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Abstract

Background: People who undergo lumbar spine surgery experience variable pain, disability, and quality of life outcomes. Mindfulness-
based interventions (MBIs) are recommended for chronic low back pain and may be an effective approach for surgical patients.
Objectives: Evaluate the feasibility and acceptability of a telehealth MBI following lumbar spine surgery and refine the in-
tervention for optimal delivery.

Methods: This was a prospective, mixed-methods, single-arm cohort study with measurements preoperatively and 2 weeks
and 3 months postoperatively. Participants were adults undergoing lumbar spine surgery for a degenerative condition at an
academic medical center. A telehealth MBI was delivered one-on-one within 4 weeks after surgery and consisted of 8 weekly
sessions modeled after Mindfulness-Based Cognitive Therapy for Chronic Pain. Outcomes were feasibility (enrollment rate,
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retention, session attendance, homework completion), acceptability (intervention satisfaction questionnaire and exit inter-
view); and pre- to 3-month postoperative improvements in patient-reported disability, pain, and psychosocial factors including
depression, anxiety, pain catastrophizing, kinesiophobia, self-efficacy, perceived stress, and dispositional mindfulness.
Results: Fifteen participants who received a laminectomy (n = 3) or fusion with (n = 9)/without (n = 3) laminectomy initiated
the MBI. Enrollment (35%) and retention (80%) rates were lower than hypothesized, but participants had high levels of session
attendance (80% completed) and home practice (median = 95% days assigned). The MBI was perceived as highly acceptable on
the satisfaction questionnaire and exit interviews. Most participants reported improvements at or above established minimal
clinically important differences for disability and pain at 3 months postoperatively and improvements in most psychosocial
factors. Themes from exit interviews informed future modifications to the intervention.

Conclusions: Delivery of an 8-session, one-on-one, telehealth MBI to patients after lumbar spine surgery is feasible and
acceptable and patients perceive meaningful benefits to their surgical recovery from the MBI. Results support fully powered

randomized controlled trials to determine longer-term post-surgical effects of the MBI.
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Introduction

People who undergo lumbar spine surgery experience vari-
able pain, disability, and quality of life outcomes.'™ Reha-
bilitation interventions targeting psychosocial risk factors
after lumbar spine surgery result in improved pain and mental
and physical functioning compared with exercise or educa-
tion alone.* These psychosocial-based rehabilitation trials
involved in-person interventions and/or drew from traditional
cognitive behavioral therapy for chronic pain.””’ Although
effective for some patients, not all patients achieve benefit
from cognitive behavioral therapy. In qualitative studies,
emotional factors have been described as salient experiences
before and after spine surgery®” and patients identified a need
for more nonpharmacological postoperative pain manage-
ment strategies.”

Mindfulness-based interventions (MBIs) are recom-
mended as first-line nonpharmacological treatment for
chronic low back pain and may be an effective approach for
surgical  patients.'®  Standardized MBIs including
Mindfulness-Based Stress Reduction and its adapted proto-
cols involve skills to self-regulate one’s attention to present-
moment body sensations, thoughts and emotions with less
reactivity and greater acceptance.'' MBIs have traditionally
been offered as in-person, group-based interventions with
8 weekly sessions lasting 2 to 2.5 hours each.'' This format is
impractical for patients who live long distances from a
surgical center and may have difficulty driving after a
complex surgical spine procedure. Both telehealth- and
individually-delivered MBIs are feasible and efficacious in
chronic pain populations.'*"” In addition, a study that di-
rectly compared a group-delivered to an individual-delivered
mindfulness-based cognitive therapy intervention in patients
with depression and a chronic somatic disease indicated that
both were similarly effective in improving psychological

well-being outcomes.'® Therefore, an individually delivered,
telehealth MBI is a promising alternative for patients after
spine surgery.

While MBIs have demonstrated efficacy for managing
chronic low back pain, the concerns specific to the spine
surgery population may differ. Patients in this group face
acute postsurgical pain, which may coexist with pre-existing
pain and/or new pains that emerge postoperatively.'’ Patients
have to balance post-operative physical activity restrictions
with guidance to gradually build their activity levels.
Qualitative research indicates that patients experience fears
after surgery specific to falling, reinjury, and worsening pain.’
Studies indicate that early postoperative psychosocial
factors—such as fear of movement, pain-related anxiety, and
pain catastrophizing—are strong predictors of pain and
disability outcomes 6 to 12 months following lumbar spine
surgery.>'®!” MBIs have been shown to reduce pain cata-
strophizing in patients with chronic pain in non-surgical
contexts.”™?! Mechanistic reviews suggest that mindful-
ness meditation can alter pain perception by enhancing at-
tentional flexibility and sensory processing, including
exposure to painful sensations, while diminishing cognitive
and emotional evaluations of those sensations.”?** Im-
plementing an MBI during the postoperative period could
potentially address the psychological mechanisms contrib-
uting to persistent pain and disability after lumbar spine
surgery. However, such interventions may need to be spe-
cifically tailored to the unique challenges faced by patients
recovering from spine surgery.

