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Abstract
Context: Osteopathic manipulative treatment (OMT) and
mindfulness-based interventions are both efficacious pain
management strategies. Combining these two therapeutic
approaches may offer added benefits to pain patients.
Objectives: To determine whether engaging in a
mindfulness-based intervention before an OMT session
improved OMT session outcomes.
Methods: Patients seeking OMT care from a single osteopathic physician at an integrative health clinic were
recruited for this pilot randomized, controlled trial at an
academic hospital. All patients scheduled for osteopathic
structural evaluation and treatment with the provider from
March 2019 to September 2019 were eligible and invited to
participate during the reminder call before their visit.
Participants were randomly assigned to listen to one of two
audio recordings matched for length: (1) the history of
osteopathic medicine, or (2) a guided mindfulness meditation practice. Patients completed surveys including
numeric rating scales to measure mindfulness and
embodied safety (a self-reported feeling that the patient’s
body was in a safe place) immediately before and after
listening to the audio recording. A global pain rating report
along with a sensation manikin (a digital human figure
silhouette overlaid with a grid of 786 “sensation” pixels)
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capturing both pleasant and unpleasant sensation were
collected before and after the OMT session. Session satisfaction was also assessed with a single survey item.
Results: A total of 57 participants were enrolled in the
study; however, 18 were unable to listen to the full audio
recording and were excluded from further analysis. The
final study sample consisted of 39 patients, with 19 (48.7%)
randomized to the history audio recording and 20 (51.3%)
randomized to the mindfulness recording. The mean age of
patients was 57 years (standard deviation, 11.75 years); 25
(64.1%) were women and 14 (35.9%) were men. The most
common primary pain location was the neck (16; 41.0%),
followed by back (12; 30.8%) and joint (5; 12.8%). Twenty
(51.3%) participants were cancer patients; 19 (48.8%) did
not have a cancer diagnosis. Practicing mindfulness before
OMT increased patients’ sense of mindful connection to
(p=0.036) and safety within (p=0.026) their bodies as well
as their overall session satisfaction (p=0.037). Additionally, OMT paired with either study condition (mindfulness
vs. history) decreased pain (p<0.001) and increased the
ratio of pleasant to unpleasant sensations reported by patients (p<0.001). Finally, regardless of experimental condition (mindfulness vs. history), increased safety within
the body predicted greater pain relief (β=−0.33, p=0.035)
and larger sensation ratio changes (β=0.37, p=0.030) at the
OMT session’s end. Additionally, increased mindful
connection to the body predicted less pain (β=−0.41,
p=0.005) at the session’s end.
Conclusions: This study demonstrated the feasibility of
integrating a mindfulness-based intervention with OMT
and results suggest that having patients listen to an audioguided mindfulness practice while waiting for their OMT
session may increase their mindful connection to and
safety within their bodies as well as their session satisfaction. This study also provides empirical evidence that OMT
may increase the distribution of pleasant sensations reported by pain patients while decreasing the distribution of
unpleasant sensations reported.
Keywords: chronic pain; meditation; mindfulness; OMT;
osteopathic manipulative treatment; patient satisfaction.
This work is licensed under the Creative Commons Attribution 4.0
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Between 20 and 30% of US adults have chronic pain [1, 2],
and many seek pain relief through pharmacological and
behavioral means. Opioid analgesics are among the primary pharmacological treatments of chronic pain; however, widespread opioid prescription has resulted in rapidly
rising rates of opioid misuse, addiction, and overdose [3–5].
Consequently, clinical practice guidelines strongly suggest
that behavioral pain management strategies should be ﬁrstline treatments for chronic pain [6–9]. In contrast with the
poor long-term efﬁcacy and iatrogenic risks of available
analgesic pharmacotherapies [10], osteopathic manipulative treatment (OMT) [11–16] and mindfulness-based interventions are emerging as valuable methods of managing
chronic pain [17–19]. The potential positive impact on
cognitive impairment and psychiatric conditions (anxiety,
depression) in patients with pain are additional areas of
interest for applying these interventions.
Parallel lines of research have suggested that OMT and
mindfulness-based interventions can be efficacious pain
management strategies [20]. Limited empirical work has
examined the efﬁcacy of combining these two therapeutic
approaches, despite theoretical work suggesting they are
highly compatible [20]. Osteopathic philosophy espouses
the fundamental tenets that the body is a unit, structure
and function interrelate, and the body has self-healing and
self-regulatory mechanisms [21]. In combination with lifestyle optimization (exercise, diet, sleep, and stress management), OMT uses a variety of techniques to address
restrictions in the tissues and optimize how the body
functions and clears disease [22]. In application to pain
management, osteopathic manipulation aims to resolve
dysfunction in the tissues that are contributing to pain
generation. OMT may be considered in application to bony
alignment, myofascial freedom and mobility, nerve transmission, ligamentous and membranous motion, visceral
function, and ﬂuid ﬂow [23]. But, as pain is a biopsychosocial phenomenon [24, 25], management ideally
addresses not only physical restrictions but also painassociated mental patterning in comprehensive manner,
which includes but is not limited to emotional and
memory-based associations, attentional restrictions that
limit sensory perception, and physical sense of safety and
embodiment (i.e., the patient’s connection to his or her
body). These phenomena may further contribute to and
perpetuate pain as a global state of disease, dysfunction,
and disintegration. As such, entering an OMT session in a
state of mindfulness may enhance the therapeutic effects of
OMT by broadening the scope of treatment to more directly
include both body and mind.
Mindfulness is commonly defined as intentionally and
nonreactively attending to the present moment [26]. The

