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RESEARCH ARTICLE

A retrospective study on the acceptability, feasibility, and effectiveness of
LoveYourBrain Yoga for people with traumatic brain injury and caregivers

Kyla Z. Donnellya,b , Kim Bakerb, Ramsay Pierceb, Amanda R. St. Ivanya , Paul J. Barrc and Martha L. Brucea

aDepartment of Psychiatry, Geisel School of Medicine at Dartmouth College, Lebanon, NH, USA; bThe LoveYourBrain Foundation, Windsor, VT,
USA; cThe Dartmouth Institute for Health Policy and Clinical Practice, Geisel School of Medicine at Dartmouth College, Lebanon, NH, USA

ABSTRACT
Purpose: To conduct a mixed methods, pre-post, retrospective study on the feasibility, acceptability, and
effectiveness of the LoveYourBrain Yoga program.
Materials and Methods: People were eligible if they were a traumatic brain injury survivor or caregiver,
age 15–70, ambulatory, and capable of gentle exercise and group discussion. We analyzed attendance,
satisfaction, and mean differences in scores on Quality of Life After Brain Injury Overall scale (QOLIBRI-OS)
and four TBI-QOL/Neuro-QOL scales. Content analysis explored perceptions of benefits and areas of
improvement.
Results: 1563 people (82.0%) participated �1 class in 156 programs across 18 states and 3 Canadian
provinces. Mean satisfaction was 9.3 out of 10 (SD 1.0). Mixed effects linear regression found significant
improvements in QOLIBRI-OS (B 9.70, 95% CI: 8.51, 10.90), Resilience (B 1.30, 95% CI: 0.60, 2.06), Positive
Affect and Well-being (B 1.49, 95% CI: 1.14, 1.84), and Cognition (B 1.48, 95% CI: 0.78, 2.18) among trau-
matic brain injury survivors (n¼ 705). No improvement was found in Emotional and Behavioral
Dysregulation, however, content analysis revealed better ability to regulate anxiety, anger, stress, and
impulsivity. Caregivers perceived improvements in physical and psychological health.
Conclusions: LoveYourBrain Yoga is feasible and acceptable and may be an effective mode of commu-
nity-based rehabilitation.

� IMPLICATIONS FOR REHABILITATION
� People with traumatic brain injury and their caregivers often experience poor quality of life and diffi-

culty accessing community-based rehabilitation services.
� Yoga is a holistic, mind-body therapy with many benefits to quality of life, yet is largely inaccessible

to people affected by traumatic brain injury in community settings.
� Participants in LoveYourBrain Yoga, a six-session, community-based yoga with psychoeducation pro-

gram in 18 states and 3 Canadian provinces, experienced significant improvements in quality of life,
resilience, cognition, and positive affect.

� LoveYourBrain Yoga is feasible and acceptable when implemented on a large scale and may be an
effective mode of, or adjunct to, community-based rehabilitation.
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Introduction

Traumatic brain injury (TBI) is a prevalent, chronic health condi-
tion defined by wide-ranging cognitive, physical, emotional, and
behavioral symptoms that compromise quality of life [1]. Each
year in the United States, about 2.8 million people experience a
TBI [2], which can range in severity from mild to severe.
According to the World Health Organization, the ultimate goal of
rehabilitation is functional independence for participation in daily
living (e.g., work, leisure, community) [3]. However, across all
severity levels, impairments to cognition (e.g., attention control,
memory, executive functions [4]) and physical health (e.g., com-
promised balance [5], gait difficulties [6], weakness [7]) can make
it difficult for people to engage in activities they find meaningful
[8–13]. Also, psychiatric and mood disorders are common post-
TBI, ranging from 6% to 77% for depression and 18% to 60% for
anxiety [14]. These conditions, which are often accompanied by

poor coping strategies [15], can adversely impact quality of life
for decades following the injury [16].

While evidence-based treatments for physical therapy [17], psy-
chotherapy [18], and cognitive rehabilitation for TBI exist [19–21],
they are frequently offered during shorter-term rehabilitation and
are typically not available on a continuing basis in the commu-
nity. This is problematic given that people are now living longer
after TBI and, as a result, require ongoing rehabilitation to regain
health and wellbeing [22]. Indeed, as many as 5.3 million people
in the United States are estimated to be living with the challenges
of long-term TBI-related disability [23]. Research has found that
people with long-term disabilities, including TBI, report feeling ill-
prepared for the emotional challenges of adjusting to a long-term
condition and, once discharged from rehabilitation, often face iso-
lation, difficulty identifying and accessing community services
[24–26], and other unmet needs [27]. As a result, spouses, parents,
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or other family members often assume a caregiving role, which is
associated with a range of adverse effects, including anxiety,
depression, poor physical health, and lowered quality of life [28].

Yoga is a holistic modality involving physical movement,
breathing exercises, meditation practices, and moral principles
that is increasingly being offered in community settings for clin-
ical populations [29,30]. Its emphasis on mind-body connection
[31] and adaptive conceptions of the self [32] may be particularly
relevant to people with TBI who often continue to struggle with
these areas post-injury [33]. A growing body of research has
shown that yoga interventions can improve a range of outcomes
from TBI (e.g., quality of life [34], physical functioning [35], emo-
tional regulation [36], and psychological wellbeing [37]). For
example, a study of 31 people with brain injury, including 26 with
TBI, found that people (n¼ 16) who attended an 8 week yoga
program in their community experienced significant improve-
ments in Quality of Life After Brain Injury (QOLIBRI) scores, while
no improvements were found among the control group (n¼ 15)
[34]. A case study of three people with TBI who completed one-
on-one yoga classes twice a week for 8 weeks found that, on
average, participants had a 16% improvement in Difficulty in
Emotional Regulation Scale scores and 6% improvement in
QOLIBRI scores [36]. Finally, a study of 19 veterans with TBI
attending weekly group-based mindfulness/yoga classes at a resi-
dential rehabilitation program found that many participants
reported deep breathing as helpful for managing stress and
mood [38]. Notably, none of these interventions included care-
givers, although caregivers in other medical settings have bene-
fited mentally and physically from yoga [39]. In general, group
interventions for caregivers of people with brain injury offer
greater benefits than individual interventions for enhancing social
support [40], which is one of the strongest predictors of overall
family functioning and reduced caregiver distress [41]. Therefore,
group-based yoga is a potential solution to addressing a range of
symptoms and effects of TBI for both the patient and caregiver,
yet yoga specifically adapted to accommodate the complexity of
TBI is largely inaccessible in community settings.

To address this gap, the LoveYourBrain Foundation developed
a group-based yoga program for people with TBI and their care-
givers in community settings. Designed based on the positive
results of a pilot study [34], LoveYourBrain Yoga is a six session,
manualized curriculum that includes breathing exercises, gentle
yoga, guided meditation, and psychoeducation with group discus-
sion. The ultimate goal of the program is to improve quality of
life, promote community reintegration, and build skills in resili-
ence, a quality associated with improved coping and adjustment
post-injury [42,43]. As such, since 2015, the LoveYourBrain
Foundation has partnered with yoga studios and trained certified
yoga teachers to implement LoveYourBrain Yoga in community
settings across the United States and Canada with a goal of
expanding to all 50 states by 2021. LoveYourBrain employs a var-
iety of methods to promote participation, including educating
health professionals on the evidence-based benefits of yoga and
how eligible patients can access the program, appointing clinical
and community champions to raise awareness about the program,
engaging press outlets, and participating in Brain Injury
Association/Alliance conferences. A qualitative evaluation of 13
people with TBI and 3 caregivers’ experience in LoveYourBrain
Yoga found that participants reported diverse and meaningful
physical (e.g., strength, balance, flexibility), cognitive (e.g., atten-
tion control), psychological (e.g., optimism, ability to cope with
negative emotions and stress), and social health benefits (e.g.
community connection) [44]. However, the qualitative design and

small sample of this study limit inferences about the acceptability
and feasibility of LoveYourBrain Yoga on a larger scale and its
potential effectiveness as a mode of community-based rehabilita-
tion. Therefore, the aim of this mixed methods, pre-post, retro-
spective cohort study was to evaluate the acceptability, feasibility,
and effectiveness of the LoveYourBrain Yoga program.

Materials and methods

The study received approval from the Dartmouth College
Committee for the Protection of Human Subjects (#31263).
We adhered to the STROBE reporting guidelines for cohort
studies [45].

Design

This mixed methods, pre-post, retrospective study evaluated data
collected by the LoveYourBrain Foundation before and after peo-
ple participated in the LoveYourBrain Yoga program. A concurrent
triangulation mixed methods design was chosen so as to be able
to expand upon the quantitative data findings through collection
of open-ended qualitative data [46]. Specifically, both quantitative
and qualitative data were collected simultaneously, analyzed sep-
arately, and then combined to provide a richer understanding of
acceptability, feasibility, and effectiveness domains.