The objectives of this prospective, mixed-methods, single-
arm cohort study were to evaluate the feasibility and ac-
ceptability of an 8-week telehealth MBI delivered one-on-one
to patients following lumbar spine surgery and to refine the
intervention as needed for this population. Feasibility
benchmarks were enrolling 50% of patients approached for
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participation, retaining 90% of participants who initiated the
intervention, and averaging 75% MBI session attendance and
home practice completion. The acceptability benchmark was
80% of participants reporting satisfaction with the MBI
Potential clinical promise of the intervention was evaluated
with pre- to post-intervention change and percentage of
participants achieving clinically meaningful improvements in
patient-reported disability, pain and psychosocial factors.
Results from this study will have direct implications for the
refinement of MBIs for patients recovering from spine

surgery.

Methods

Participants

Participants were adults aged 18 and older who were
scheduled for their first lumbar spine surgery due to a de-
generative condition (including but not limited to, spinal
stenosis, spondylosis with or without myelopathy, and
spondylolisthesis) at a single academic spine center. Addi-
tional inclusion criteria were: (1) radiographic evidence of
compression of cauda equina or nerve roots by degenerative
changes; (2) presence of back and/or lower extremity pain
persisting for at least 3 months, and (3) access to stable
internet. Exclusion criteria were: (1) microsurgical technique
as the primary procedure (ie, isolated laminotomy or mi-
crodiscectomy); (2) having surgery for the primary indication
of a spinal deformity; (3) having surgery secondary to
pseudarthrosis, trauma, infection, or tumor; (4) history of a
psychotic disorder or hospitalization for reasons related to
psychosis; (5) diagnosis of Alzheimer’s disease or another
form of dementia; (6) traumatic brain injury greater than mild
severity; (7) history of bipolar disorder or dissociative dis-
order; (8) active substance use disorder (in past month); and
(9) symptoms in the past month indicating likely posttrau-
matic stress disorder (PTSD) diagnosis. Patients with these
psychiatric conditions may require substantially adapted
mindfulness programs and concurrent psychotherapy to
prevent adverse experiences during mindfulness meditation
practice such as dissociation, flashbacks or panic attacks.*>*

Procedures

The Vanderbilt University Institutional Review Board ap-
proved all study procedures. The research coordinator
identified participants in collaboration with the treating
surgeon through review of the electronic medical record and
surgery schedule. Written informed consent to participate in
eligibility screening and the study was obtained electroni-
cally®” after discussion with the research coordinator at the
preoperative clinic visit or preoperatively over the phone.
Self-report questionnaires were emailed to participants via
Research Electronic Data Capture (REDCap)**>° survey
links preoperatively and 2 weeks (pre-intervention) and

3 months following surgery (post-intervention). After the 3-
month survey, participants completed a 30-minute semi-
structured exit interview over the phone. Two study inves-
tigators with qualitative research experience (CEB/BR) who
did not deliver the intervention conducted interviews. Ad-
verse events were not systematically assessed but were
recorded and monitored if reported.

Measures

Sociodemographic information and current opioid use status
were collected from participants via REDCap prior to un-
dergoing spine surgery and included age, sex, race, ethnicity,
education, marital status, and employment. Information re-
garding surgical characteristics including degenerative spine
diagnosis, surgical procedure, and number of spinal levels
operated on, as well as comorbid psychiatric conditions was
obtained from the electronic medical record.

Feasibility. Data were collected regarding enrollment, retention,
session attendance, and homework completion. The study
interventionist assessed homework completion at the begin-
ning of each telehealth session as the number of days on which
mindfulness practice occurred since the previous session.

Acceptability. Intervention satisfaction was measured with a 9-
item survey (Supplemental Appendix 1) assessing partici-
pants’ overall satisfaction with the MBI, likelihood of rec-
ommending it to a friend, and the importance of the program
to changes in pain, emotional well-being and physical well-
being. Semi-structured exit interviews (Supplemental
Appendix 2) inquired about participants’ overall impres-
sion of the program, each intervention component, and
perceived benefits, as well as recommendations to improve
the program.

Patient-Reported Clinical Outcomes. Disability was measured
with the 10-item Oswestry Disability Index (ODI) assessing
how much one’s back and/or leg pain have affected the ability
to manage everyday life activities.’’ Back pain and leg pain
intensity when not on pain medication or after pain medi-
cation had worn off over the past 7 days were assessed with an
11-item Numeric Rating Scale ranging from 0 (no pain) to 10
(worst imaginable pain).*” Pain Bothersomeness over the past
7 days was measured with a scale from O (not at all both-
ersome) to 4 (extremely bothersome).>

Pain interference, depression, and anxiety were measured
with Patient-Reported Outcomes Measurement Information
System (PROMIS)* scales including Pain Interference
Short-form 4a, Depression Short-form 4a, and Anxiety Short-
form 4a. PROMIS measures have previously been validated
in spine surgery populations.*> Each scale is scored by
converting the raw score into a standardized T-score with a
mean of 50 and a standard deviation of 10 based on a general
or reference population.
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Kinesiophobia, which refers to the level of pain-related
fear of movement and physical activity and the belief that
pain always signifies a serious medical issue was measured
with the 13-item Tampa Scale of Kinesiophobia (TSK-13).
The 13-item Pain Catastrophizing Scale (PCS)*’ measured
the tendency to experience pain-related cognitions including
helplessness, magnification, and rumination. One’s confi-
dence in the ability to engage in activities and achieve goals
despite pain was measured with the Pain Self-Efficacy
Questionnaire (PSEQ).>® Perceived stress over the past
month was measured with the 4-item Perceived Stress Scale
(PSS-4).39 Dispositional [ie, trait] mindfulness, defined as the
general tendency to be aware of present-moment experiences
without judgment in daily life, was measured with the 15-
item Five Facet Mindfulness Questionnaire (FFMQ-short
form) assessing aspects of mindfulness in daily life includ-
ing observing, describing, acting with awareness, non-
judgment, and non-reactivity.*’