state of mindfulness can be cultivated through a variety of
practices (e.g., mindfulness meditation, yoga, centering
prayer), many of which use a “mindful object,” such as the
breath or the body, to stabilize attention in the present
moment [27, 28]. Evidence suggests this attentional stance
can provide stress [29, 30] and pain relief [29, 31–33]. By
focusing on the breath or the body, pain is no longer the
focus of attention and mental elaboration about pain (e.g.,
catastrophizing) decreases; thus, emotional reactions to
pain also decrease [34–36]. Furthermore, by virtue of
cultivating nonreactivity during mindfulness practice,
pain and stress emerge as momentary and ﬂeeting experiences passing through the larger ﬁeld of awareness. As
such, mindfulness may uniquely prepare patients for OMT
by quieting the mind, relaxing the physical body, and
loosening illness-related cognitive schemas that may help
maintain pain in the body [20].
One study [37] of 147 patients empirically examined the
effects of combining a mindfulness-based intervention with
OMT; in it, core concepts from acceptance and commitment
therapy (ACT) [38, 39], a third-wave cognitive behavioral
therapy approach, were introduced to patients with pain
during the ﬁrst 15 min of six successive OMT sessions. Results indicated that the combined mindfulness-based
intervention and OMT approach improved pain. Furthermore, patients found this combined approach acceptable,
with 60 (95%) of those completing the follow-up questionnaire reporting satisfaction with their overall experience and
outcomes [37]. However, these results [34] were from was a
single arm study without a randomized control condition,
and thus, continued research is needed to investigate the
additive beneﬁt of a mindfulness-based intervention.
Additionally, as ACT emphasizes a variety of therapeutic
components including values clariﬁcation and activity
planning [38, 39], it has thus far been unclear whether
mindfulness provides unique additive beneﬁt for OMT
patients.
In this study, we sought to extend the valuable preliminary work of Carnes et al. [37] by examining whether
engaging in a single, brief mindfulness meditation practice
before an OMT session improved OMT session outcomes.
We expected that patients randomized to listen to a brief
audio-guided mindfulness meditation practice before their
OMT session would evidence an increased state of mindfulness and embodied safety (a self-reported feeling that
the patient’s body was in a safe place) immediately after
listening to the recording as well as greater pain relief and
session satisfaction at the OMT session’s end, compared
with participants who listened to an audio-recording of the
history of OMT. We also expected that increases in mindfulness and embodied safety occasioned by the presession
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mindfulness audio recording would predict greater pain
relief and session satisfaction at the OMT session’s end.