Participants

Participants were eligible for the study if they had participated in
LoveYourBrain Yoga between September 2016 and December
2018, were 15–70 years of age, and gave their permission to
LoveYourBrain for their data to be used for research purposes.
Permission was requested both when participants completed the
eligibility form and when they completed the feedback form, so
data could have been included from just one or both forms. To
be eligible for participating in LoveYourBrain Yoga, people must
have self-identified as having experienced a TBI or being a care-
giver of someone who experienced a TBI, were 70 years of age or
younger, were ambulatory (i.e., not rely on an assistive device for
movement), had not been told by a medical professional to avoid
gentle exercise, were open to participating in group discussion,
and could follow instructions.

Intervention

Since 2015, the LoveYourBrain Foundation has offered a free,
6-week yoga with psychoeducation program for groups of individ-
uals with a TBI and caregivers. Detailed information about the cur-
riculum design can be found elsewhere (curriculum available
upon request) [44]. Briefly, each class is 1.5 h and has a specific
structure: 10min of breathing exercises (pranayama) to calm the
nervous system, 45min of gentle yoga (asana) to improve
strength, flexibility, and balance, 15min of guided meditation to
enhance attention control, emotional regulation, and self-efficacy,
and 20min of facilitated discussion with psychoeducation to culti-
vate skills in resilience. Psychoeducation involves the provision of
information and activities to enable patients to better understand
and cope with their injury [47], which, in this context, included
didactic material, question prompts, and exercises (i.e., role model
identification, mental flexibility, realistic optimism, facing fear,
social support, meaning and purpose) to build skills in resilience
and community connection [48].
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Two experienced certified yoga teachers from LoveYourBrain
conduct 18-h trainings for certified yoga teachers to learn how to
deliver the curriculum in yoga studios that partner with
LoveYourBrain. To teach the curriculum, yoga teachers must have
a minimum of a 200-h yoga teacher certification, have experience
teaching gentle yoga, meditation, and pranayama, have experi-
ence or a strong interest in teaching people with TBI and physical
and/or cognitive limitations, complete an assessment following
the training, complete a professional conduct agreement, and
have insurance. LoveYourBrain pays one primary and one assist-
ant teacher to teach each program. The curriculum is outlined in
a manual that teachers use to guide each class as a strategy to
promote intervention fidelity. LoveYourBrain also requires the pri-
mary teacher to submit an audio recording of themselves teach-
ing the first class to LoveYourBrain staff for feedback and
schedule ‘mentorship calls’ after the first, third, and final class to
discuss any unforeseen challenges and receive individualized sup-
port. Programs are offered four times a year and only run if a
minimum of seven participants sign up to ensure sufficient
participation for a meaningful group discussion and for
LoveYourBrain’s financial viability. A maximum of 13 people are
allowed to facilitate equitable participation in the group discus-
sion and to maintain a low student to teacher ratio. People can
participate in the series multiple times at no cost.

LoveYourBrain is intentional about partnering with yoga stu-
dios dedicated to offering inclusive, accessible yoga that meet
certain Americans with Disabilities Act standards (e.g., ground-
level or elevator access) and environmental conditions (e.g., low
lighting, minimal noise, not very crowded), commit to offering the
LoveYourBrain Yoga four times a year, nominate four or more cer-
tified yoga teachers to attend the LoveYourBrain Yoga teacher
training, and appoint a program champion to maintain communi-
cations with LoveYourBrain staff. Population density and access to
public transportation are also key considerations, with strong pref-
erence for locations that have sufficient demand (i.e., if located
rurally, must be near a neurorehabilitation facility that offers out-
patient services for TBI). Once a partnership is established,
which includes signing a Memorandum of Understanding and
Liability Waiver to clarify partnership expectations and roles,
LoveYourBrain conducts a site visit to cultivate relationships with
the yoga studio program champion, owner/manager, staff, and
yoga teachers and provide an hour-long training on key program
goals and logistics (e.g., program scheduling, attendance tracking
and reporting, etc.).

Measures and data collection

Data included in this study comprised self-reported quantitative
and qualitative data collected electronically in eligibility and feed-
back form surveys. Specifically, to participate in LoveYourBrain
Yoga, people are required to complete an electronic eligibility
form (see Supplementary Appendix) up to 6 weeks before the
start of the program. This form takes approximately 10–15min to
complete and asks prospective participants to answer questions
about their eligibility for the program, demographic characteris-
tics, injury history, five clinical outcomes, where they learned
about the program, and whether they give LoveYourBrain permis-
sion to use their data for research purposes, and to provide a wai-
ver of liability. At the end of the program, participants who took
one or more classes are sent an electronic feedback form and
asked to complete it within 3 weeks. The feedback form takes
about 10min to complete and includes the same five outcomes
assessed in the eligibility form. Unique questions are presented to

participants who completed the program (defined by
LoveYourBrain as those who took at least four out of six classes)
including the perceived program quality, benefits, and areas for
improvement, as well as to people who do not complete the pro-
gram (defined as those who attended less than four classes),
including why they did not complete the program. Feedback
forms are not sent to participants who were “no shows” or can-
celed before the program started. Participants received two auto-
mated follow-up emails requesting that they complete the
feedback form at 1 week intervals.

Sociodemographic characteristics and injury history

The LoveYourBrain Yoga eligibility form collected data on age,
gender, and whether the participant identified as a TBI survivor or
caregiver. People who experienced a TBI were asked to report
age at injury, etiology of injury [23], injury severity (i.e., mild, mod-
erate, or severe), and duration of loss of consciousness [23]. They
were also asked to respond to the question, “Do you currently
experience any of the following conditions?” with an option to
select any of the following symptoms: light sensitivity, hemipar-
esis, post-traumatic stress or PTSD, paralysis on one side of the
body, post-concussion syndrome, and/or seizures.

Feasibility

Feasibility is defined as the extent to which an intervention can
be successfully conducted within a specific setting as reflected by
participation and retention rates [49]. To assess feasibility of
LoveYourBrain Yoga, we described the total number of people
who signed up, the number of classes attended by participant
(i.e., 1–6 classes), the number of participants who canceled or
were “no shows”, the number of participants who participated
more than once, the mean attendance per program, the number
of programs offered, the number of programs canceled due to
low enrollment (i.e., less than seven people), and the mode of
referral to the program. The LoveYourBrain Foundation also pro-
vided information on the number and location of yoga studios
that offered the program and that stopped offering the program
during the study timeframe.

Acceptability

Acceptability is the perception among implementation stakehold-
ers that components of the intervention (e.g., content, complexity,
or comfort) are agreeable or satisfactory [49]. To assess partici-
pants’ perceptions of the acceptability of LoveYourBrain Yoga,
participants who had completed at least four out of the six
classes were asked to respond to the question, “On a scale from 1
to 10, how would you rate this series?” (1 ‘poor’–10 ‘excellent’).
These participants were also to respond to open text questions
about their (i) perceptions of the benefits of participating (What
are three things you found most helpful from this series? Did you
notice any impact on the day-to-day quality of life of the person
with a TBI whom you support? Did you notice any impact on
your day-to-day quality of life?), and (ii) and perceptions of any
areas for improvement (What are three things you feel could be
improved about this series?). Participants who had taken less than
four out of the six classes were asked to respond to the question,
“Why did you not attend or complete the LoveYourBrain Yoga
program?”, by selecting among four options (i.e., “My schedule
changed”, “I experienced medical complications that I didn’t
anticipate”, “I didn’t like the class”, “I changed my mind and
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decided it wasn’t for me”, “I couldn’t find transportation”) or to
select “other” and input their reason.

Effectiveness

Five self-reported clinical outcomes were used to assess the
effectiveness of LoveYourBrain Yoga for people with TBI. Outcome
data were not collected for caregivers due to the limitations in
reliability and validity of health-related quality of life outcomes
specific to caregivers of the TBI population at the time of study
design [50].

Quality of life

Quality of life was assessed using the Quality of Life After Brain
Injury overall scale (QOLIBRI-OS), which has good reliability
(Cronbach’s a¼ 0.86, test-retest reliability ¼ 0.81) in patients with
TBI [51]. Participants were presented with an opening statement,
“These questions are about how you feel overall now (including in
the past week)” and rated 6 questions on a 1–5 Likert scale (1
“Not at all”, 2 “Slightly”, 3 “Moderately”, 4 “Quite”, and 5 “Very”).
The responses were summed to give a total, then divided by the
number of responses to give a scale mean (range 1–5), and finally
converted to a 0–100 scale.

Emotional and behavioral dysregulation

Emotional regulation defined as ‘set of disease and/or treatment
related to manifestations including disinhibition, emotional ability,
irritability, impatience, and impulsiveness’, was assessed using the
Emotional and Behavioral Dysregulation v1.0 SF8 from the
Neurology Quality-of-Life measurement initiative (Neuro-QOL), a
psychometrically robust outcomes tool in clinical trials research
and includes item banks assessing Physical, Emotional, Cognitive,
and Social Health [52]. Participants were presented with an open-
ing statement, “In the past seven days…” and rated 8 questions
on a 1–5 Likert scale (1 “Never”, 2 “Rarely (once)”, 3 “Sometimes
(two or three times)”, 4 “Often (about once a day)”, and 5 “Always
(several times a day)”).