Intervention

The MBI was initiated with patients within 4 weeks after
surgery and consisted of eight, weekly one-on-one sessions
with a study interventionist. Sessions were delivered over
HIPAA-compliant Zoom and audio-recorded. The first ses-
sion was 90 minutes and sessions 2-8 were 75-minute. The
intervention was modeled after the manualized Mindfulness-
Based Cognitive Therapy (MBCT) for Chronic Pain.*'
MBCT was originally developed for preventing relapse of
depression** and has since been adapted and tested in chronic
pain populations, including chronic low back pain and
headache pain.***** The MBCT for Chronic Pain manual®'
tailors the MBCT program for individuals with chronic pain
by incorporating pain-specific education and by applying
mindfulness skills to chronic pain coping. Educational
components include the Gate-Control Theory of Pain to
explain how cognitions, emotions, and behaviors modulate
pain perception; understanding the relationship between
stress and pain; identifying common thinking patterns in
chronic pain and their impact on emotions, behaviors and
sensations; and the role of acceptance in coping with pain.
Mindfulness practices, both guided and un-guided, are taught
to train individuals to both regulate their attention to non-
painful sensations as well as to approach painful sensations
with acceptance, reducing cognitive and emotional reactivity.
There is also a focus on awareness of pain-related cognitions
during meditation and daily life, enabling conscious re-
sponses to pain rather than habitual reactions. MBCT for
Chronic Pain is typically delivered in-person and in groups
but was modified by the research team for one-on-one tel-
ehealth delivery, with terminology and discussion prompts
tailored for postsurgical pain and recovery. For example,
discussions after guided meditation focused on applying
mindfulness skills to acute, post-surgical pain and to daily
routine movement and activities prescribed by the treating

surgeon or physical therapist. Activity pacing (alternating
between activity and rest) was added to help participants
manage pain with increasing activity levels over the course of
surgical recovery. Each session included didactic information
introduced interactively, a mindfulness skill with discussion,
and review of previous skills (Supplemental Table 1).
Participants were asked to complete home practice 6 days per
week, including: (1) One to two guided meditation practices per
day (eg, body scan; mindfulness of breath; mindful movement;
mindfulness of sounds and thoughts); (2) informal practices like
mindfully attending to routine daily activities (eg, eating,
brushing teeth) and to daily movement (eg, walking, prescribed
home exercises); (3) Scheduling the 3-minute breathing space
daily as well as practicing the breathing space during moments of
pain or difficulty; and (4) Cognitive and behavioral assignments
such as completing pleasant and unpleasant experiences logs and
trying activity pacing. Home practice assignments varied weekly
based on session content, and from session 6 onwards, partic-
ipants could choose any guided practices. All participants re-
ceived a manual with session handouts, daily home practice logs,
and audio recordings of guided mindfulness practices.
Interventionists were four postgraduate-level mental health
clinicians who participated in a 44-hour Professional Develop-
ment in Mindfulness Facilitation workshop and a 45-hour MBCT
teacher-training intensive. Interventionists received training in the
intervention manual through weekly meetings for three months
with two investigators trained in mindfulness facilitation (CEB/
MP) and through role-plays and mock sessions with feedback.

Statistical Analyses

Descriptive statistics were calculated to characterize the study
sample and report feasibility and acceptability outcomes, as
well as the percentage of participants achieving a minimal
clinically important difference (MCID) in pain and disability. A
MCID in disability, back and leg pain intensity and pain
bothersomeness was defined as achieving at least 30% re-
duction in score from pre-surgery to 3 months post-
surgery,”>** while PROMIS Pain Interference was defined as a
reduction of at least 3.5 T-score points.*® Participants who
reported scores of O at the preoperative time point were ex-
cluded when calculating the percentage achieving MCID.
Paired t-tests were conducted to examine within-participant
change from pre-surgery to 3 months post-surgery for each
patient-reported measure of pain, disability, and psychosocial
factors. Results are reported in supplemental tables as the mean
(SD) at each time-point (pre-surgery, 2 weeks post-surgery and
3 months post-surgery) and as mean differences from pre-
surgery to 3 months post-surgery with standard deviations,
95% confidence intervals (Cls) around the differences, and
Hedge’s g effect sizes (ie, Cohen’s d standardized effect size
with a correction for small sample sizes). Spaghetti plots to
display individual differences in pain and disability outcomes
at pre-surgery and 3 months post-surgery are shown in
supplemental figures.
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Exit interviews were audio-recorded and transcribed with
a transcription service (rev.com) and verified before analysis.
Qualitative analyses were conducted in Dedoose.*’” Two
investigators (CEB/ELC) read the first two interviews and
developed an initial codebook based on the interview guide
and initial read-through. The same two independent coders
met after coding every 3 additional interviews to discuss and
revise the codebook as needed until all interviews were
coded. Where applicable, codes were given a weight (+1,
0, —1) to indicate if a perception of an intervention com-
ponent was positive (ie, helpful), negative (ie, unhelpful), or
neutral (ie, neither helpful nor unhelpful). The quantity of
positive, neutral, and negative perceptions of the overall
program and its individual components were calculated and
are presented in bar graphs as a method of visualizing the
acceptability of the intervention. Through discussions, the
same two investigators identified themes in the data regarding
participant experiences with the MBI and suggestions to
improve it, with the objective of refining the MBI as needed to
optimize future trials. A separate manuscript will present
results of a more in-depth analysis of the qualitative exit
interviews with a focus on potential MBI mechanisms
contributing to patient-reported benefits.

