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Abstract

Context: General neck pain is a prevalent complaint made
by patients to their physicians and is often of a suspected
musculoskeletal origin. Osteopathic manipulative treatment
(OMT) is a form of manual therapy utilized by osteopathic
physicians and some allopathic physicians to treat a broad
variety of musculoskeletal ailments, including neck pain. Bio-
Electro-Magnetic Energy Regulation (BEMER) is an emerging
therapeutic modality that deploys a biorhythmically defined
stimulus through a pulsed electromagnetic field and has been
shown to reduce musculoskeletal pain. Studies on these
treatments have independently yielded promising results.
Therefore, it is possible that the utility of OMT andBEMER can
produce an additive improvement in the treatment of neck
pain.
Objectives: The objectives of this study are to investigate
the individual and combined effects of OMT and BEMER
therapy on neck pain in adults.
Methods: Adults with nonspecific neck pain were recruited
for the study. A total of 44 participantsmet the study inclusion
criteria and were randomized into one of four study groups:
OMT-only, BEMER-only, OMT+BEMER, or CONTROL (light
touch and sham). Forty subjects completed the study, and data

for 38 participants were included in our analyses. An OMT
and BEMER protocol were specifically designed for this study
under the guidance of a licensed osteopathic physician. Par-
ticipants underwent intervention for a duration of 3 weeks.
Data were obtained through baseline and postintervention
assessments utilizing three surveys: Neck Disability Index
(NDI), Visual Analog Scale (VAS), and Short Form 12-item
Health Survey (SF-12, divided into Mental and Physical). One-
way analysis of variance (ANOVA) analysis was performed
retrospectively on pre- and postintervention absolute means
between study groups. Significance was set at p<0.05.
Results: One-way ANOVA analysis demonstrated a statisti-
cally significant difference in pre- vs. postinterventionmean
scores between BEMER and CONTROL (p<0.05), BEMER
compared to OMT (p<0.005), and BEMER compared to
BEMER+OMT (p<0.05), in the NDI. The OMT+BEMER group
reported an average reduction in pain on the VAS of 21.3
(±29.3) points, or a 65.0 % reduction of pain. A similarly
substantial decrease in pain was reported in the BEMER
study group, which showed a 46.2 % reduction in pain from
baseline. TheOMTandCONTROL study groups only reported
a 2.9 and 23.9 % decrease, respectively. The BEMER and
OMT+BEMER study groups also demonstrated a reduction in
subjective reporting on the NDI, by 53.8 and 26.3 %, respec-
tively. The BEMER study group also achieved the most sub-
stantial improvement in mental and physical well-being as
reported by the SF-12.
Conclusions: Study arms that incorporated BEMER yielded
improvements on the NDI, VAS, and SF-12, indicating bene-
fits to BEMER regarding improved overall functionality in
routine daily activities as well as a reduction in nonspecific
neck pain. Perceived pain, as demonstrated on the VAS, was
seemingly improved in an additive fashion from the BEMER
group to the OMT+BEMER group, although the results did
not achieve statistical significance. Further study with
greater participation could provide additional insight.
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Neck pain is defined by the Global Burden of Health 2010
Study as “pain in the neck with or without pain referred to
one or both upper limbs that lasts for at least one day.” [1] It
has been estimated that 66 % of the population will suffer
from neck pain at some point during their lifetime, and neck
pain has been reported as the fourth leading cause of
disability worldwide [2]. There is considerable variation in
the reported prevalence rates of neck pain, most likely
because of differences in the definition of neck pain and the
lack of homogeneity in the studies [3]. The currently avail-
able studies suggest that the one-year estimated incidence of
neck pain ranges between 10.4 and 21.3 %, with a higher
incidence noted in computer and office workers [4]. The
prevalence of neck pain ranges from 10 to 20 %, and themost
common cause of neck pain in adults stems from degener-
ative changes in the cervical spine [4]. Most cases of neck
pain tend to run an episodic course over one’s lifetime, thus
relapses are relatively common.