Cognition

Cognition, defined as ‘perceived difficulties in cognitive abilities
(e.g., memory, attention, and decision making), or in the applica-
tion of such ability to everyday tasks (e.g., planning, organizing,
calculating, remembering and learning)’, was assessed using the
Cognition: General Concerns v1.0 SF10a from the TBI-QOL [53].
TBI-QOL are a set of self-report measures adapted from the
Neuro-QOL measures specific to the TBI population. TBI-QOL item
banks have demonstrated validity [54], responsiveness to change,
and measurement stability [55]. Participants were presented with
an opening statement, “In the past seven days…” and rated 10
questions on a 1–5 Likert scale (5 “Never”, 4 “Rarely (once)”, 3
“Sometimes (two or three times)”, 2 “Often (about once a day)”,
and 1 “Always (several times a day)”).

Positive affect and well-being

Positive affect, defined as ‘aspects of a person’s life that relate to
a sense of well-being, life satisfaction or an overall sense of pur-
pose and meaning’, was assessed using the Positive Affect and
Well-being v1.0 SF 9a from the TBI-QOL. Participants were pre-
sented with an opening statement, “Lately…” and rated

9 questions on a 1–5 Likert scale (1 “Never”, 2 “Rarely”, 3
“Sometimes”, 4 “Often”, and 5 “Always”).

Resilience

Resilience, defined as the ability to adapt to and/or overcome
adversity [48], was assessed using the Resilience v1.0 SF 10a from
the TBI-QOL Participants were presented with an opening state-
ment, “Lately…” and rated 10 questions on a 1–5 Likert scale (1
“Never”, 2 “Rarely”, 3 “Sometimes”, 4 “Often”, and 5 “Always”).

For all TBI-QOL scales, the internal consistency is good, ranging
from Cronbach’s a of 0.952 to 0.974 [53]. The raw scores were
summed and then converted to a T-score, and a higher score rep-
resents better functioning.

Data analysis

Quantitative analysis
Analyses of feasibility and acceptability included people who sub-
mitted an eligibility form and/or a feedback form. To analyze
feasibility, we used descriptive statistics to report attendance, the
number of programs offered and canceled, the mode of referral,
and yoga studio participation. Based on LoveYourBrain’s minimum
requirement of seven participants to operate a program, we con-
sidered LoveYourBrain Yoga to be feasible if at least 80% of pro-
grams met this threshold. To analyze acceptability, we used
descriptive statistics to assess the mean quality rating overall and
separately for people with TBI and caregivers. We considered
LoveYourBrain Yoga to be acceptable if the mean satisfaction rat-
ing was at least 8.0 overall and per subgroup. We used descriptive
statistics to describe the reasons why people reported not com-
pleting the program.

Analyses of effectiveness comprised non-missing, linked out-
come data in eligibility and feedback forms from unique partici-
pants with TBI. If people had missing outcome data (e.g., due to
failure to submit a feedback form, permission not granted for
data to be used for research on either the eligibility form or the
feedback form) participants were excluded listwise. If people par-
ticipated in a program more than once, data from their first time
participating were included and data from subsequent times were
excluded. For each of the five outcomes, we conducted univariate
linear regression to assess significant differences in mean scores
across time. We then conducted mixed effects linear regression to
control for demographic and injury-related characteristics. We
tested interactions between each of the covariates and time to
examine whether the effects were moderated by demographic
and injury-related characteristics. To account for the multiple
comparisons, statistical significance was assessed at a p< 0.01
level [56]. All analyses were conducted using Stata 15.

Content analysis

We used directed content analysis to explore the themes from
open text responses to questions about caregivers’ and TBI survi-
vors’ perceptions of the program’s benefits and areas of improve-
ment [57]. In a directed content analysis, initial coding categories
are derived from an existing theory or prior research, rather than
exclusively from the text. Specifically, the themes identified in the
qualitative evaluation of the LoveYourBrain Yoga program (i.e.,
ease of participation, belonging, sustaining community connec-
tion, physical health, self-regulation, self-efficacy, and resilience)
[44] informed the initial coding structure used to explore partici-
pants’ perceptions of how they personally benefited and how
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their experience could have been improved. We also explored
caregivers’ perceptions of how the person with a TBI whom they
supported benefited and whether TBI survivors’ perceived benefits
were consistent with or deviated from the quantitative findings.
Qualitative data was analyzed in Dedoose version 8.1.8.

Two members of the research team (KZD and AS) immersed
themselves in the data and collaboratively expanded upon the
initial coding structure. This process was intended to ensure con-
sistency in the interpretation of the data and also to include the
perspectives of a researcher with content expertise in adapting
yoga for TBI (KZD) and a researcher with expertise in qualitative
research (AS). The resulting coding framework was applied separ-
ately to each group whereby AS coded all caregiver text
responses and KZD coded all TBI survivor text responses. The
research team iteratively expanded and refined the coding struc-
ture and emerging themes, and met periodically to compare their
findings, share perspectives, and reconcile discrepancies. Content
memos were kept to define the codes and methodological
memos were written at the end of each coding session to track
analytic development. The final interpretation and descriptions of
the codes and emerging themes were presented to a third
researcher not involved in data analysis for an inquiry audit [58].
The authors then compared and integrated these findings with
the quantitative results by using the qualitative data to illustrate,
triangulate, and further expanded upon quantitative effects [59].
We applied Lincoln and Guba’s criteria for enhancing the trust-
worthiness of our qualitative data analysis and interpretation [60].
Specifically, to address credibility, we triangulated data from
quantitative and qualitative sources and from participants with
TBI and caregivers, and used peer-debriefing/inquiry audit. For
transferability, we provided thick descriptions of the
LoveYourBrain Yoga program delivery context and process. To
address dependability, we maintained an audit trail to keep notes
about decisions made during data analysis (e.g., trends and inter-
pretations of themes and subthemes) [60].

Results

Feasibility

Over the study timeframe, LoveYourBrain trained yoga teachers
from 45 yoga studios to offer the LoveYourBrain Yoga program in
three provinces in Canada (i.e., Quebec, Manitoba, Ontario), and
18 states in the United States, including six in the Northeast (i.e.,
Massachusetts, New Jersey, Pennsylvania, Vermont, New York,
New Hampshire), two in the South (i.e., Virginia, Georgia), five in
the Midwest (i.e., Nebraska, Michigan, Colorado, Texas, Illinois),
and five in the West (i.e., New Mexico, California, Washington,
Oregon, Arizona). Factors that contributed to successful partner-
ships included an engaged program champion, typically due to a
personal connection to TBI (either direct experience or close
friend/family), achieving high attendance, which served as a
motivator to the yoga teaching team, and LoveYourBrain
Foundation staff managing communications and program imple-
mentation processes (e.g., registration, questions from potential
students), which minimized logistical burden on yoga studios.
Partnerships were ended with six yoga studios. LoveYourBrain
chose to end partnerships with three yoga studios located in rural
areas because they did not experience sufficient demand. One
studio closed for financial reasons. Two studios chose to end the
partnership with LoveYourBrain because they were not satisfied
with their involvement in the program.

Our of a total of 168 programs that were opened for registra-
tion, 156 programs were successfully implemented (92.9%) and 12

were canceled (7.1%) due to low enrollment. Overall, 2050 people
signed up for the LoveYourBrain Yoga, including 1905 people
who were eligible for this study. People most often reported that
they had heard about the program from a family or friend, from a
health care professional, LoveYourBrain website or social media,
brain injury support group, or a yoga studio. 1565 of eligible peo-
ple had signed up for the program once, 246 people had signed
up twice, 61 people had signed up three times, 30 people had
signed up four times, and three people had signed up five times.
Eighty two percent (n¼ 1563) of eligible people who signed up
had participated in at least one class, while the remaining 18.0%
(n¼ 342) canceled or were “no shows”. Specifically, 21.7%
(n¼ 414) people had attended six classes, 20.2% (n¼ 385) people
had attended five classes, 15.5% (n¼ 296) people had attended
four classes, 7.9% (n¼ 151) people had attended three classes,
6.7% (n¼ 128) people had attended two classes, and 9.9%
(n¼ 189) people had attended one class. The mean class attend-
ance was 7.3 people (SD 2.3).

Content analysis revealed that participants most commonly
reported barriers to accessing the program if it was scheduled
during work hours, peak traffic, or too early in the morning, and if
the location required a far commute (i.e., over an hour of driving),
which triggered symptoms for people with TBI. In contrast, a few
participants noted that their success in navigating public transpor-
tation was empowering. As one participant shared, “being able to
take public transportation to class during rush hour was a massive
accomplishment!!! Gave me hope that I will be able to tackle
other everyday tasks with better success!” The factors most com-
monly reported to facilitate participants’ involvement included
that the program was free of cost, had a weekly routine schedule
that kept people accountable, had two instructors to provide add-
itional support (e.g., modification suggestions, props, demonstrate
the poses, gentle touch), and provided email communications
reminding them to attend.