Results

Participants

Fifteen participants initiated the postsurgical MBI and were
47% female, mean age 56 years (SD = 17), 87% identified as
White race, and 60% reported having at least a 4-year college
degree (Table 1). The most common diagnosis was lumbar
stenosis (47%), with most participants (60%) having a
laminectomy with fusion and 1 spinal level operated on
(60%). One adverse event (infection) that was related to
surgery but unrelated to the study intervention or procedures
was reported. At preoperative baseline, on average, partici-
pants reported having moderate levels of back pain intensity
(M = 6.58, SD = 1.51), leg pain intensity (M = 4.17, SD =
2.86), and pain interference (M = 68.20, SD = 4.90), and
severe disability (M = 43.65, SD = 14.10). Average baseline
levels of depression (M = 53.18, SD = 6.08) and anxiety (M =
56.95, SD = 7.53) were within normal to mild levels, re-
spectively. Baseline scores on all measures are shown in
Supplemental Tables 2 and 3).

Feasibility

Sixty patients were approached during recruitment, 25 (42%
of approached) consented and completed screening, and 21
(35% of approached) were enrolled prior to surgery. After
surgery, 6 participants were ineligible or withdrawn; thus, 15
initiated the postoperative MBI and 12 (80%) completed 3-
month follow-up. Three participants who withdrew from the
study prior to completing the intervention attended fewer than

75% of sessions. Reported reasons for discontinuing the
intervention included time constraints due to unexpected life
events (n = 2) and for unknown reason (n = 1). The remaining
12 participants completed all 8 sessions (Figure 1).

Eleven participants had complete home practice data.
Participants reported practicing any of the assigned mind-
fulness skills on a median of 95.2% of days assigned
(interquartile range [IQR] = 28.0, range 56.5% to 102.6%),
and a median of 5.7 days per week (IQR = 1.5, range 3.4 to
6.3). Some participants reported practicing 7 days in a week
(instead of the assigned 6), and in some instances reported
practicing for more than 7 days if scheduling conflicts or
illness resulted in two weeks elapsing between sessions.
Consequently, the range included greater than 100% of days
assigned. Participants’ reported total number of days
practicing each of the mindfulness skills were as follows:
Body Scan meditation (M = 16.82 [SD = 4.09], range 10-
22); Informal mindfulness during a routine daily activity
M = 9.73 [SD = 3.10], range 4-15); Guided sitting med-
itations, including any combination of mindfulness of
breath, body, sounds, thoughts, and difficulty (M = 25.73
[SD = 5.93], range 13-36); Mindful movement and/or
walking (M = 13.00 [SD = 7.10], range 1-23); Scheduled
3-minute breathing space (M =23.36 [SD =10.26], range 9-
38); Responsive 3-minute breathing space (M =11.27 [SD =
7.85], range 0-26).

Acceptability

On the satisfaction questionnaire, most participants (92%)
rated the overall helpfulness and the likelihood of recom-
mending the mindfulness program to a friend at least 7 on a
scale of 1 to 10 (Table 2). Most participants reported that the
benefits of the program outweighed the effort put in (82%),
the importance of the program to surgical recovery was as or
more important compared to other services received (92%),
and the program led to meaningful improvements in pain
bothersomeness (67%), physical well-being (83%) and
emotional well-being (92%). Fewer participants felt that the
program led to meaningful reductions in pain intensity (42%)
or the need to take pain medications (42%).

Semi-Structured Exit Interviews

Perceived Benefits of the MBI. All participants reported that
the MBI was beneficial for at least one aspect of their
postsurgical recovery and/or general well-being. Over half of
participants reported that the MBI provided tools to either
manage or cope with postsurgical pain. For example, some
shared that the skills improved their ability “to set it [pain]
aside” (pt 21) or to attend to pain sensations such that they
could reframe their thoughts about or reactions to the pain.
Many participants described how the program was beneficial
for addressing difficult emotions after surgery, including
depression, anxiety, stress, fear of movement and reinjury,
guilt around social role limitations, and frustration about
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Table |I. Baseline Demographic and Surgical Characteristics (N = |5, Includes Participants Who Initiated the Postoperative Mindfulness-
Based Intervention).

