results
could potentially be attributed to variations in how proprioception is
modulated by chronic pain versus acute DOMS. The decrease in pro-
prioception associated with DOMS [5,7] is believed to result solely from
the nociceptive input [5,23], leading to decreased motor cortex excit-
ability [30] resulting in a reduction of motor output, thereby negatively
affecting proprioception [5]. Conversely, the decrease in proprioception
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in chronic LBP is believed to originate from numerous factors. These
factors include muscle fatigue [31], which can be attributed to the
decrease in muscle quality observed in individuals with LBP [32].
Additionally, the intensity of pain [33], and psychological factors such
as movement-related fear [34] and functional disability [35] can also
contribute to this reduction in proprioception.

Moreover, the disparity in pain intensity between the meta-analysis
and our study may also contribute to this difference. Subgroup analysis
conducted within the meta-analysis found more pronounced effect sizes
when perceived pain intensity was higher than the median value (4.73/
10) across all studies included [11]. Hence, the low level of pain in this
study (0.83/10 £ 1.35) could explain these different findings. Indeed,
pain can impact the function and transmission of mechanoreceptors
[36] as well as the central modulation of proprioceptive spindles in
muscles [37]. These disruptions in proprioceptive information hamper
the accuracy of sensory integration processes, prolonged latency by
reducing muscle spindle feedback, and reduced ability for real-time
corrections [38], which could result in compensatory shifts in the
COP. The magnitude of these disturbances is likely influenced by the
intensity of pain, as demonstrated by research that has shown that
greater pain intensity induces higher postural sway velocity in both AP
and ML directions, as well as an increased sway area of the COP [33].

4.3. Limitation

This study has limitations. Lumbar DOMS protocol triggers DOMS
not only in the lumbar region but also in the entire posterior chain,
including the lower limb muscles which could have influenced the re-
sults. Nevertheless, this factor was controlled by measuring the PPT in
the leg regions and inquiring about sensations of pain and soreness.

Moreover, it is possible that participants employed local adaptive
strategies, such as using hip, trunk, or ankle adjustments to preserve
stability in both unstable balance conditions and under DOMS influence.
The contribution of such local strategies requires further analysis of the
force plate signals [27]. Additionally, results must be interpreted with
caution, as their applicability might be more relevant to a younger
population, given our specific age group.

5. Conclusion

In conclusion, this study investigated the impact of lumbar DOMS on
postural stability in healthy individuals and the relevance of DOMS as a
pain model for clinical LBP. The results revealed no impact of lumbar
DOMS on COP measures of postural stability. Although DOMS induces
similar trunk sensorimotor adaptations to clinical LBP, it does not
appear to trigger similar postural stability adaptations.
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