Acceptability

The LoveYourBrain Foundation sent 1671 feedback forms to all
people who had attended one or more classes. 68.5% (n¼ 1145)
of people submitted a feedback form, including 1124 people who
were eligible for this study. 1116 of eligible people had partici-
pated in the program once and eight people had participated
twice. People who attended at least four out of six classes
(n¼ 1095) had been asked to rate the quality of the program. On
average, the satisfaction with the program was rated 9.3 out of
10 (SD 1.0), which was similar in both groups: 9.3 for people with
TBI and 9.4 for caregivers. People who attended less than four
classes (n¼ 468) had been asked to report a reason for low
attendance, of whom 43.3% (n¼ 203) of this group gave a reason,
including, most commonly, scheduling conflict (n¼ 77, 37.9%),
unanticipated medical complications (n¼ 57, 28.0%), and, least
commonly, dissatisfaction (n¼ 7, 3.4%).

Content analysis revealed that the program was highly accept-
able to participants, particularly the integration of movement,
relaxation, group conversation, and meaningful quotes. TBI survi-
vors frequently mentioned the perceived safety of the program
environment, including the welcoming, non-judgement tone of
the teachers, and the exclusivity of the program to only people
from the TBI community, which was perceived to foster a depth
of social connection. As one participant shared, “it was great to
get out of the house and be in a ‘safe’ environment where I
didn’t have to explain my little TBI quirkiness.” They also shared a
range of accommodations that enabled them to practice safely
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and without exacerbating symptoms, including certain modifica-
tions (e.g., keeping head above heart to avoid forward folds, mini-
mizing movement of the head, such as when moving from cat
pose to cow pose), use of props (e.g., chairs to avoid transitions
from standing to floor, blankets under the head in supine posi-
tions, such as bridge pose, to reduce pressure or pain, blocks to
facilitate transitioning from all fours to standing, and the wall to
support balance poses like tree), the slow, step-by-step, and
repeated instruction, use of landmarks instead of ‘left’ and ‘right’
(e.g., “leg closest to the windows”), and the gradual build up to
more challenging poses. For some people, LoveYourBrain Yoga
was the first non-medical activity they had participated in since
their TBI occurred, which generated an immense sense of accom-
plishment and normalization.

While some participants had no suggested improvements to
the program, of those who did, a majority recommended either
increasing the program to 8 weeks, extending the class duration
to allow more time for group discussion, or improving environ-
mental factors, such as regulating the temperature, minimizing
noise, keeping the light low (or encouraging people to bring ear-
plugs or wear sunglasses). A few participants with more recent
injuries shared that, even with the modifications, some of the
poses caused dizziness, nausea, discomfort, and/or cognitive
fatigue, and suggested shorter classes with more breaks, minimiz-
ing pressure on the forehead or back of the head by using blan-
kets, or incorporating more restorative poses. In contrast, a small
group of participants suggested a more challenging class that
incorporated more physically rigorous and diverse sequences.
Occasionally, participants expressed frustration with people whose
behavior was distracting (e.g., speaking out during meditation) or
intrusive (e.g., talking too much during the group discussion at
the expense of others). As one caregiver explained, “It’s a very
emotionally charged group and I often felt bad for those trying to
share and someone at a different phase in their journey would
intervene in a way that may have felt abrupt.”

Effectiveness

A total of 857 people, including 152 caregivers and 705 people
with TBI, submitted both eligibility and feedback forms with non-
missing outcome data from the first time they had participated in
LoveYourBrain Yoga.

Caregivers

The 152 caregivers were predominantly female (84.9%, n¼ 129)
and on average were 49 (SD 13.1) years old. Content analysis
found that caregivers most commonly perceived improvements in
their ability to relax, in their sleep quality, and in their physical
strength from participating in LoveYourBrain Yoga. Some care-
givers also reported enhanced self-care from making time for
themselves during the yoga practice. One caregiver explained, “I
came out feeling so cared-for and grounded, and eager to do
more activities that cultivated my bodily awareness”. Some care-
givers, notably more men than women, reported increased com-
passion for people with TBI, which they described as a greater
understanding of the challenges faced from living with a TBI.
Finally, LoveYourBrain Yoga sometimes served as a unique bond-
ing experience for caregivers and TBI survivors in spousal relation-
ships, with one caregiver describing that it was the one activity
they could do together that was not related to “business,” such
as medical appointments or therapy.

Some caregivers reported observing improvements in function-
ing in the person with TBI for whom they cared, such as stress
reduction, decreased anxiety, better sleep, and greater confidence
when speaking with others. However, two caregivers mentioned
that the person with TBI whom they accompanied to the program
had negative experiences during the yoga classes, but did not
elaborate. There were also reports that caregivers noticed TBI sur-
vivors using tools learned in the program in daily life, such as tak-
ing deep breaths to calm down and/or regulate intense emotions.

People with TBI

The 705 participants with TBI (see Table 1) were on average
43 years of age (SD 12.8) and had experienced their injury on
average 4.8 (SD 7.7) years previously. The demographic and injury
characteristics of these participants were comparable to non-res-
ponders (i.e., those who did not submit a feedback form and/or
had missing outcome data). Most people (n¼ 618) reported a var-
iety of symptoms, including post-concussion syndrome (n¼ 438,
62.1%), photophobia (n¼ 434, 61.6%), seizures (n¼ 38, 5.4%), par-
alysis (n¼ 14, 2.0%), PTSD (n¼ 229, 32.4%), and hemiparesis
(n¼ 107, 15.2%). A minority (n¼ 87, 12.3%) reported none of the
above symptoms.

Univariate analyses found that the 705 participants with TBI
experienced significant improvements in their scores on the
QOLIBRI-OS (M¼ 44.9 (SD¼ 17.6) to M¼ 54.6 (SD¼ 17.6),
p< 0.0000), Resilience (M¼ 45.1 (SD¼ 2.8) to M¼ 46.4 (SD¼ 2.8),
p¼ 0.0004), Cognition (M¼ 34.4 (SD¼ 1.9) to M¼ 35.9 (SD¼ 1.8),
p< 0.0000), and Positive Affect and Well-being measures
(M¼ 48.8 (SD¼ 2.0) to M¼ 50.3 (SD¼ 2.0), p< 0.0000) from base-
line to post-intervention. No significant improvements were found
in Emotional and Behavioral Dysregulation over time (M¼ 52.5
(SD¼ 2.5) to M¼ 52.5 (SD¼ 2.5), p¼ 0.9997). After controlling for

Table 1. Demographic characteristics and injury history for
people with TBI in the analyses of effectiveness (n¼ 705).

Characteristic Freq. (%)

Age
15–34 213 (30.3)
35–54 326 (46.3)
55–70 165 (23.4)
Missing 1

Sex
Male 173 (24.6)
Female 530 (75.4)
Missing 2

Severity
Mild 326 (46.3)
Moderate 181 (25.7)
Severe 197 (28.0)
Missing 1

Duration of loss of consciousness
None 295 (42.2)
Less than 30min 166 (23.8)
30min–1 day 37 (5.3)
More than 1 day 117 (16.7)
Not sure 84 (12.0)
Missing 6

Etiology of TBI
Assault 29 (4.3)
Fall 127 (18.6)
Motor vehicle accidence 245 (35.9)
Sports-related 101 (14.8)
Struck by or against 104 (15.2)
Work-related 31 (4.5)
Other 46 (6.7)
Missing 22

Years singe injury (mean SD) 4.8 (7.7)
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age, injury severity, gender, years since injury, and number of
classes taken, people who participated in LoveYourBrain Yoga
continued to demonstrate significant improvements in their
scores on the QOLIBRI-OS, Resilience, Positive Affect and Well-
being, and Cognition measures (see Table 2).

For the QOLIBRI-OS, there was a significant interaction
between people 55 and 70 years of age and time (B: �6.79 95%
CI: �11.76, �1.8, p¼ 0.007), suggesting that the positive impact
of LoveYourBrain Yoga on quality of life may be less for older
people as compared to younger people. For Positive Affect and
Well-being, there was a significant interaction between gender
and time (B: 0.82 95% CI: 0.01, 1.62, p¼ 0. 0.047), suggesting that
the impact of LoveYourBrain Yoga on positive affect may be
slightly more for women as compared to men. No significant
interactions were found between time and covariates for
Resilience or Cognition.

Similarly to the quantitative analysis, content analysis found
that people with TBI perceived improvements in their quality of
life, positive affect, resilience, and cognition. For example, partici-
pants commonly reported developing a more positive, joyful,
grateful, and hopeful mindset and feeling greater self-worth, con-
fidence, agency, and self-acceptance. As one participant shared,

It’s been integral to my healing and added so much value/perspective
to my life. Even if I never return to my former self, I still have so much
worth and value to offer to the world and I think this program helped
me to realize that.

The opportunity to connect with and learn from others
affected by TBI brought immense comfort to a majority of partici-
pants. People often reflected how valuable it was for them to nor-
malize their TBI experience, to feel no longer “alone”, and to gain
new perspective about the healing process. As one partici-
pant shared,

One of the things I learned during the series was to not think about
‘recovering’ (i.e., going back to who I was) but rather to focus on
rebuilding. Focusing my energy and thoughts on how I can put my life
back together in a way that’s even healthier and happier than before.
This changed my life.