Variable N (%) or M (SD), Range
Age 55.7 (17.2), 30 - 77
Sex
Female 7 (46.7%)
Male 8 (53.3%)
Ethnicity
Hispanic/Latino 0 (0.00%)
Not Hispanic/Latino 15 (100.0%)
Race
White 13 (86.7%)
Black/African American | (6.7%)
Other | (6.7%)
Education
High School/GED 3 (20.0%)
Two-year college degree 3 (20.0%)
Four-year college degree 5 (33.3%)
Post-college 4 (26.7%)
Marital Status
Single/Widower 0 (0.0%)
Married Il (73.3%)
Divorced | (6.7%)
Living with partner 3 (20.0%)
Employment
Currently working 5 (33.3%)
Short-term disability or leave 2 (13.3%)
Unemployed 6 (40.0%)
Attending school | (6.7%)
Unknown/not reported | (6.7%)
Current preoperative opioid use
No 15 (100%)
Yes 0 (0%)
Primary lumbar degenerative spine diagnosis
Spinal Stenosis 7 (46.7%)
Spondylosis | (6.7%)
Degenerative Spondylolisthesis 2 (13.3%)
Isthmic spondylolisthesis 3 (20.0%)
Other 2 (13.3%)
Surgical procedure performed
Laminectomy without fusion 3 (20.0%)
Laminectomy with fusion 9 (60.0%)
Fusion only 3 (20.0%)
Number of spinal levels operated
| 9 (60.0%)
2 3 (20.0%)
3 2 (13.3%)
>3 | (6.7%)
Psychiatric Diagnosis (per electronic medical record)® 5 (33.3%)
Diagnoses present included depressive disorders, anxiety disorders, and ADHD.
activity limitations. One participant described being “super Perceptions of MBI Program Components. Most participants

anxious” about movement after surgery and shared that the (75%) reported that the number of sessions and the length of
mindfulness practices were “just really helpful for kind of  sessions was just right. All 12 participants reported positive
dispelling some of that anxiety within” (pt 10). perceptions of the telehealth format, with 3 (25%) also
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Pre-screened from chart review (n=359)

Attempted to contact with no response (n=16)

Approached (n=60)
*  Declined: 35

Excluded (n=283)

Prior lumbar surgery (n=157)

Surgery secondary to deformity, tumor, trauma,
infection (n=73)

Minimally invasive surgery (n=31)

Non-English speaking (n=7)

Back and/or leg pain < 3 months (n=3)

> mild cognitive impairment (n=2)

Unable to return for clinic visits after surgery (n=9)
Bipolar disorder (n=1)

y

Consented and screened (n=25)

Excluded prior to surgery (n=4)

Prior lumbar surgery (n=1)
Back and/or leg pain < 3 months (n=1)
Surgery not completed (n=2)

A4

Enrolled (n=21)

Y

Withdrawn after surgery and prior to intervention (n=6)

Ineligible, had cervical spine surgery instead (n=1)
No longer interested (n=3)
No preoperative surveys (n=2)

Initiated intervention (n=15)
*  Completed 1 session (n=2)
*  Completed 3 sessions (n=1)
*  Completed 8 sessions (n=12)

Withdrew during intervention (n=3)

Due to life events (n=2)
Unknown reason (n=1)

Y

Completed 3-month follow-up (n=12)

Figure I. Flow diagram.

reporting sound challenges or difficulty finding an uninter-
rupted space to participate. Six out of 11 participants (55%)
would have considered the option to participate in the MBI in
a group format, whereas 5 participants stated they would not.

Perceptions of each mindfulness skill and cognitive/
behavioral component were largely coded as positive
(Figure 2(A) and (B)). Of the twelve participants, six (50%) had
all positively coded interview excerpts, with no neutral or
negatively coded excerpts. The remaining six participants
(50%) had at least one neutral and/or negatively coded excerpt.
The distribution of the combined number of neutral and
negatively coded excerpts per participant was as follows: 1
excerpt (n= 1), 3 excerpts (n= 1), 4 excerpts (n= 1), 5 excerpts
(n = 2), and 6 excerpts (n = 1). In a post-hoc analysis, we
examined whether the number of neutral or negatively coded
excerpts was correlated with participants’ responses on each of
the nine satisfaction questionnaire items, using Spearman’s

rank non-parametric correlations. The results showed large,
negative correlations with ratings of overall helpfulness of the
program (rtho = —0.69, P = .01) and with the likelihood of
recommending the program to a friend (tho=—0.77, P=.003).
Additionally, there were small to moderate negative correla-
tions with other items (Table 2). These findings suggest that
having a higher number of neutral or negatively coded per-
ceptions of individual MBI components in exit interviews was
associated with lower satisfaction ratings on the questionnaire.

Intervention Modification. Themes and suggestions were
identified to inform intervention modifications (Table 3) and
included: (1) Too much home practice during the latter part of
the program, (2) Pain management component of program
not relevant to everyone, (3) More explanation of program
and practice objectives needed, and (4) More emphasis on
mindful movement components.
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Table 2. Intervention Satisfaction Questionnaire Responses and Bivariate Correlations Between Item Response and Number of Neutral/
Negatively Coded Exit Interview Perceptions (N = 12).