The differential diagnosis for neck pain is extensive, and
amethodical approach is essential to rule out potentially life-
threatening conditions [5]. The vast majority of neck pain is
not due to organic pathology, and thus, has been termed
“nonspecific” or “mechanical.” [6] Interventions available to
manage neck pain include analgesics, physiotherapy,
educational modalities, exercise, and manual therapy [6].
Although useful in acute, short-term reduction of pain,
analgesic therapy such as nonsteroidal anti-inflammatory
drugs (NSAIDs) produces the significant side effects of
gastrointestinal bleeding, dysfunction of renal homeostasis,
and cardiovascular events [7]. The use of opioids, although
helpful in acute, short-term pain relief, carries significant
risk of opioid dependence and hyperalgesia syndromes [7].

Osteopathic manipulative treatment (OMT) is a funda-
mental skill set that osteopathic physicians acquire early
during their medical training and is widely utilized among
practicing osteopathic physicians to treat neck pain and
other musculoskeletal complaints [8]. OMT is a unique,
hands-on treatment modality utilized by osteopathic physi-
cians to augment the conventionalmanagement of neck pain
and has been shown to demonstrate favorable outcomes in
the treatment of neck pain [9–11].

In addition to conventional treatment modalities, Bio-
Electro-Magnetic Energy Regulation (BEMER) therapy (BEMER
International AG) has emerged as a proposed therapeutic op-
tion. BEMER therapy utilizes a biorhythmically defined stim-
ulus through a pulsed electromagnetic field. The assumed
therapeutic mechanism of action for an electromagnetic field

is the ion cyclotron resonance effect, through modulation of
ion bindings, an effect on free radicals, and an effect on heat
shock proteins [12]. BEMER devices operate with unique pa-
rameters and are postulated to have a primary effect of
improving tissue microcirculation [12, 13]. BEMER therapy
leads to an increase in the number of open capillaries, vaso-
motion of micro vessels, arteriovenous oxygen difference,
arteriolar and venular flow volume, and a flow rate of red
blood cells in a specific microcirculatory area [14]. Multiple
studies have demonstrated positive results in musculoskeletal
pain management with the utilization of BEMER therapy
[15–18]. One study in particular demonstrated a potential ad-
ditive, subjective decrease in reported back pain and
improved functional ability after treatment with both OMT
and BEMER therapy [19].

The musculoskeletal, lymphatic, and fascial concepts of
OMT have long been comprehensively and collectively pro-
posed as the mechanisms by which the therapy alleviates
common musculoskeletal ailments [20, 21]. The existing
literature suggests benefit from OMT, however, the need for
further exploration ofmanual therapy remains [9–11, 19, 22].
As previously discussed, BEMER therapy can reduce
musculoskeletal pain via enhanced microcirculation.
Therefore, it is plausible that the combination of OMT and
BEMER therapy may potentially enhance circulation to the
vascular beds in myofascial tissue and could substantially
reduce neck pain. The objective of this study was to assess
the individual and combined effects of OMT and BEMER
therapy in patients with nonspecific neck pain.

Methods

This study was approved by the Lake Erie College of Osteopathic Med-
icine Institutional Review Board (Protocol 26-164). Before the study
began, written and informed consent was obtained from all research
participants. The authors did not prospectively submit this study to a
clinical trial registry, but it was registered post hoc at ClinicalTrials.gov
(NCT05889039).

Participantswere assigned a unique, de-identified number, and the
Microsoft Excel RANK function was utilized to randomize participants
into each of the four treatment groups: OMT, BEMER, OMT+BEMER, and
CONTROL. The final participant breakdown is shown in Figure 1.

Study participants

A standardized recruitment email was sent in September of 2019 to all
faculty, staff, and students at amedical college. No inclusion or exclusion
criteria were applied at the time of the recruitment email. A total of 63
volunteers responded and were screened for eligibility based on in-
clusion and exclusion criteria at the time of receiving the informed
consent.
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The inclusion criteria required participants to be currently expe-
riencing nonspecific neck pain for at least 2 weeks. Participants were
excluded if they were unable to provide informed consent, were
currently pregnant, or had a positive screening test (Spurling’s and
Wallenberg tests). Participants were also excluded if they had a known
medical history of: psychiatric conditions; skin disorders or open
wounds; fasciitis or fascial tears; myositis; neoplasia; bone fracture;
osteomyelitis; osteopenia; osteoporosis; coagulation abnormality; deep
vein thrombosis; adrenal diseases or syndromes; numbness, tingling, or
weakness in the upper extremities; acute respiratory infection; immu-
nosuppressive syndromes or therapies; radiation or chemotherapy
within the previous 3 years; lupus; congestive heart failure; body mass
index greater than 30; medication changes or asthma exacerbations
within the last 4 weeks; anticoagulant therapy; autoimmune diseases;
known sensitivity to carotid sinus reflex; advanced carotid disease; or
Down syndrome. Participants were excluded if they received any
external manual intervention, physical therapy, chiropractic therapy,
or massage therapy. Awareness of study group assignment also
excluded participants from continuing in the study.