Finally, some people with TBI reported cognitive improvements
in their memory, concentration, and self-awareness.

In addition, content analysis found that people with TBI often
perceived physical improvements, specifically in their balance,
strength, flexibility, mobility, pain management, overall energy,
and confidence in their physical abilities. One participant shared,
they experienced:

a general brain clarity along with a new capacity for physical activity.
Because of the LoveYourBrain program, I was able to overcome my
concerns and push myself physically. It’s been so lovely to be active
again and feel confident that I’m not hurting myself anymore.

For some, the pairing of greater physical confidence and self-
efficacy translated into greater motivation to participate in other
activities in the community, pursue work, and engage socially.
Lastly, improvements in symptoms, including auditory sensitivity,
sleep disturbances, headache, “brain fog”, dizziness, and chronic
pain were also reported.

In contrast to the quantitative findings, it was common for
people with TBI to report improvements in their emotional and
behavioral dysregulation. Specifically, people reported feeling bet-
ter able to regulate anxiety, anger, stress, and impulsivity. Some
of the components of the program, like mindfulness, breathing
exercises, self-compassion, and positive reframing, were also men-
tioned as helpful tools that people used when faced with chal-
lenging situations or overwhelming environments. As one
participant explained “the ability to sense when my body was get-
ting stressed allowed me to note the stress instead of just acting
on impulse”.

Discussion

LoveYourBrain Yoga was successfully delivered to 1563 people
with TBI and caregivers in 45 yoga studios across 18 states and
three Canadian provinces, and produced statistically significant
improvements in quality of life, resilience, positive affect, and cog-
nition among those living with TBI who participated in the

Table 2. Multivariate linear regression analyses of effectiveness of participating in LoveYourBrain Yoga on QOLIBRI-OS, resilience, positive affect and well-being,
and cognition.

Outcome
QOLIBRI-OS Resilience Positive affect and well-being Cognition

B 95% CI B 95% CI B 95% CI B 95% CI

Time
Baseline Ref Ref Ref Ref
Post-intervention 9.70��� 8.51, 10.90 1.30�� 0.60, 2.06 1.49��� 1.14, 1.84 1.48��� 0.78, 2.18

Age
15–34 Ref Ref Ref Ref
35–54 �4.79��� �7.43, �2.15 �0.81 �1.67, 0.06 �0.75 �1.67, 0.18 �1.38��� �2.21, �0.56
55–70 �0.56 �3.78, 2.66 0.17�� �0.89, 1.22 �0.42 �1.55, 0.70 �0.55 �1.55, 0.45

Sex
Female Ref Ref Ref Ref
Male �0.95 �3.69, 1.80 0.04 �0.86, 0.93 0.02 �0.94, 0.98 �0.43 �0.94, 0.98

Severity
Mild Ref Ref Ref Ref
Moderate �2.16 �4.41, .097 �0.61 �1.52, 0.30 �0.60 �1.58, 0.37 �.86 �1.73, 0.01
Severe 4.91��� 2.75, 7.06 1.38�� 0.43, 2.34 1.35�� 0.33, 2.38 1.77��� 0.86, 2.68

Years since injury 0.08 �0.08, 0.24 0.08 .02, 0.13 �0.003 �0.06, 0.05
#Classes taken
1 Ref Ref Ref Ref
2 �1.77 �0.63 �2.82, 1.55 �0.85 �3.19, 1.49 �1.97 �4.05, 0.11
3 �1.80 �0.16 �2.22, 1.91 �0.64 �2.85, 1.57 �0.53 �2.50, 1.43
4 �3.18 0.08 �1.75, 1.90 �1.08 �3.04, 0.89 �0.78 �2.53, 0.96
5 �2.12 �0.57 �2.33, 1.18 �0.93 �2.80, 0.95 �1.44 �3.11, 0.23
6 �3.05 �0.08 �1.81, 1.66 �0.62 �2.48, 1.24 �2.26 �3.91, �0.60

p Values �0.05; ��<0.01; ���<0.001.
Note. Numbers differed across analyses due to missing data. Sample sizes ranged from 696 to 705.
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program. These findings have several implications. First, improve-
ments in clinical outcomes suggest that LoveYourBrain Yoga may
be an effective mode of, or adjunct to, community-based rehabili-
tation for TBI. For instance, enhancing resilience among people
with TBI is associated with increased motivation and capacity to
manage symptoms and to improved functional outcomes [61–63].
Employment status, social engagement, and overall wellbeing
have also been associated with some of the psychosocial and
cognitive improvements reported by participants in this study,
including optimism [64], memory [65], attention [66], and self-
awareness [67]. Notably, these diverse improvements were not
moderated by TBI severity or years since injury, which supports
the generalizability of the results and accessibility of the program.
However, efforts to further adapt LoveYourBrain Yoga for older
people and men, who benefited less from LoveYourBrain Yoga,
may be important given that these groups are particularly suscep-
tible to TBI [68]. Further research should investigate whether
women, who traditionally predominate the yoga industry [69],
may have different perceptions of yoga’s benefits [70] and symp-
tom experience [71] than the men who participate in
LoveYourBrain Yoga, and whether the increased likelihood of pre-
existing comorbidities (e.g., less joint range of motion, frailty,
poorer balance) among older adults [72] may make a mat-based
yoga practice (as taught most commonly in the LoveYourBrain
Yoga program) less appealing. If so, yoga teachers could offer
exclusively chair yoga for older adults and more explicitly engage
men in setting goals for how they want to benefit from the pro-
gram [73]. Because the diverse benefits of LoveYourBrain Yoga
occurred following a format of six, weekly, 1.5 h classes, in con-
trast to other more intensive yoga interventions (e.g., 8, biweekly,
1 h classes [34,36]; 36, weekly, 30min [37]), additional research on
the comparative effectiveness of this intervention is warranted.

Our findings also suggest the LoveYourBrain Yoga may
enhance adjustment to life with TBI for both caregivers and those
living with the injury, which has implications on improving quality
of life [15]. For example, people with TBI commonly reported that
they developed a more compassionate, patient, and accepting
perspective about themselves and their abilities, which previous
research has found to be crucial to coping with the injury [74,75].
While we did not find significant changes in Emotional and
Behavioral Dysregulation scale scores, content analysis revealed
many participants perceived increased self-awareness and use of
breathing exercises enabled them to better manage anger, anx-
iety, stress, and impulsivity in daily life, which is consistent previ-
ous yoga research [36,44,76]. Other group-based interventions
with psychoeducation and skills building components for people
with TBI that have found significant improvements in emotional
and behavioral regulation have been longer in duration (e.g., 24
sessions [77], 8 sessions [78]) suggesting that future research
should consider expanding the duration of LoveYourBrain Yoga
beyond six sessions. However, the discrepancy between our quan-
titative and qualitative results could also be explained by our use
of a brief 8-item scale, which may not have had sufficient sensitiv-
ity to capture meaningful differences in the wide variety of emo-
tional and behavioral problems that can manifest post-injury (e.g.,
internalizing emotional problems such as depression or anxiety as
well as externalizing problems such as aggression) [79], as com-
pared to more comprehensive measures (e.g., 36-item Difficulties
in Emotion Regulation Scale [80]) that have shown significant
changes in this outcome in other TBI-specific yoga and mindful-
ness research [36,76]. Our study also found that caregivers
observed changes in the ability of the person with TBI to self-
regulate, which is important given that behavioral and emotional

changes of the patient are strong predictors of subjective care-
giver burden [81]. Caregivers also reported personal physical and
psychosocial benefits from participating in LoveYourBrain Yoga,
whereas other interventions designed to support or involve care-
givers have produced mixed results [82]. The psychosocial health
of the caregiver has a reciprocal relationship with the individual
who is under their care [83], thus caregivers’ perceived gains in
relaxation, sleep quality, social engagement, and relationship con-
nection may have far reaching impacts on family functioning [41].
These qualitative findings point to the importance of using care-
giver-specific outcomes of quality of life [50] as a topic of future
research to more reliability investigate the effectiveness of
LoveYourBrain Yoga for this group.