Spearman’s Rank
Correlations

Item N (%) (Rho, 2-tailed P-value)
Overall helpfulness of program to surgical recovery (1-10) —0.69, P = .0l
3out 10 I (8%)
7 out of 10 2 (17%)
8 out of 10 5 (42%)
10 out of 10 4 (33%)
Likelihood of recommending program to a friend (1-10) —0.77, P = .003
3out 10 I (8%)
7 out of 10 I (8%)
8 out of 10 I (8%)
9 out of 10 2 (17%)
10 out of 10 7 (60%)
Overall benefit of program taking into account effort (1-5) —0.46, P = .13
I, The effort far outweighed the benefits 0 (0%)
2, The effort somewhat outweighed the benefits 0 (0%)
3, The benefits equaled the effort 2 (17%)
4, The benefits somewhat outweighed the effort I (8%)
5, The benefits far outweighed the effort 9 (75%)
Importance of program to recovery compared to other services received (1-5) —0.40, P = .20
I, Much less important 0 (0%)
2, Somewhat less important I (8%)
3, As important 2 (17%)
4, Somewhat more important 2 (17%)
5, Much more important 7 (58%)
Importance of program to any changes in need to take pain medications (1-5) —0.22, P = .50
I, Increased a meaningful amount 0 (0%)
2, Some increase, but not enough to be meaningful 0 (0%
3, No change 6 (50%)
4, Some decrease, but not enough to be meaningful I (8%)
5, Decreased a meaningful amount 5 (42%)
Importance of program to any changes in pain intensity (I-5) —0.28, P = .37
I, Increased a meaningful amount 0 (0%)
2, Some increase, but not enough to be meaningful 0 (0%)
3, No change 5 (42%)
4, Some decrease, but not enough to be meaningful 2 (17%)
5, Decreased a meaningful amount 5 (42%)
Importance of program to any changes in pain bothersomeness (I-5) —0.32, P = 31
I, Increased a meaningful amount 0 (0%)
2, Some increase, but not enough to be meaningful I (8%)
3, No change I (8%)
4, Some decrease, but not enough to be meaningful 2 (17%)
5, Decreased a meaningful amount 8 (67%)
Importance of program to any changes in physical well-being (1-5) —0.55, P = .06
I, Decreased a meaningful amount 0 (0%)
2, Some decrease, but not enough to be meaningful I (8%)
3, No change 0 (0%)
4, Some increase, but not enough to be meaningful I (8%)
5, Increased a meaningful amount 10 (83%)
Importance of program to any changes in emotional well-being (1-5) —0.37,P=.23
I, Decreased a meaningful amount 0 (0%)
2, Some decrease, but not enough to be meaningful 0 (0%)
3, No change 0 (0%)
4, Some increase, but not enough to be meaningful I (8%)

5, Increased a meaningful amount Il (92%)
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Figure 2. (A) perceptions of program and mindfulness skills from exit interviews (N = 12). (B) Perceptions of didactic and cognitive/

behavioral components from exit interviews (N = 12).

Close to half (42%) of participants reported there was too
much assigned home practice, especially after returning to
work or activity, whereas 2 participants (17%) thought there
was not enough. Several participants shared that they were
experiencing very little pain at the start of the MBI and thus the
pain-management component of the program was less relevant
to them, although they found the MBI beneficial for other
aspects of recovery. Those participants reported that they might
have preferred having several of the sessions before surgery or
starting the program within 1 week after surgery.

Two participants expressed that the purpose of the program
was not clear and that they may have obtained more benefit had
they understood the purpose earlier. Some participants did not
understand the objective of each individual mindfulness skill
prior to practicing it in session. Some participants thought that
the mindful movement, mindful walking, and activity pacing
skills could have been introduced earlier in the program and
emphasized more than they were.

Improvement in Self-Reported Pain, Disability, and
Psychosocial Measures

There were significant within-subject improvements with large
effect sizes from preoperatively to 3-month follow-up for pain and
disability outcomes (Supplemental Table 2) and most psycho-
social factors, except for perceived stress and dispositional
mindfulness (Supplemental Table 3). The percentage of partici-
pants achieving MCID ranged from 75% for the ODI and back
pain intensity to 92% for pain bothersomeness (Supplemental
Table 2). Spaghetti plots displaying individual participant scores
on pain and disability outcomes at preoperative baseline and 3-
month follow-up are shown in Supplemental Figures 1-5.

Discussion

This study evaluated the feasibility, acceptability, and po-
tential clinical promise of an 8-week telehealth MBI delivered

one-on-one to patients following lumbar spine surgery.
Utilizing both quantitative and qualitative methods facilitated
collection of key feasibility and acceptability outcomes to
inform a future intervention trial.** Enrollment and retention
rates were lower than expected benchmarks of 50% and 90%,
respectively; however, session attendance and home practice
completion were higher than the expected benchmark of
75%. The overall MBI and its components were perceived as
highly acceptable on the satisfaction questionnaire and exit
interviews. There were significant improvements for dis-
ability, pain, and psychosocial factors (except perceived
stress and dispositional mindfulness) at 3 months post-
surgically. Qualitative data informed future modifications
to the MBI that included reductions in and individual tailoring
of home practice; applying skills to postsurgical concerns
besides pain; providing clearer explanations for MBI ob-
jectives and each individual skill; and earlier introduction and
greater emphasis on the mindful movement components.
These modifications will be applied in subsequent trials of
this intervention.

Our enrollment rate of 35% was lower than expected based
on earlier studies conducted at the participating site.>** This
might be related to a difference in the type of behavioral
intervention, with earlier studies focused on CBT-based
programs that were 6 sessions long compared with 8 in
our study. The COVID-19 pandemic might also have im-
pacted patients’ willingness to participate in research studies,
as this study was conducted in 2021-2022 during the pan-
demic. Recruitment in the spine center clinic involved a warm
hand-off from the treating surgeon to the recruiting study
coordinator during preoperative visits. We speculate that
patients were less likely to accept meetings with the coor-
dinator during the pandemic. Another pilot study at our in-
stitution with a similar patient population from 2020-2021
had a comparable enrollment rate of 41%.%° Additionally, our
study’s retention rate of 80% was slightly below the 90%
benchmark, possibly due to not collecting 3-month follow-up
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Table 3. Qualitative Exit Interview Themes and Future Intervention Modifications or Research Considerations.