Methods
This study was a single site, two-arm, parallel group, pilot randomized
controlled trial (trial registry: NCT04477278). All procedures were
approved by the University of Utah institutional review board. Participants provided informed consent after reviewing an informed
consent cover letter with study personnel.
Participants were patients seeking OMT from a single physician
(R.W.Z.) at a National Cancer Institute designated comprehensive
cancer center. The Wellness and Integrative Health Center, in which
OMT was provided in this pilot study, exists on the first floor of the
Huntsman Cancer Institute (HCI) where it is well-integrated with other
outpatient clinics and inpatient treatment. While specializing in
cancer care, this clinic provides certain services to select patients
without cancer diagnoses (including caregivers and staff). Seamless
integration within the HCI framework affords the benefits of broader
awareness of past and current medical problems (through the electronic medical record), interprovider communication, and referral as
needed for additional interventions and support. As potential concerns regarding implementation of mindfulness-based intervention
included active psychosis or current uncontrolled substance abuse, all
participating patients were screened for any changes in medical
condition and other, current clinical symptoms upon intake; additional, more specific screening may be considered in future studies as
indicated.
All patients scheduled for osteopathic structural evaluation and
treatment with the provider from March 2019 to September 2019 were
eligible and invited to participate during the reminder call before their
visit. Both new and established patients were included and contributed to a study population that was heterogeneous regarding primary
pain location, pain duration (acute vs. chronic), and pain medication
use.
While waiting for their OMT session, participating patients were
provided a tablet computer and a pair of noise-cancelling headphones. At the study’s end, participants returned both the tablet and
headphones to clinic staff. Computer-generated randomization
within the Qualtrics survey platform (SAP SE) was used to allocate
participants (1:1) to listen to one of two audio recordings matched for
length (8 min and 13 s): (1) the history of osteopathy, and (2) mindfulness meditation. The history of osteopathic medicine recording
introduced patients to the founder, Andrew Taylor Still, and his
philosophy of healing (Supplemental Material). The mindfulness
meditation consisted of instruction in focused attention on breath
and body sensations and metacognitive monitoring and acceptance
of discursive thoughts, negative emotions, and pain. This script
closely followed a standardized mindfulness induction script (Supplemental Material) validated in prior research on brief, in-person
mindfulness-based interventions for pain in medical settings [40]. To
minimize potential confounding factors (i.e., variance in vocal tone,
pace, etc.) the same person (A.W.H.) was recorded reading both
scripts. Before listening to the audio recording, patients completed a
brief survey on the tablet via the Qualtrics survey platform that
included a sensation manikin, which is described in a subsequent
section of this article, and single items assessing relevant clinical
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symptoms (i.e., pain, fatigue, nausea, and health), mindfulness of
the body, and embodied safety. Immediately after listening to the
audio recording, but before their OMT session began, participants
again completed the mindfulness of the body and embodied safety
items. After their OMT session ended, participants again completed
the sensation manikin and the pain numeric rating scale. Again, all
surveys were completed on a tablet via the Qualtrics survey platform,
which also securely stored all study data in an online repository.
Deidentiﬁed participant data were analyzed using SPSS 26 and
AMOS 26 (IBM). Study personnel and the osteopathic treatment
provider (R.W.Z.) were blind to condition.
Osteopathic evaluation and treatment were performed by a single
provider (R.W.Z.) who completed a predoctoral fellowship in osteopathic manipulative medicine during medical school training prior to
a residency in Physical Medicine and Rehabilitation (PM&R), and who
is board certiﬁed through the American Board of Physical Medicine
and Rehabilitation (ABPMR). Following residency completion, this
provider (R.W.Z.) had continuous clinical practice at the Huntsman
Cancer Institute Wellness and Integrative Health Center, where she
provides osteopathic structural evaluation and management of
musculoskeletal conditions as well as physician evaluations for an
exercise-based program (POWER: Personal Optimism with Exercise
Recovery) for cancer rehabilitation [41].
Patient OMT sessions lasted approximately 30–40 min. All pertinent regions of somatic dysfunction were noted in associated diagnoses; osteopathic ﬁndings that correlated with these regions
were listed in addition to a more generalized, neuromusculoskeletal
examination. Treatment was individualized based on these ﬁndings
through implementation of a variety of osteopathic techniques
(osteopathic cranial manipulative medicine, myofascial release,
balanced ligamentous tension, balanced membranous tension,
muscle energy, facilitated positional release, Still technique, counterstrain, and biodynamic osteopathy).

Measures
Sociodemographic and diagnostic information was obtained from
patient medical records. Due to time limitations, only a single item was
used for each of the mindfulness, embodied safety, and session
satisfaction measurements. The item for each was selected for face
validity.

Clinical symptoms: Self-reported pain, fatigue, nausea, and health
were measured with individual respective items rated on a numeric
rating scale (0–10), a widely used and validated approach to
measuring clinical pain and related symptoms [40, 42].