Among the 63 participants who responded, 44 met the inclusion
criteria. Each of the 44 participants were randomly assigned to one of
four study groups: OMT-only, BEMER-only, OMT+BEMER, or CONTROL
(light touch and sham) utilizing the Microsoft Excel RAND and RANK
functions. The participants in each study groupwere not made aware of
the other treatment arms. Four subjects withdrew from the study. Forty
subjects completed the study, and data for 38 of these subjects (excluding
data for two participants in the CONTROL group) are included in our
analyses.

Treatment groups

The duration of the intervention was 3 weeks. During that time, par-
ticipants in the OMT group received OMT treatment three times per
week, and those in the BEMER group received treatment five times per
week. Participants in the OMT+BEMER group received three OMT
treatments and five BEMER treatments weekly, and those in the

CONTROL group received three light-touch OMT and five sham-BEMER
treatmentsweekly. The frequency of both OMT and BEMER therapywas
modeled after a previously published study that was performed to
evaluate the individual and combined effects of BEMER therapy and
OMT on low back pain [19]. There were 10 participants in each of the
OMT group, BEMER group, and OMT+BEMER group, and eight partici-
pants in the CONTROLgroup. One subjectwas removed due to treatment
by a chiropractor during the intervention phase. Another subject was
removed due to awareness of inclusion in the CONTROL study arm.

Assessment and treatment protocols

A standardized osteopathic assessment and treatment protocol for
neck pain was developed with a board-certified neuromusculoskeletal
medicine (NMM)/OMM osteopathic physician (N.M.). The osteopathic
structural examination andmotion testing focused on the cervical and
upper thoracic spine, temporomandibular joint, and first rib to di-
agnose dysfunctions commonly associated with neck pain. Second-
year osteopathic medical students (N.D., G.P., M.D., S.B., B.B., T.S., and
D.P.) were trained and assessed by a board-certified NMM/OMM
osteopathic physician (N.M.) to ensure uniform technique on the
standardized protocol that was developed for each group. Each
participant received a standardized osteopathic structural examina-
tion and diagnosis of somatic dysfunctions during each treatment
session. If a somatic dysfunction was not found, the associated treat-
ment protocol for that area was not performed.

The students performed the following examination protocol for
each session and recorded the findings on a standard form:
– Observe and palpate cervical and thoracic muscles for tenderness,

asymmetry, restriction of motion, and tissue texture (TART)
changes

– Perform atlanto–occipital (OA) joint, atlanto–axial (AA) joint, cer-
vical vertebrae 2–7 (C2–C7), and thoracic vertebrae 1–4 (T1–4)
intersegmental diagnosis

– Assess the temporomandibular joint (TMJ) by opening and closing
the jaw

Figure 1: Diagrams demonstrating the
randomization of participants into study
group.
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– Perform counterstrain tender-point screening for the following
muscles: Medial pterygoid, Anterior C7, Anterior C8, and Posterior
C1 inion

– Assess for a first-rib somatic dysfunction

Treatment was provided after the osteopathic structural exami-
nation sequence was performed and recorded. Participants receiving
OMT were treated with a standardized sequence to the areas where
somatic dysfunctions were found:
– Suboccipital release (constant inhibitory pressure), supine
– Cervical contralateral traction, supine
– Upper thoracic spine unilateral soft tissue pressure, prone
– Thoracic inlet/outlet myofascial release (direct or indirect), supine
– OA, AA, C2–7 somatic dysfunction muscle energy (postisometric

relaxation), supine
– T1–4 somatic dysfunction muscle energy technique (post-isometric

relaxation), seated,
– First-rib elevation dysfunction articulation, seated
– Submandibular myofascial release (direct or indirect), supine
– Counterstrain technique for the following muscles/locations:

Medial pterygoid, Anterior C7, Anterior C8, and Posterior C1 inion

Participants receiving BEMER therapy laid supine on the BEMER
mat (BEMER International AG, Carlsbad, CA). The BEMER was set at
intensity 3 for week 1, intensity 4 for week 2, and intensity 5 for week 3.
The B.Pad (BEMER International AG) was placed under their cervical
region. B.Pad settings were set at Program 1 (8 min long) in week 1
through week 3. These settings were selected based on the manufac-
turer’s recommendations. OMT was performed before BEMER therapy
for those in the combined group.