Theme/s

lllustrative Quote/s

Intervention Modifications or Considerations for
Future Research

Too much home practice
during the latter part of the
program

gave some structure to my day because otherwise it was
just laying on the couch all day long... You can get listless.
You can get depressed, all these things, and having it
provide some structure to my day was, for me, really
healthy. Then by the time | got back to work, it did get a
little bit more difficult fitting in time to do that because all
of a sudden I'm very busy” (Pt Ol)

Pain management component “By two weeks my pain was gone, and | think that’s when

of program not relevant to
everyone

More explanation of program
and practice objectives
needed

More emphasis on mindful
movement components

you started it about, and so | wasn’t dealing with pain... It
wasn’t a pain relief study for me because of my situation.
What | had said to [interventionist name] was | would’ve
loved that study three weeks pre-surgery and five weeks
post-surgery after two weeks or so till you’re ready to do
it” (Pt 12)

“I would say the only negative thing about the program was the

very first day probably could have spent a little more time
actually emphasizing what the goals in this program were.
Cause | didn’t understand it until maybe the third or fourth
session. Then | redlized, oh, this is the object of this. So yeah,
if | could have understood it a little bit sooner, | probably
would’ve gotten a little more out of the program. (Pt 03)

“I guess, maybe, a definition of the object of each practice

ahead of time would help...if you identify the practice
and give the purpose for the practice, as opposed to just
doing the practice first, it might make it easier to
understand.” (Pt 03)

good. Very good. | think we could have done more with it
in the program...Obviously mobility is so important, |
think, for reducing pain and everything.” (Pt 12)

“I think that one [mindful movement] would be more useful,

| think presented maybe a little earlier on.” (pt 10)

didn’t stick. | remember doing it, but it didn’t stick with as
something that I'm currently using.” (pt 02)

“Before | got back to work, it [home mindfulness practice] Modifications:

* Reductions in home practice amounts throughout
(eg, alternating days instead of two audio-guided
practices per day)

* Greater emphasis in 2nd half of program on
individual tailoring of home practice assignments
and on integrating mindfulness into daily
movement, physical therapy home exercises,
moments of pain or stress, and other activities

Modifications:

* If participant reports little to no pain, apply skills to
other aspects of surgical recovery (eg, stress/
emotional reactions, fear of movement, bodily
awareness) and to managing potential future pains

Considerations for future research:

* Compare varied timing of program delivery (eg,
preoperative, postoperative, spanning pre- to
post-operative); determine who benefits most
from specific timing

Modifications:

* Session |: Provide clearer and more detailed
explanation of the scientific rationale and the
purpose of the MBI for surgical recovery

¢ Include themes for each session in manual,
integrated into discussions by interventionist

* Provide clear objective of each new mindfulness
skill and how it builds on previous skills before
guiding in session

“I thought that [mindful movement and walking] was really Modifications:

* Introduce mindful movement and activity pacing
skills earlier in the program (sessions 3 & 4 instead
of 5 & 7, respectively

“I remember going over that one [activity pacing] briefly. It + Deliver guided mindful movement or walking skills

during 4 sessions instead of 3 sessions

* Increased integration of mindful movement and
activity pacing skills during discussions and in
tailoring of home practice assignments.

data from participants who discontinued the intervention
sessions. However, 80% of participants completed all 8
sessions, exceeding completion rates in other trials of MBIs
involving chronic low back pain populations.'***** In future
trials, we will aim to collect follow-up data from all willing
participants, regardless of intervention completion

The average days of home mindfulness practice in our
sample was higher than in prior studies of group-delivered, 8-
session MBIs in patients with chronic low back pain.’'™?
This may be due to surgical patients having more time

available to practice due to sick leave or driving/activity
restrictions. Participants reported that practice was easier to
complete during the early recovery period and more chal-
lenging after returning to work or daily activities. The high
engagement between sessions suggests that early after sur-
gery may be an opportune time to deliver the intervention to
optimize home practice. It is also possible that adherence was
high due to the individualized attention participants received,
as the intervention was delivered one-on-one instead of in the
typical group format.
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Around half of participants interviewed said they would
consider participating in a group-delivered intervention.
Group interventions provide the benefit of peer support and
shared experiences, as noted by participants of group MBIs
for chronic pain management.>*® To date, one pilot study'®
has directly compared a group- to individual-delivered
MBCT intervention in adults with depression and co-
morbid somatic conditions and found improvements in
psychological outcomes with no differences between group
or individual MBCT."® Delivering a group MBI has chal-
lenges in a surgical spine population since surgical volumes at
many centers are too low for group formation. Alternatives
include centralizing group-delivered MBIs across sites or
initiating a group-delivered MBI before surgery, similar to
preoperative educational sessions in patients undergoing total
joint surgery,””® and then offering drop-in sessions after
surgery.