Sensation manikin: The sensation manikin (Figure 1) is a digital human
ﬁgure silhouette overlaid with a grid of 786 “sensation” pixels. Participants
identiﬁed locations (i.e., grid pixels) on the manikin where they felt both
pleasant and unpleasant sensations. Clicking once on any grid pixel turned
that location blue, indicating a pleasant sensation. Clicking twice on any
grid pixel turned that location red, indicating an unpleasant sensation.
Each participant was instructed to color the entire area in which they were
currently feeling sensation in their body. A clinically useful sensation ratio
score was achieved by dividing the number of pleasant sensation pixels
reported by the number of unpleasant sensation pixels reported [36].
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Mindfulness of the body: Mindfulness of the body was measured with
an individual item (“I felt in contact with my body”) from the State
Mindfulness Scale [43] rated on a numeric rating scale (0–10). Due to
time limitations, only a single item was used from this scale and was
selected for its face validity.
Embodied safety: Embodied safety was measured with an individual
item (“I felt my body was a safe place”) from the Multidimensional
Assessment of Interoceptive Awareness [44] rated on a numeric rating
scale (0–10).
Session satisfaction: Session satisfaction was measured with an individual item (“I am satisfied with my treatment session”) rated on a
numeric rating scale (0–10).

Statistical analysis
Between-group differences in pain, sensation ratios, mindfulness of
the body, and embodied safety were examined with a multivariate
analysis of covariance (ANCOVA). Multivariate ANCOVA allows for the
comparison of one or more grouping variables across multiple outcomes using a single statistical test, thereby decreasing family wise
error [45, 46]. Experimental condition (history of osteopathic medicine
vs. mindfulness meditation) was used to predict the four outcomes
after covarying baseline values and health status. In accordance with
the classical ANCOVA approach for analyzing randomized controlled
trial outcomes [47], covarying baseline values performs statistical
matching on the prerandomization scores and ensures that comparisons of postrandomization values by treatment group are independent
of baseline differences. Furthermore, given the heterogeneity in patients’ diagnostic history and stage of care, we also adjusted for health
status (i.e., cancer diagnosis and self-reported cancer symptom).
While the hospital where this study was conducted specializes in
cancer care, not all patients in this study had a cancer diagnosis. For
those outcomes not differing by experimental condition, a repeated
measures analysis of variance (ANOVA) was used to explore main
effects of time. F-tests, which denote the ratio of two variances
(i.e., variation between sample means/variation within the samples)
[45], were used to evaluate the effect of experimental condition on
pain, sensation ratios, mindfulness of the body, and embodied safety.
The larger the F-statistic, the stronger the evidence that the experimental conditions differed. To facilitate interpretation of the
F-statistics, we report standardized effect size estimates in the form of
partial η2: small effect = 0.01; medium effect = 0.06; and large effect = 0.14 [48]. Finally, path analysis was used to examine whether
presession mindfulness-induced changes mediated the effect of condition on outcomes. Three ﬁt indices were used to evaluate model ﬁt:
the χ2 value (χ2), the comparative ﬁt index (CFI) [49], and the root mean
square error of approximation (RMSEA) [50]. A χ2 test with p> 0.05,
indicating consistency between the predicted model and observed
data, along with CFI greater than 0.90 and RMSEA less than 0.08,
suggested adequate model ﬁt.

Results
A total of 57 consecutive participants were enrolled in the
study; however, 18 were unable to listen to their full audio