Participants in the CONTROL group received light-touch and
BEMER sham treatments. Researchers placed their hands lightly on the
subject’s cervical paraspinal muscles in the supine position and on the
upper thoracic paraspinal muscles in the prone position for approxi-
mately 5 min. This was done to mimic myofascial release techniques;
however, no pressure or action was done. In addition, the subjects laid
supine on the BEMER mat (as they would do during a BEMER session),
but the device was not activated.

Outcome assessment

At the first session (immediately prior to the intervention) and at the last
session (immediately after the final intervention), the participants were
required to fill out validated surveys. The three surveys utilized were
the Neck Disability Index (NDI), Short Form 12-item Health Survey
(SF-12), and Visual Analog Scale (VAS) [23–25]. The NDI, VAS, and SF-12
were completed electronically. The NDI is a questionnaire that provides
information as to how neck pain has affected the subject’s ability to
manage in everyday life. The SF-12 is a self-reported survey that mea-
sures the effects of health on daily activities; results of this survey are
computed to yield both a ‘SF12-Physical’ and ‘SF12-Mental’ score based
on responses to a single survey. The VAS is a 100mm line that measures
the participants’ subjective pain from “no pain” to “pain as bad as it
could possibly be.”

The data were organized to represent average means scores at
preintervention and postintervention for each of the four outcome
measures:
– Visual Analog Scale (VAS)
– Neck Disability Index (NDI)

– SF12 – Physical Component
– SF12 – Mental Component

Blinded analysis of all data occurred after the conclusion of our
3-week intervention period. All responses were de-identified. Absolute
changes in questionnaire scores from preintervention to post-
interventionwere calculated for each participant. A one-way analysis of
variance (ANOVA) was utilized to determine any statistical significance
between the mean changes in the four groups. Normal distribution and
equal variances were confirmed by Shapiro–Wilk test and Brown–
Forsythe test, respectively. Significancewas set at p<0.05, and values are
presented as means±standard deviation (SD).

Results

There were 40 participants that completed this study. Data
from 38 participants were randomized into an OMT group
(n=10; 25.4±2.4 years), BEMER group (n=10; 25.1±2.0 years),
OMT+BEMER group (n=10; 24.8±1.8 years), and CONTROL
group (n=8, 25.0±1.8 years) and were utilized in the final
analysis. Among the 38 participants studied, 73 % identified
as female and 27 % as male. The breakdown per group was:
OMT group (70 % female), BEMER group (80 % female), and
OMT+BEMER group (70 % female). Preintervention mean
scores for all groups are shown in Table 1. One-way ANOVA
analyses showed that the preintervention mean values
were not statistically different between the groups
(Table 2).

Data from the outcome measurements are shown in
Figure 2. One-way ANOVA analysis from the NDI scores
demonstrated a statistically significant difference in pre- vs.
postintervention mean scores between BEMER (−9.8±2.9)
compared to OMT (−1.8±2.7; p<0.001), CONTROL (−2.8±4.1;
p<0.005), and OMT+BEMER (−4.0±4.3; p<0.01). The BEMER
study arm also produced the greatest improvement in NDI
scores in general (Figure 2A). Of note, data from one subject
in the BEMER study group were removed due to an error in
the completion of the NDI survey.

One-way ANOVA analyses showed that absolute-change
values (pre- vs. postintervention) were not statistically
different between the groups in the VAS scores, SF12--
Physical, and SF12 Mental components (p>0.05). That said,
the greatest improvement in pain after intervention as
measured by the VAS was seen in the OMT+BEMER study
group (Figure 2B). OMT+BEMER demonstrated a substantial
improvement in subjective pain measurement after inter-
vention (21.3±29.3), which correlates to a 65.0 % decrease in
pain postintervention. The BEMER study group also
demonstrated a substantial improvement in participant
pain (8.0±6.3; 46.2 %). Data from one subject in the BEMER
study group was removed due to an error in the completion

4 Palmer et al.: Effects of OMT and BEMER therapy on neck pain



of the VAS survey. Although there were no statistically sig-
nificant differences between groups, these results could
potentially have very important clinical implications in the
treatment and management of nonspecific neck pain.