The high satisfaction reported by patients is consistent
with prior studies of MBIs for chronic pain.>** Participants’
perception that the MBI was meaningful to aspects of re-
covery was mirrored in the high percentages of participants
achieving MCID in patient-reported outcomes. Notably, very
high percentages of participants achieved MCID for pain
bothersomeness and pain interference, patient-reported out-
comes that are less commonly reported in lumbar spine
surgery trials.>® These pain outcomes are targeted in trials of
MBIs and other psychosocial interventions for chronic pain
and should be considered for future surgical populations. '~

Significant within-participant improvements in psycho-
social risk and protective factors including kinesiophobia,
pain catastrophizing, and pain-related self-efficacy were
observed from preoperative baseline to 3-month follow-up.
Exit interviews corroborated most quantitative findings, with
participants describing how the MBI benefitted them with
regards to pain coping, re-appraisal of pain sensations, and
reduced fear of movement. Reductions in Perceived Stress
measured with the PSS-4 were not significant, yet several
participants described in exit interviews a benefit of the MBI
for general stress management.

Some participants recommended earlier and greater em-
phasis on mindful movement and activity pacing skills during
the MBI, intervention components that we speculate could
play a role in reducing kinesiophobia (ie, pain-related fear of
movement or physical activity). Higher levels of kinesi-
ophobia early after lumbar spine surgery predict poorer long-
term surgical outcomes'® and further study of the impact of a
postsurgical MBI on kinesiophobia is warranted. There was
not a significant improvement in dispositional mindfulness,
as measured by the FFMQ-short form. Increases in dispo-
sitional ~ mindfulness  during MBIs are found
inconsistently.*>*° Lack of increases in mindfulness can
result from measurement response-shift, in which partici-
pants’ frame of reference for survey items shifts as a result of
the MBI, leading to similar or lower post-intervention
mindfulness scores.®’ Methods of adjusting for response-

shift in MBIs have been proposed and may enhance the
reliability of mindfulness measurement in future trials.®’ The
effect size for the change in mindfulness in our study was
moderate, and the study was not powered to detect small to
medium-sized effects. It is also possible that measures of
dispositional mindfulness other than the FFMQ may be more
sensitive to intervention-related change in this patient pop-
ulation and could be explored in future trials. The benefits of
MBIs in pain populations might also stem from improve-
ments in key factors such as pain catastrophizing and self-
efficacy, which improved similarly to cognitive behavioral
therapy in two studies comparing mindfulness-based stress
reduction to cognitive behavioral therapy in patients with
chronic low back pain.?’2' In one of these studies, cross-
lagged analyses indicated that only prior-week changes in
pain catastrophizing and pain self-efficacy, but not in
mindfulness as measured by the FFMQ-short form, predicted
unique variance in next-week pain interference and pain
intensity.?’

Limitations

The sample size was small as the study objective was to test
initial feasibility and acceptability of the intervention, which
resulted in limited diversity with respect to racial and ethnic
background. Patients of racial and ethnic minority status are
underrepresented within the spine surgery population com-
pared with the general population of the United States.*>%’
Future multi-site studies could enroll patients across geo-
graphically distinct spine centers, thereby enrolling a sample
that is more representative of the patient population under-
going spine surgery and increasing external generalizability
of study results. Enrolling study samples representative of the
targeted patient population is a common challenge in trials of
MBIs, and strategies have been recommended such as col-
laborating with stakeholders from diverse populations and
diversifying the research investigators, MBI interventionists,
and study settings.®* There was no comparison group in this
study so improvements in outcomes cannot be attributed
specifically to the telehealth MBI. Comparison to usual
postoperative care, attention-controlled conditions, and/or
active postoperative interventions can help address this
limitation and disentangle benefits specific to the MBI or
shared across interventions. In addition, outcomes were
collected at 3 months postoperatively and future work is
needed to determine maintenance of treatment effects up to
12 months postoperatively, the commonly accepted time
frame for outcome assessment after lumbar spine surgery.*>%>
Other limitations are the possibility of biases introduced
during exit interviews conducted by researchers involved in
the study in addition to the reliance on patient-reported
outcomes without objective measures of improvement, par-
ticularly in this nonblinded study.

If future randomized controlled trials demonstrate the
efficacy of the postsurgical MBI, its implementation could be
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expanded by training pain psychologists—professionals who
specialize in treating pain conditions through psychological
and behavioral approaches. These specialists are already
employed within many major pain treatment centers. Fur-
thermore, research has shown that a web-based, self-paced
MBI can be as effective as an instructor-delivered telehealth
MBI for patients with chronic pain,'> suggesting that this
format could provide a lower-resource alternative for scaling
the postsurgical MBI, making it more accessible to a broader
patient population.

Conclusions

Results indicate an 8-session telehealth MBI delivered one-
on-one to patients after elective lumbar spine surgery is
feasible, acceptable and most patients perceive meaningful
benefits to their surgical recovery from the MBI. Due to the
single-group design lacking a comparison group, the MBI
cannot be inferred as the cause of the reported improvements.
Results support future fully powered randomized controlled
trials with longer-term follow-up to determine effects of
MBIs after lumbar spine surgery for chronic spine pain.
Given the limited demographic diversity in the study sample,
we recommend that future randomized trials include multiple
sites and utilize strategies to recruit a sample that is repre-
sentative of the larger patient population undergoing lumbar
spine surgery.
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