recording and were excluded from further analysis. The
final study sample consisted of 39 patients, with 19 (48.7%)
randomized to the history audio recording and 20 (51.3%)
randomized to the mindfulness recording. The mean age of
patients was 57 years (standard deviation, 11.75 years); 25
(64.1%) were women and 14 (35.9%) were men. The most
common primary pain location was the neck (16; 41.0%),
followed by back (12; 30.8%) and joint (5; 12.8%). Twenty
(51.3%) participants were cancer patients; 19 (48.8%) did
not have a cancer diagnosis. Most (32; 82.1%) had previously received OMT from the study’s osteopathic physician
(R.W.Z.). Relatively mild pain levels were observed in this
sample at baseline (x=4.49, SD=1.79) [51] along with relatively high levels of self-reported mindfulness of the body
(x=7.59, SD=1.96). Demographic and baseline characteristics for all outcomes measures are shown in Table 1.
Across the entire sample at baseline, neither mindfulness of the body nor embodied safety were correlated
with pain intensity or the sensation ratio. However,
baseline sensation ratio scores and pain ratings were
inversely correlated (r=−0.46, p=0.005). There were no
between-group differences in any of the variables of interest at baseline (Table 1).
A multivariate ANCOVA was used to examine the effects of the presession audio-guided mindfulness practice
on (1) patients’ mindfulness of the body and embodied
safety immediately after listening to the audio recording as
well as (2) pain, sensation ratio (i.e., pleasant sensation/
unpleasant sensation), and session satisfaction at the
session’s end (Table 2).
With respect to the immediate effects of the presession
audio recording, results revealed that experimental condition (mindfulness vs. history) had an effect on mindfulness of the body (F1,31=4.80, p=0.036, partial η2=0.134) and
embodied safety (F1,31=5.48, p=0.026, partial η2=0.150),
adjusting for baseline values and health status. Participants in the mindfulness condition reported greater
mindfulness of the body (mindfulness sample mean
x=8.05, SD=2.19; history x=7.11, SD=2.51) and embodied
safety (mindfulness x=9.05, SD=1.23; history x=7.63,
SD=2.65) compared with participants in the history
condition.
With respect to the effects of the presession recording on
session outcomes, results revealed that experimental condition (mindfulness vs. history) had an effect on session
satisfaction (F1,31=4.76, p=0.037, partial η2=0.133), but not
on pain (F1,31=0.33, p=0.571, partial η2=0.010) or sensation
ratio (F1,31=0.13, p=0.727, partial η2=0.004), adjusting for
baseline values and health. While participants in the
mindfulness condition reported greater session satisfaction
(mindfulness x=10.00, SD=0.00; history x=9.78, SD=0.55)
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Table : Baseline characteristics of participants by treatment group.

N
Sociodemographic characteristics
Age, years, mean (SD)
Age range, years
Women, n (%)
Men, n (%)
Primary pain location, n (%)
Back pain
Joint pain
Neck pain
Other
Cancer diagnosis, n (%)
Returning patient, n (%)
Baseline measures of study outcomes
Mindfulness of the body, mean (SD)
Embodied safety, mean (SD)
Pain, mean (SD)
Sensation ratio, mean (SD)

Total

History

Mindfulness







. (.)
–
 (.%)
 (.%)
…
 (.%)
 (.%)
 (.%)
 (.%)
 (.%)
 (.%)

. (.)
–
 (.%)
 (.%)
…
 (.%)
 (.%)
 (.%)
 (.%)
 (.%)
 (.%)

. (.)
–
 (.%)
 (.%)
…
 (.%)
 (.%)
 (.%)
 (.%)
 (.%)
 (.%)

. (.)
. (.)
. (.)
. (.)

. (.)
. (.)
. (.)
. (.)

. (.)
. (.)
. (.)
. (.)

Test statistic

p-value

t=.
…
Χ=.

.
…
.

χ=.
…
…
…
…
Χ=.
χ=.

.
…
…
…
…
.
.

t=.
t=.
t=.
t=.

.
.
.
.

SD, standard deviation.

compared with participants in the history condition, the
clinical signiﬁcance of this difference is unclear.
Follow-up repeated measures ANOVA revealed that
although experimental condition did not impact pain or
sensation ratio changes, main effects of time were observed
for both outcomes (pain: F1,36=59.96, p<0.001, partial
η2=0.625; sensation ratio: F1,37=19.21, p<0.001, partial
η2=0.342). Regardless of experimental condition, OMT
decreased pain (T1: x=4.50, SD=1.81; T2: x=2.71, SD=1.64;
39.7% decrease) and increased sensation ratios (T1:
x=0.95, SD=1.99; T2: x=10.36, SD=13.68; 990.5% increase).
The spatial distribution of unpleasant sensations (Figure 1)
decreased from pre- to postsession (T1: x=29.21, SD=41.51;
T2: x=6.82, SD=10.49; 76.6% decrease) while pleasant
sensations increased (T1: x=13.41, SD=24.55; T2: x=45.92,
SD=85.26; 242.4% increase).
Finally, path analysis (Figure 2) was used to examine
relationships between the primary variables of interest.

The model ﬁt the data well (χ2=2.70, p=0.61, CFI=1.00,
RMSEA<0.001). Experimental condition had direct effects
on change in mindfulness of the body, change in embodied
safety, and session satisfaction. Additionally, change in
mindfulness of the body and change in embodied safety
had direct, inverse effects on change in pain. Furthermore,
change in embodied safety had a direct positive effect on
change in sensation ratio.

Discussion
The patient interview for pain management frequently focuses on pain itself. While much information is gathered
regarding pain generation and exacerbating/relieving
measures, this interrogation can also serve to further
amplify the attentional focus and adhesiveness of mind to
unpleasant sensation. According to Andrew Taylor Still,

Table : Study outcomes by treatment group.