High attendance and satisfaction ratings suggest
LoveYourBrain Yoga is acceptable and feasible to implement on a
large scale in diverse locations, which has implications on the
delivery of community-based rehabilitation services more broadly.
In particular, participants reported that the program’s lack of cost,
weekly routine, acceptance of and adaptability to individual
needs, and combination of structured movement, relaxation, and
peer support from people with shared experiences of TBI and/or
caregiving facilitated successful social participation and motivated
them to engage in other community activities. These findings
align with other research that has called for rehabilitation efforts
to focus on enabling people with TBI to engage in activities that
promote social participation, which, in turn, can improve their
ability to reintegrate into their community and their quality of life
[84,85]. While group rehabilitation is typically highly acceptable to
people with TBI [86] and may confer benefits over individualized
therapy (e.g., normalization, reduced isolation, enhanced aware-
ness of impairments [87–89]), group rehabilitation interventions
are rarely designed for people with TBI and caregivers together
and often target singular outcomes (e.g., resilience [90], coping
skills [91], communication [92], reduced caregiver burden [93])
instead of being holistic. This is a problem because the biopsy-
chosocial model—the leading model in rehabilitation care—
endorses providing physical, psychological, social, emotional, and
motivational components as best practice for advancing func-
tional independence [94]. Research has also found that rehabilita-
tion services delivered to individuals with TBI and their caregivers
within their local environment maximizes community reintegra-
tion [84,95,96] and may even mitigate post-acute cognitive
decline [97,98]. To address the few reported cases of negative
experiences, yoga teachers may benefit from additional training
on modifications used in other TBI group yoga/mindfulness inter-
ventions to manage behavioral challenges (e.g., ignoring/re-orient-
ing [38]), to accommodate vestibular symptoms (e.g., providing
more seated/chair options for postures [38]), and to address mem-
ory deficits (e.g., visual aids, recommending out-of-session prac-
tice, simplifying language [99]). Taken together, our results
suggest that LoveYourBrain Yoga has potential to help address
the dearth of community-based services that address multiple
complications of TBI [25,26] and caregiver distress [82].

There are several limitations of this study. First, the pre-post,
single-arm design is subject to confounding, therefore we recom-
mend future studies utilize more robust study designs, such as a
randomized controlled trial, to more reliability assess the extent
to which outcome changes can be attributed to the intervention
[100]. Second, the convenience sample comprised people who
chose to sign up for LoveYourBrain Yoga on their own volition,
therefore the results may be generalizable to only people who
are motivated to participate in holistic health programing. Third,
despite receiving three reminder emails, the cohort of participants
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who did not respond to the feedback form may have introduced
non-response bias. However, the injury and demographic charac-
teristics of the non-responders were comparable to study partici-
pants, suggesting that non-response bias may not have been a
concern. Fourth, due to the retrospective study design, we were
not able to include caregiver-specific outcomes of quality of life
[50], well-established measures of community reintegration [101]
and TBI symptoms (i.e., post-concussion syndrome [102], PTSD) or
a follow-up assessment to examine maintenance of improvement
for people with TBI. Therefore, additional research is needed to
investigate the longer term effectiveness of LoveYourBrain Yoga,
including for caregivers, and the prevalence and association of
symptoms with participants’ experience [71] using validated
measures. Finally, because the data was collected outside of a
research setting, we were unable to ascertain if a caregiver helped
people with TBI respond to the survey, which may have biased
their answers. These limitations, however, are balanced by several
strengths. First, our study included a large sample size and diverse
levels of TBI severity, which enhances the generalizability of our
findings and addresses concerns about external validity in previ-
ous yoga research for this population [36]. It was also conducted
in a ‘real world’ setting, therefore maximizing the ecological valid-
ity of the results and avoiding volunteer bias intrinsic to random-
ized controlled trials [103]. Second, although the adaptable and
individualized nature of yoga itself makes it problematic to adapt
into a scientific setting [104], several strategies (i.e., audio
recorded classes, periodic oversight through ‘mentorship calls’)
were employed to promote delivery of the intervention as
intended. Notably, the manualized format for LoveYourBrain Yoga
is an effective strategy for ensuring fidelity [105] and for facilitat-
ing knowledge translation in health services [106]. Third, the con-
current triangulation mixed methods design allowed us combine
quantitative and qualitative data to produce more comprehensive
results, as well as to triangulate data from caregivers and people
with TBI to help address potential recall bias from memory defi-
cits. Finally, while the data was collected outside of a research set-
ting, the monitoring and evaluation system for the LoveYourBrain
Yoga program was established by a doctoral-level staff member
with content expertise in health services research and survey
research methods.

Conclusions

LoveYourBrain Yoga, a 6-week, community-based yoga with psy-
choeducation program for people with TBI and caregivers, is feas-
ible and acceptable when implemented on a large scale in
diverse locations. The significant improvements in quality of life,
resilience, positive affect, and cognition among people with TBI
suggest that it may be an effective mode of, or adjunct to, com-
munity-based rehabilitation. By facilitating greater compassion,
self-awareness, community connection, and skills in regulating
emotions, LoveYourBrain Yoga also appears to enhance coping
skills, which has implications on improving quality of life for both
TBI survivors and caregivers. Further investigation of
LoveYourBrain Yoga in comparative effectiveness research
is suggested.

Acknowledgements

We are grateful to study participants and to the yoga studios and
yoga teachers who delivered LoveYourBrain Yoga in their
communities.

Disclosure statement

All authors have reviewed the ICMJE uniform disclosure form and
declare: KZD is employed by the LoveYourBrain Foundation, a
nonprofit, for whom she led the design of the curriculum for the
LoveYourBrain Yoga program. KZD is married to the Executive
Director of the LoveYourBrain Foundation. PJB, MB, KB, AS, and
RP have no relationships or activities that could appear to have
influenced the submitted work. The authors alone are responsible
for the content and writing of the paper.

Authors’ contributions

KZD is the guarantor. KZD led the conception and design of the
study, data analysis and interpretation, and drafted the manu-
script. PJB, AS, and MB contributed to data analysis and interpret-
ation and provided revisions on the draft manuscript. KB and RP
contributed to the implementation of the study intervention, data
collection systems, and provided revisions on the draft of the
manuscript. All authors approved the final manuscript.

Funding

The preparation of this manuscript research was supported by
funding from a T32 NIH grant [# T32 MH073553] and received no
other funding from the public, commercial or not-for-
profit sectors.

ORCID

Kyla Z. Donnelly http://orcid.org/0000-0002-2527-808X
Amanda R. St. Ivany http://orcid.org/0000-0001-5306-5308

References

[1] Scholten AC, Haagsma JA, Andriessen TM, et al. Health-
related quality of life after mild, moderate and severe
traumatic brain injury: patterns and predictors of subopti-
mal functioning during the first year after injury. Injury.
2015;46(4):616–624.

[2] Taylor CA, Bell JM, Breiding MJ, et al. Traumatic brain
injury–related emergency department visits, hospitaliza-
tions, and deaths — United States, 2007 and 2013.
MMWR Surveill Summ. 2017;66(9):1–16.

[3] Simeonsson RJ. ICF-CY: a universal tool for documentation
of disability. J Policy Pract Intellect Disabil. 2009;6(2):
70–72.

[4] Arciniegas DB, Held K, Wagner P. Cognitive impairment
following traumatic brain injury. Curr Treat Options
Neurol. 2002;4(1):43–57.

[5] Basford JR, Chou LS, Kaufman KR, et al. An assessment of
gait and balance deficits after traumatic brain injury. Arch
Phys Med Rehabil. 2003;84(3):343–349.

[6] Marshall S, Teasell R, Bayona N, et al. Motor impairment
rehabilitation post acquired brain injury. Brain Inj. 2007;
21(2):133–160.

[7] Peters DM, Jain S, Liuzzo DM, et al. Individuals with
chronic traumatic brain injury improve walking speed and
mobility with intensive mobility training. Arch Phys Med
Rehabil. 2014;95(8):1454–1460.

[8] Sander AM, Clark A, Pappadis MR. What is community
integration anyway?: defining meaning following

RETROSPECTIVE STUDY ON LOVEYOURBRAIN YOGA FOR TBI 9



traumatic brain injury. J Head Trauma Rehabil. 2010;25(2):
121–127.

[9] McLean AM, Jarus T, Hubley AM, et al. Associations
between social participation and subjective quality of life
for adults with moderate to severe traumatic brain injury.
Disabil Rehabil. 2014;36(17):1409–1418.

[10] Wise EK, Mathews-Dalton C, Dikmen S, et al. Impact of
traumatic brain injury on participation in leisure activities.
Arch Phys Med Rehabil. 2010;91(9):1357–1362.

[11] Donovan NJ, Heaton SC, Kimberg CI, et al.
Conceptualizing functional cognition in traumatic brain
injury rehabilitation. Brain Inj. 2011;25(4):348–364.

[12] Shames J, Treger I, Ring H, et al. Return to work following
traumatic brain injury: trends and challenges. Disabil
Rehabil. 2007;29(17):1387–1395.

[13] Johnston MV, Miklos CS. Activity-related quality of life in
rehabilitation and traumatic brain injury. Arch Phys Med
Rehabil. 2002;83(2):S26–S38.

[14] Berger E, Leven F, Pirente N, et al. Quality of Life after
traumatic brain injury: a systematic review of the litera-
ture. Restor Neurol Neurosci. 1999;14(2/3):93.

[15] Sasse N, Gibbons H, Wilson L, et al. Coping strategies in
individuals after traumatic brain injury: associations with
health-related quality of life. Disabil Rehabil. 2014;36(25):
2152–2160.

[16] Hoofien D, Gilboa A, Vakil E, et al. Traumatic brain injury
(TBI) 10?20 years later: a comprehensive outcome study
of psychiatric symptomatology, cognitive abilities and
psychosocial functioning. Brain Inj. 2001;15(3):189–209.