The BEMER study arm demonstrated the greatest
improvement in SF-12 Physical reporting, with an average
improvement in scoring of 3.8 (±4.8) points from pre-to
postintervention. The CONTROL study arm produced an
improvement of 1.4 (±7.8) points from pre-to post-
intervention. Finally, the OMT and OMT+BEMER group
produced an improvement of only 0.5 (±10.9) and 0.8 (±9.2)
points, respectively (Figure 2C).

Of note, only the CONTROL study group demonstrated
a negative percentage change in the SF-12 Mental, indi-
cating a decrease in mental well-being after intervention
(Figure 2D). Otherwise, the BEMER study arm produced the
greatest improvement in the SF-12 Mental scoring with an
increase of 10.8 (±22.4) points. The OMT and OMT+BEMER
study arms produced a similarly substantial increase in
mental well-being after intervention, with an average
improvement of 10.4 (±22.5), or 34.3 %, and 5.1 (±10.1), or
17.7 %, respectively.

Discussion

General musculoskeletal pain, including neck pain, is a
common medical complaint made by patients to their
physician. As with many ailments of musculoskeletal origin,
there is often no single, identifiable cause that can be
entirely defined by imaging or laboratory analysis. A diag-
nosis, and thus a treatment plan, is ordinarily clinical. The
nature of this process therefore entails multiple treatment
options, often utilized in conjunction. Two options are OMT
and BEMER therapy. This study evaluated the individual and
additive effects of these two treatment options for adults
with generalized neck pain.Ta
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Table : Paired t test pre- vs. postintervention.

Groups Visual
Analog Scale
(VAS)

Neck Disability
Index (NDI)

SF-
Physical

SF-
Mental

OMT (n=) NS NS NS NS
BEMER (n=) p<. p<. p<. NS
OMT+BEMER
(n=)

p<. p<. NS NS

Placebo (n=) NS NS NS NS

BEMER, Bio-Electro-Magnetic Energy Regulation; NDI, Neck Disability
Index; NS, Not Statistically Significant; OMT, Osteopathic Manipulative
Therapy; SD, Standard Deviation; SF, Short Form -Item Health Survey;
VAS, Visual Analog Scale.
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Auniquefinding of this study is that the BEMER study arm
produced a statistically significant reduction in pre- to post-
intervention mean scores on the NDI compared to mean score
changes in the CONTROL group. This result suggests that the
use of BEMER therapy improved the participants’ abilities to
perform daily activities via a reduction in pain as well as po-
tential improvement in functional parameters such as range of
motion and decreased somatic dysfunction. The confirmation
of the statistical significance of these findings further con-
tributes to the theory that BEMER therapy has the potential to
reduce generalized neck pain as well as to improve the daily
ability to function in patients with neck pain [14, 17].

Another unique finding of this study is that both study
arms incorporating BEMER therapy demonstrated substantial
improvements in mean survey scores on the NDI and the VAS.
The NDI evaluates a patient’s overall functionality in routine
daily activities such as driving, sleeping, work, and so on [25].
We cannot directly align the findings of this study to that of
other studies due to differing outcomemeasures. However, it is
possible that the proposed mechanisms of tissue healing, as
well as recovery and microvascular clearance, might play a
substantial part in the overall mechanisms of musculoskeletal
neck pain [12–18]. Similarly, the significant improvement in
neckpainasdemonstratedby the reduction inpostintervention

Figure 2: (A) Neck Disability Index (NDI) score changes from baseline. There were statistically significant differences (†) between BEMER (−9.8±2.9)
compared to OMT (−1.8±2.7; p<0.001), CONTROL (−2.8±4.1; p<0.005), and OMT+BEMER (−4.0±4.3; p<0.01). (B) Visual Analog Scale (VAS) score changes
from baseline. There were no statistically significant differences between the groups on the (C) Short Form-12 (SF-12) questionnaire physical component
score changes from baseline. Therewere no statistically significant differences between the groups. (D) In the Short Form-12 (SF-12) questionnairemental
component score changes from baseline, there were no statistically significant differences between groups. All values shown are absolutemean changes
from preintervention to immediately after 3-week treatment intervention (±standard deviation [SD]).
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VASmean scores suggests that, alongwith improved functional
status, BEMER therapy may also reduce pain.