Presession audio recording outcomes
Mindfulness of the body, mean (SD)
Embodied safety, mean (SD)
Session outcomes
Pain, mean (SD)
Sensation ratio, mean (SD)
Session satisfaction, mean (SD)
a

History

Mindfulness

Test statistic, F

p-Value

Effect size, partial η

. (.)
. (.)

. (.)
. (.)

.
.

.
.

.
.

. (.)
. (.)
. (.)

. (.)
. (.)
. (.)

.
.
.

.
.
.

.
.
.

Partial η: small effect = ., medium effect = ., and large effect = . []. SD, standard deviation.
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Figure 1: Sensation reports immediately
before and after OMT. Blue represents
pleasant sensations. Red represents
unpleasant sensations. Color intensity
reflects the frequency of sensation reports
in a given sensation pixel. OMT,
osteopathic manipulative treatment.

MD, DO, the founder of osteopathic medicine: “To find
health should be the object of the doctor. Anyone can find
disease.” [52] Through integration of OMT and mindfulness, focus is placed on reclaiming attentional control,
broadening the physical map of pleasant and unpleasant
sensation, resolving tissue restrictions to restore physiological integrity and function, and empowering the patient

with tools that support health and wholeness in body and
mind.
Results from the present study suggest that listening to
a brief, audio-guided mindfulness instruction prior to OMT
increased patients’ sense of mindful connection to and
safety within their bodies. These qualities of mindfulness
are likely to facilitate healing, as physical traumas