[17] McCulloch K, Joya A, Donnelly E, et al. Outcome measures
for persons with moderate to severe traumatic brain
injury: recommendations from the American Physical
Therapy Association Academy of Neurologic Physical
Therapy TBI EDGE Task Force. J Neurol Phys Ther. 2016;
40(4):269–280.

[18] Hsieh MY, Ponsford J, Wong D, et al. A cognitive behav-
iour therapy (CBT) programme for anxiety following mod-
erate-severe traumatic brain injury (TBI): two case studies.
Brain Inj. 2012;26(2):126–138.

[19] Cicerone KD, Dahlberg C, Kalmar K, et al. Evidence-based
cognitive rehabilitation: recommendations for clinical
practice. Arch Phys Med Rehabil. 2000;81(12):1596–1615.

[20] Bayley MT, Tate R, Douglas JM, et al. INCOG guidelines for
cognitive rehabilitation following traumatic brain injury:
methods and overview. J Head Trauma Rehabil. 2014;
29(4):290–306.

[21] Cicerone KD, Langenbahn DM, Braden C, et al. Evidence-
based cognitive rehabilitation: updated review of the lit-
erature from 2003 through 2008. Arch Phys Med Rehabil.
2011;92(4):519–530.

[22] Murphy MP, Carmine H. Long-term health implications
of individuals with TBI: a rehabilitation perspective.
NeuroRehabilitation. 2012;31(1):85–94.

[23] Centers for Disease Control and Prevention. Report to
congress on traumatic brain injury in the United States:
epidemiology and rehabilitation. Atlanta (GA): National
Center for Injury Prevention and Control; Division of
Unintentional Injury Prevention; 2015.

[24] Cott CA. Client-centred rehabilitation: client perspectives.
Disabil Rehabil. 2004;26(24):1411–1422.

[25] Abrahamson V, Jensen J, Springett K, et al. Experiences of
patients with traumatic brain injury and their carers dur-
ing transition from in-patient rehabilitation to the

community: a qualitative study. Disabil Rehabil. 2017;
39(17):1683–1694.

[26] Rotondi AJ, Sinkule J, Balzer K, et al. A qualitative needs
assessment of persons who have experienced traumatic
brain injury and their primary family caregivers. J Head
Trauma Rehabil. 2007;22(1):14–25.

[27] Heinemann AW, Sokol K, Garvin L, et al. Measuring unmet
needs and services among persons with traumatic brain
injury. Arch Phys Med Rehabil. 2002;83(8):1052–1059.

[28] Blake H. Caregiver stress in traumatic brain injury. Int J
Ther Rehabil. 2008;15(6):263–271.

[29] Patel NK, Akkihebbalu S, Espinoza SE, et al. Perceptions of
a community-based yoga intervention for older adults.
Act Adaptat Aging. 2011;35(2):151–163.

[30] Skoro-Kondza L, Tai SS, Gadelrab R, et al. Community
based yoga classes for type 2 diabetes: an exploratory
randomised controlled trial. BMC Health Serv Res. 2009;
9(1):33.

[31] Gimbel MA. Yoga, meditation, and imagery: clinical appli-
cations. Nurse Pract Forum. 1998;9(4):243–255.

[32] Dahl CJ, Lutz A, Davidson RJ. Reconstructing and decon-
structing the self: cognitive mechanisms in meditation
practice. Trends Cogn Sci. 2015;19(9):515–523.

[33] Levack WM, Kayes NM, Fadyl JK. Experience of recovery
and outcome following traumatic brain injury: a metasyn-
thesis of qualitative research. Disabil Rehabil. 2010;32(12):
986–999.

[34] Donnelly KZ, Linnea K, Grant DA, et al. The feasibility and
impact of a yoga pilot programme on the quality-of-life
of adults with acquired brain injury. Brain Inj. 2017;31(2):
208–214.

[35] Schmid AA, Miller KK, Van Puymbroeck M, et al. Feasibility
and results of a case study of yoga to improve physical
functioning in people with chronic traumatic brain injury.
Disabil Rehabil. 2016;38(9):914–920.

[36] Laura AGOTR, Marieke VPCTRS, Kristine KMPT, et al. Yoga
after traumatic brain injury: changes in emotional regula-
tion and health-related quality of life in a case-study. Int J
Complement Alt Med. 2017;8(1):00247.

[37] Silverthorne C, Khalsa SB, Gueth R, et al. Respiratory, phys-
ical, and psychological benefits of breath-focused yoga
for adults with severe traumatic brain injury (TBI): a brief
pilot study report. Int J Yoga Therap. 2012;(22):47–51.

[38] Combs MA, Critchfield EA, Soble JR. Relax while you
rehabilitate: a pilot study integrating a novel, yoga-based
mindfulness group intervention into a residential military
brain injury rehabilitation program. Rehabil Psychol. 2018;
63(2):182–193.

[39] Martin AC, Keats MR. The impact of yoga on quality of life
and psychological distress in caregivers for patients with
cancer. Oncol Nurs Forum. 2014;41(3):257–264.

[40] Toseland RW, Rossiter CM, Peak T, et al. Comparative
effectiveness of individual and group interventions to
support family caregivers. Soc Work. 1990;35(3):209–217.

[41] Ergh TC, Rapport LJ, Coleman RD, et al. Predictors of care-
giver and family functioning following traumatic brain
injury: social support moderates caregiver distress. J Head
Trauma Rehabil. 2002;17(2):155–174.

[42] Lukow HR, 2nd, Godwin EE, Marwitz JH, et al. Relationship
between resilience, adjustment, and psychological func-
tioning after traumatic brain injury: a preliminary report.
J Head Trauma Rehabil. 2015;30(4):241–248.

10 K. Z. DONNELLY ET AL.



[43] Neils-Strunjas J, Paul D, Clark AN, et al. Role of resilience
in the rehabilitation of adults with acquired brain injury.
Brain Inj. 2017;31(2):131–139.

[44] Donnelly KZ, Goldberg S, Fournier D. A qualitative study
of LoveYourBrain Yoga: a group-based yoga with psycho-
education intervention to facilitate community integration
for people with traumatic brain injury and their caregivers.
Disabil Rehabil. 2019. DOI:10.1080/09638288.2018.1563638

[45] Cuschieri S. The STROBE guidelines. Saudi J Anaesth.
2019;13(Suppl 1):S31–S34.

[46] Creswell JW. Research design: qualitative, quantitative,
and mixed methods approaches. London (UK): Sage
Publications, Inc; 2013.

[47] Ekhtiari H, Rezapour T, Aupperle RL, et al. Neuroscience-
informed psychoeducation for addiction medicine: a neu-
rocognitive perspective. Prog Brain Res. 2017;235:239–264.

[48] Southwick SM, Charney D. Resilience: the science of
mastering life’s greatest challenges. Cambridge (MA):
Cambridge University Press; 2012.

[49] Proctor E, Silmere H, Raghavan R, et al. Outcomes for
implementation research: conceptual distinctions, meas-
urement challenges, and research agenda. Adm Policy
Ment Health. 2011;38(2):65–76.

[50] Carlozzi NE, Kallen MA, Hanks R, et al. The TBI-CareQOL
measurement system: development and preliminary valid-
ation of health-related quality of life measures for care-
givers of civilians and service members/veterans with
traumatic brain injury. Arch Phys Med Rehabil. 2019;
100(4):S1–S12.

[51] von Steinbuechel N, Wilson L, Gibbons H, et al. QOLIBRI
overall scale: a brief index of health-related quality of life
after traumatic brain injury. J Neurol Neurosurg
Psychiatry. 2012;83(11):1041–1047.

[52] Cella D, Lai JS, Nowinski CJ, et al. Neuro-QOL: brief meas-
ures of health-related quality of life for clinical research in
neurology. Neurology. 2012;78(23):1860–1867.

[53] Tulsky DS, Kisala PA, Victorson D, et al. TBI-QOL: develop-
ment and calibration of item banks to measure patient
reported outcomes following traumatic brain injury. J
Head Trauma Rehabil. 2016;31(1):40–51.

[54] Carlozzi NE, Tulsky DS, Kisala PA. Traumatic brain injury
patient-reported outcome measure: identification of
health-related quality-of-life issues relevant to individuals
with traumatic brain injury. Arch Phys Med Rehabil. 2011;
92(10):S52–S60.

[55] Poritz JMP, Sherer M, Kisala PA, et al. Responsiveness of
the Traumatic Brain Injury-Quality of Life (TBI-QOL) meas-
urement system. Arch Phys Med Rehabil. 2018. DOI:10.
1016/j.apmr.2017.11.018

[56] Chen SY, Feng Z, Yi X. A general introduction to adjust-
ment for multiple comparisons. J Thorac Dis. 2017;9(6):
1725–1729.

[57] Hsieh HF, Shannon SE. Three approaches to qualitative
content analysis. Qual Health Res. 2005;15(9):1277–1288.