Theprimaryproposal of this studywas that a combination
of OMT and BEMER could yield a benefit to a patient in an
additive fashion. Auger et al. [19] studied the additive benefit of
OMT and BEMER on low back pain. Utilizing a similar treat-
ment protocol and outcome measures, their study demon-
strated a potential additive improvement in low back pain,
particularly in survey responses to the VAS, although this was
not found to be statistically significant [19]. Our study
demonstrated a similar additive reduction in neck pain, as
evident by a substantial reduction in the VAS. The OMT-only
and BEMER-only study arms achieved a 2.9 and 46.2 %
decrease in mean survey responses, respectively. The OMT+-
BEMER group achieved a 65.0 % change in mean VAS scores.
The BEMER group also achieved a statistically significant
improvement in pre- to postintervention means compared to
the CONTROL. We suspect that further investigations might
indicate favorable utility of OMT+BEMER compared to indi-
vidual therapies, as demonstrated by improvements in the
mean VAS scores and reporting on the NDI. As such, further
studies may be able to shed light on the patient’s perception of
painwhen combining these therapies. The utility of combined
OMT and BEMER therapy could yield improved patient out-
comes as well as reduced healthcare costs.

Limitations

Variability with multiple practitioners is always a poten-
tial challenge. Although there is some inevitable variability
when several practitioners provide the treatment, all OMT
was provided by second-year medical students who un-
derwent over 10 h of training, along with baseline com-
petency in OMT. Continuity between the participant and
practitioner was not always feasible due to scheduling
restraints.

The provision of treatment by second-year osteopathic
medical students represents another limitation of this study.
It is likely that there were certain components of the results,
particularly the minimal beneficial effect of OMT seen re-
flected in the data, that were related to the relative inexpe-
rience of student providers. The medical students underwent
extensive training by a board-certified NMM/OMM osteo-
pathic physician, and were frequently re-evaluated as the
study progressed; however, the results could certainly be
strengthened if they are replicated by experienced osteo-
pathic providers.

One important consideration in theanalysis of theNDI and
VAS data is that the population of subjects selected could have
begun treatment at a lower baseline NDI and VAS than the

general population. Although therewas limited researchon the
average NDI and average reporting of pain on the VAS for
comparison, the population of the majority of students in their
20s could have decreased the likelihood of producing a more
substantial change from baseline. Due to their potentially
lower experience of disability and pain, it would take more
intervention for there to be a significant drop in neck pain and
impaired functionality. Similarly, baseline health status may
vary significantly between participants, and further analysis of
individual survey responses may provide useful insight.

Additionally, the heightened awareness and caution of
COVID-19 during the completion of the study created some
challenges during the intervention period. Two participants,
who were far along in their course of treatment/control,
experienced a gap in treatments due to potential exposure to
COVID-19. Although the course was completed in its entirety,
it is possible that this gap as well as potential infection
interfered with the results of the surveys provided.

Future studies

There remains a need for further investigation. Particularly,
a larger sample size of participants is preferred. There is an
additional need to evaluate the variety of neck pain ailments
(acute, chronic, and acute-on-chronic) and accompanying
symptoms, and how targeted protocols of treatment might
be utilized to achieve more specific goals of treatment.
Future studies, utilizing the study protocols defined in the
present investigation, may shed further light on the appli-
cability of OMT and BEMER therapy for a variety of
musculoskeletal complaints. Data from this study might also
be valuable for analysis in conjunction with data gathered
from other studies utilizing this protocol, such as a previ-
ously coordinated study of a similar protocol for the study of
OMT and BEMER on low back pain [19].

Conclusions

This study compared the individual and combined effects
of BEMER therapy and OMT for the treatment of neck pain
in adults. The study arms that incorporated BEMER ther-
apy yielded substantial improvement on both the NDI and
the VAS. This indicates the benefit to BEMER therapy
regarding overall functionality in routine daily activities
in the setting of generalized neck pain. Additionally, the
OMT+BEMER study arm demonstrated the greatest
reduction in mean scores on the VAS, which gauges a
person’s perceived pain.
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