Figure 2: Path model depicting study
timeline and relationships between primary
variables of interest. Non-significant paths
were removed from this figure to improve
visual clarity. OMT; osteopathic manipulative treatment.
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(i.e., injury, disease), which are often the impetus for
seeking OMT, invariably have both physical and psychological consequences. Indeed, injury and disease can make
the body feel foreign and unsafe [53, 54], resulting in a
tendency for patient to fear and avoid speciﬁc body parts or
the body as a whole. As such, healing may be enhanced by
including complementary, therapeutic interventions
capable of cultivating a positive sense of connection with
the body and nurturing the belief that the body is once
again a safe place. Our results indicate that a brief, presession, audio-guided mindfulness practice can encourage
positive psychological changes and more intensive mindfulness training could further amplify these outcomes. For
example, future studies could increase the “dosage” of
mindfulness practice by pairing a standardized 8-week
mindfulness based intervention, such as Mindfulness
Based Stress Reduction [26] or Mindfulness Oriented Recovery Enhancement [35], with regular visits. Additionally,
regardless of experimental condition, increases in mindful
connection to and safety within the body predicted greater
pain relief and larger sensation ratio changes at the OMT
session’s end. OMT has demonstrated therapeutic value in
pain management [11–14] and is a primary recommendation for common conditions such as low back pain [9], neck
pain, and headaches (cervicogenic and migraine prophylaxis) [55]; however, an exclusive focus on the physical
aspects of pain management and recovery neglects a vital
dimension of healing. As a potentiating tool for embodiment and safety, mindfulness may serve as a cost-effective,
inductive tool to encourage patient readiness for hands-on
treatment and therapeutic release.
Through this pilot study, we explored how promoting a
healing state of mind before OMT may have beneficial
impact on patient experience. Indeed, beyond the acute,
psychological benefits of the presession mindfulness
practice, results from this study indicated that patients in
the mindfulness group reported greater OMT session
satisfaction, a clinical measure that merits ongoing evaluation in OMT of chronic pain conditions [12, 13, 15, 16].
However, path modeling revealed that neither mindfulness
of the body nor embodied safety mediated the relationship
between presession mindfulness and session satisfaction.
Continued research is needed to investigate other salutogenic mechanisms of mindfulness—such as metacognitive
awareness, nonreactivity to internal experiences, or disidentiﬁcation with internal experiences [56]—that could
explain why presession mindfulness resulted in greater
postsession satisfaction.
Treatment satisfaction is closely associated with
treatment adherence [57], and it may be that by coupling a
mindfulness-based intervention with OMT, patients will be
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more likely to sustain their therapeutic involvement and
realize more substantive and lasting therapeutic gains.
This therapeutic involvement may include both passive,
hands-on treatment as well as active engagement of
change in home behaviors that support health and pain
management (e.g., therapeutic exercises, dietary change,
regular mindfulness practice, sleep optimization, and
stress management).
Future research is needed to test this hypothesis,
examining whether OMT patients who complete a presession mindfulness practice before their first OMT session
continue hands-on treatment over time and report greater
health benefits than those not receiving additional,
mindfulness-based interventions. Through the combination of a mindfulness-based intervention with OMT, the
patient is introduced to a self-care tool that may provide
home-based, therapeutic use for ongoing pain management. Assessments in future research would ideally survey
not only OMT follow-up but also the implementation of and
adherence to home-based lifestyle and behavioral changes
based on broader physician recommendations. These may
include generalized conditioning and strengthening exercise; targeted, therapeutic exercise; dietary optimization;
and ongoing mindfulness use. Such an assessment would
inform the longer-term impact of mindfulness induction on
motivation and behavioral change.
Some patients may dislike the presession mindfulness
practice, prefer other types of presession psychological
interventions, or dislike any type of presession intervention. In the current study, we chose to use an active control
condition instead of a no-treatment control condition to
account for nonspecific therapeutic factors, such as clinical time and attention, which may have influenced
participant outcomes. Future studies are needed to
directly compare whether adding a brief presession
mindfulness practice to a standard OMT session outperforms a standard OMT session without any presession
intervention. Furthermore, research is needed to examine
individual characteristics that predict presession psychological intervention responsiveness and alternative presession psychological interventions (e.g., other styles of
mindfulness practice, hypnotic suggestion, or breathing
exercises) to better personalize presession psychological
interventions for speciﬁc patients to maximize clinical
outcomes.
OMT paired with either experimental condition
decreased pain and increased sensation ratios (pleasant/
unpleasant). This finding exemplifies the potential therapeutic benefit from OMT in pain management. It also reveals the potential for OMT to foster attentional broadening
within the body, loosening of the attentional anchor of
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pain, and experience of pleasant sensation. Through those
mechanisms, treatment may eventually resolve the tension
between disintegrated areas of the body (restriction and
openness, pain and pleasantness) and restore a sense of
wholeness to the patient. It has been well-documented that
OMT can decrease pain [11–14, 56] and this study
investigated whether OMT can change the spatial distribution of both unpleasant and pleasant sensations.
Changes in the sensation ratio suggest that OMT fundamentally shifted patients’ experiences of their bodies from
disproportionately unpleasant before the OMT session
(x=0.95) to disproportionally pleasant after the session
(x=10.36) in this study. Sensation ratios below one indicate
unpleasant sensations predominate in the body, while
sensations ratios greater than one indicate pleasant sensations predominate. Visual inspection of the mean values
and the sensation manikin (Figure 1) suggest that OMT had
a powerful effect on patients’ experience of embodied
sensation; OMT increased the sensation ratio 990.5%.
Furthermore, it was not just decreases in unpleasant sensations driving this ratio change. While the spatial distribution of unpleasant sensations decreased by 76.6% from
pre- to postsession, pleasant sensations increased by
242.4%. These ﬁndings may suggest that strategies like
OMT that are able to cultivate pleasant sensations may be
valuable adjunctive treatments to more traditional pain
management strategies that focus exclusively on pain
reduction.
It is also worth highlighting the feasibility and efficacy
of this intervention model. Patients randomized to the
mindfulness experimental condition were able to increase
their mindful connection to and safety within their bodies
by listening to a brief, audio-recorded mindfulness practice
while sitting in a waiting room in a busy medical hospital.
There was no incentive for patients to participate in this
study; patients were offered the opportunity to pass their
time in the waiting room listening to an audio recording. As
such, the implementation implications from this study are
more direct than what would be expected from a study
design that compensated patients for their participation.
Additionally, with the majority of patients waiting more
than 15 min for their appointments [58, 59], there was
ample time to listen to a brief mindfulness recording, like
the 8-min recording used in the current study. While
studies [58, 60, 61] in multiple medical settings indicate
that longer clinic wait times translate into lower patient
satisfaction, results from this study demonstrate that this
waiting room time could be easily transformed into a space
for contemplative practice that actually improves patient
satisfaction–turning our waiting rooms into “breathing

rooms” [62]. Furthermore, clinic ﬂow was minimally disrupted as the audio recordings were loaded on the clinic’s
standard intake tablets. The only added burden was the
purchase of two sets of headphones by the primary author
(A.W.H.). Finally, no adverse experiences occurred during
or after the presession mindfulness practice. In our clinical
setting, integrating mindfulness-based intervention with
the clinical visit appeared to be both effective and safe;
however, additional safeguards such as in-person delivery
of the mindfulness-based intervention, could be implemented with future studies to assure additional screening
prior to starting the presession intervention Table 2.

Limitations
The main limitations in this study were the small sample
size and the heterogeneity of the sample and treatment
method. Future studies with larger sample sizes are needed
to replicate the observed results. G*Power 3.1 indicated
that a sample of 54 patients would be needed to adequately
power (β=0.806) a replication study utilizing the same
methodology, assuming an effect size of a similar magnitude to our smallest observed effect (partial η2=0.133).
Future studies are also needed to examine whether the
observed results remain in more homogenous samples.
Although we were able to control for factors likely to differ
between OMT patients with and without a cancer diagnosis
(i.e., fatigue, nausea, and health), future studies that
evaluate a homogenous sample of individuals (cancerrelated pain, neck or back pain, acute or chronic pain)
would be beneﬁcial to ensure that these ﬁndings generalize
to speciﬁc populations. While the provider (R.W.Z.) integrated various techniques to address individualized somatic dysfunction, this was not considered a weakness in
study design, but rather an important application of OMT.
Through this approach, treatment was tailored to the
individual patient and facilitated by an osteopathic
physician. Performance of an osteopathic structural examination and OMT by a single physician (R.W.Z.) through
such individualized treatment may furthermore have
served as a control. However, the limitations of this method
are that treatment approach is not generalizable to a speciﬁc grouping of techniques or anatomical targets for a
single pain condition.
Second, our study was limited by our use of single
items from validated scales to assess constructs of interest
(i.e., mindfulness of the body, embodied safety) instead of
using the full scales from which these items were derived.
While psychometric evidence supports the use of single-
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item scales to assess a range of psychological constructs
[42, 63–65] including mindfulness [66, 67], neither the
mindfulness of the body item nor the embodied safety item
have been validated previously for use as single items.
Thus, our mindfulness and embodied safety results should
be interpreted with caution. The time-constraints imposed
when researching in a busy academic cancer hospital
limited our measurement approach. We abbreviated scales
out of necessity for integration within the standard clinic
ﬂow. We chose the State Mindfulness Scale [43] and the
Mindful Interoceptive Awareness Inventory [44] items
included in this study for their face validity, selected by the
lead author (A.W.H.) as the best available options for hypothesis testing. However, alternative items from these two
scales may have yielded alternative results or functioned
better than the chosen items. Future studies are encouraged to use the full scales should time allow. Future studies
should also consider assessing clinical outcomes over a
longer follow-up period, not just immediately after the
OMT session.
Third, history of OMT experience and mindfulness
practice involvement are individual difference variables
that may have influenced the study’s outcomes. Future
researchers should gather more thorough demographic
data. This sample’s relatively high self-reported mindfulness at baseline may have influenced how willing participants were to notice body sensations and how well they
could understand and follow the audio-recorded mindfulness practice. Examining whether similar results are
observed in patient populations with lower baseline
mindfulness scores is a valuable avenue for future
research.
Fourth, emerging evidence suggests that brief, inperson mindfulness-based interventions for pain may be
more efficacious than brief, audio-guided mindfulnessbased interventions [68]. Thus, future studies employing
in-person mindfulness instruction before OMT may
demonstrate more substantial effects, although the additional resource burden of in-person instruction should also
be considered in study design selection.

Conclusions
Through this study, we demonstrated the feasibility of clinicbased integration of a mindfulness-based intervention with
OMT. Benefits of listening to an audio-guided mindfulness
practice before OMT may include an increased sense of
embodiment and safety. Posttreatment benefit of a presession
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mindfulness-based intervention may include increased
session satisfaction. However, because this was a pilot
study, replication and future supportive research is needed
to increase conﬁdence in the present study’s ﬁndings.
Nevertheless, osteopathic providers may consider psychological interventions (mindfulness-based intervention,
hypnotic suggestion, breathwork) as valuable, easily
accessible, therapeutic tools to prepare patients for their
treatment session and augment session satisfaction. This
study also demonstrated the sizeable impact of OMT on pain
and reduction in unpleasant sensation and augmentation of
pleasant sensation and increase in overall sensation ratio
(pleasant/unpleasant). This ﬁnding highlights the importance in pain management of incorporating interventions that
augment pleasant sensation and support overall health and
embodiment. With this, we turn from a singular focus on pain
and disease back to a model that supports, facilitates, and
augments the healthful capacity of the human being.
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