[58] Nowell LS, Norris JM, White DE, et al. Thematic analysis:
striving to meet the trustworthiness criteria. Int J Qual
Methods. 2017;16(1):1–13.

[59] Schoonenboom J, Johnson RB. How to construct a mixed
methods research design. Kolner Z Soz Sozpsychol. 2017;
69(S2):107–131.

[60] Lincoln Y, Guba EG. Naturalistic inquiry. Newbury Park
(CA): Sage; 1985.

[61] Robinson-Smith G, Johnston MV, Allen J. Self-care self-
efficacy, quality of life, and depression after stroke. Arch
Phys Med Rehabil. 2000;81(4):460–464.

[62] Cicerone KD, Mott T, Azulay J, et al. Community integra-
tion and satisfaction with functioning after intensive cog-
nitive rehabilitation for traumatic brain injury. Arch Phys
Med Rehabil. 2004;85(6):943–950.

[63] Kinsella E, Grace J, Muldoon O, et al. Post-traumatic
growth following acquired brain injury: a systematic
review and meta-analysis. Front Psychol. 2015;6:1162.

[64] Maoz S, Harif I, Magen H. Relationship between positive
personality traits and rehabilitation outcomes following
acquired brain injury several years post-injury. Arch Phys
Med Rehabil. 2016;97(10):e26.

[65] Drake AI, Gray N, Yoder S, et al. Factors predicting return
to work following mild traumatic brain injury: a discrimin-
ant analysis. J Head Trauma Rehabil. 2000;15(5):
1103–1112.

[66] Mateer CA, Sira CS. Cognitive and emotional consequen-
ces of TBI: intervention strategies for vocational rehabilita-
tion. NeuroRehabilitation. 2006;21(4):315–326.

[67] Ownsworth T, Desbois J, Grant E, et al. The associations
among self-awareness, emotional well-being, and employ-
ment outcome following acquired brain injury: a
12-month longitudinal study. Rehabil Psychol. 2006;51(1):
50–59.

[68] Consensus conference. Rehabilitation of persons with
traumatic brain injury. NIH Consensus Development Panel
on Rehabilitation of Persons With Traumatic Brain Injury.
JAMA. 1999;282(10):974–983.

[69] Prasad K, Ziegenfuss JY, Cha SS, et al. Characteristics of
exclusive users of mind-body medicine vs. other alterna-
tive medicine approaches in the United States. Explore
(NY). 2013;9(4):219–225.

[70] Upchurch DM, Johnson PJ. Gender differences in preva-
lence, patterns, purposes, and perceived benefits of medi-
tation practices in the United States. J Womens Health.
2019;28(2):135–142.

[71] Fouladbakhsh JM, Stommel M. Gender, symptom experi-
ence, and use of complementary and alternative medicine
practices among cancer survivors in the U.S. cancer popu-
lation. Oncol Nurs Forum. 2010;37(1):E7–E15.

[72] Kumar RG, Juengst SB, Wang Z, et al. Epidemiology of
comorbid conditions among adults 50 years and older
with traumatic brain injury. J Head Trauma Rehabil. 2018;
33(1):15–24.

[73] Evans JJ. Goal setting during rehabilitation early and late
after acquired brain injury. Curr Opin Neurol. 2012;25(6):
651–655.

[74] Nochi M. Reconstructing self-narratives in coping with
traumatic brain injury. Soc Sci Med. 2000;51(12):
1795–1804.

[75] Adams D, Dahdah M. Coping and adaptive strategies of
traumatic brain injury survivors and primary caregivers.
NRE. 2016;39(2):223–237.

[76] Azulay J, Mott T. The Impact of the Mindfulness Attention
Meditation (MAP) with a mixed brain injury population to
improve emotional regulation enhance awareness. Phys
Med Rehabil Int. 2016;3(6):1101.

[77] Tsaousides T, Spielman L, Kajankova M, et al. Improving
emotion regulation following web-based group interven-
tion for individuals with traumatic brain injury. J Head
Trauma Rehabil. 2017;32(5):354–365.

RETROSPECTIVE STUDY ON LOVEYOURBRAIN YOGA FOR TBI 11

https://doi.org/10.1080/09638288.2018.1563638
https://doi.org/10.1016/j.apmr.2017.11.018
https://doi.org/10.1016/j.apmr.2017.11.018


[78] Neumann D, Malec JF, Hammond FM. Reductions in alexi-
thymia and emotion dysregulation after training emo-
tional self-awareness following traumatic brain injury: a
phase I trial. J Head Trauma Rehabil. 2017;32(5):286–295.

[79] Finnanger TG, Olsen A, Skandsen T, et al. Life after adoles-
cent and adult moderate and severe traumatic brain
injury: self-reported executive, emotional, and behavioural
function 2–5 years after injury. Behav Neurol. 2015;2015:
329241.

[80] Gratz KL, Roemer L. Multidimensional assessment of emo-
tion regulation and dysregulation: development, factor
structure, and initial validation of the difficulties in emo-
tion regulation scale. J Psychopathol Behav Assess. 2004;
26(1):41–54.

[81] Arnould A, Dromer E, Rochat L, et al. Neurobehavioral and
self-awareness changes after traumatic brain injury:
Towards new multidimensional approaches. Ann Phys
Rehabil Med. 2016;59(1):18–22.

[82] Shepherd-Banigan ME, Shapiro A, McDuffie JR, et al.
Interventions that support or involve caregivers or families
of patients with traumatic injury: a systematic review. J
Gen Intern Med. 2018;33(7):1177–1186.

[83] Vangel SJ, Jr., Rapport LJ, Hanks RA. Effects of family and
caregiver psychosocial functioning on outcomes in per-
sons with traumatic brain injury. J Head Trauma Rehabil.
2011;26(1):20–29.

[84] McCabe P, Lippert C, Weiser M, et al. Community reinte-
gration following acquired brain injury. Brain Inj. 2007;
21(2):231–257.

[85] McColl MA. Postacute programming for community inte-
gration: a scoping review. Brain Impairment. 2007;8(3):
238–250.

[86] Patterson F, Fleming J, Doig E. Patient perceptions of par-
ticipation in group-based rehabilitation in an inpatient
brain injury rehabilitation setting. Patient Educ Couns.
2019;102(1):148–154.

[87] Lexell EM, Alkhed AK, Olsson K. The group rehabilitation
helped me adjust to a new life: experiences shared by
persons with an acquired brain injury. Brain Inj. 2013;
27(5):529–537.

[88] Lundqvist A, Linnros H, Orlenius H, et al. Improved self-
awareness and coping strategies for patients with
acquired brain injury–a group therapy programme. Brain
Inj. 2010;24(6):823–832.

[89] Patterson F, Fleming J, Doig E. Group-based delivery of
interventions in traumatic brain injury rehabilitation: a
scoping review. Disabil Rehabil. 2016;38(20):1961–1986.

[90] Kreutzer JS, Marwitz JH, Sima AP, et al. Efficacy of the
resilience and adjustment intervention after traumatic
brain injury: a randomized controlled trial. Brain Inj. 2018;
32(8):963–971.

[91] Backhaus SL, Ibarra SL, Klyce D, et al. Brain injury coping
skills group: a preventative intervention for patients with

brain injury and their caregivers. Arch Phys Med Rehabil.
2010;91(6):840–848.

[92] Togher L, McDonald S, Tate R, et al. Training communica-
tion partners of people with severe traumatic brain injury
improves everyday conversations: a multicenter single
blind clinical trial. J Rehabil Med. 2013;45(7):637–645.

[93] Kreutzer JS, Marwitz JH, Sima AP, et al. Efficacy of the
brain injury family intervention: impact on family mem-
bers. J Head Trauma Rehabil. 2015;30(4):249–260.

[94] Wright CJ, Zeeman H, Biezaitis V. Holistic practice in trau-
matic brain injury rehabilitation: perspectives of health
practitioners. PLoS One. 2016;11(6):e0156826.

[95] Truelle J-L, Fayol P, Montreuil M, et al. Community inte-
gration after severe traumatic brain injury in adults. Curr
Opin Neurol. 2010;23(6):688–694.

[96] Foster AM, Armstrong J, Buckley A, et al. Encouraging
family engagement in the rehabilitation process: a
rehabilitation provider’s development of support strat-
egies for family members of people with traumatic brain
injury. Disabil Rehabil. 2012;34(22):1855–1862.

[97] Frasca D, Tomaszczyk J, McFadyen BJ, et al. Traumatic
brain injury and post-acute decline: what role does envir-
onmental enrichment play? A scoping review. Front Hum
Neurosci. 2013;7:31.

[98] Till C, Colella B, Verwegen J, et al. Postrecovery cognitive
decline in adults with traumatic brain injury. Arch Phys
Med Rehabil. 2008;89(12):S25–S34.

[99] Bedard M, Felteau M, Marshall S, et al. Mindfulness-based
cognitive therapy reduces symptoms of depression in
people with a traumatic brain injury: results from a
randomized controlled trial. J Head Trauma Rehabil. 2014;
29(4):E13–E22.

[100] Thiese MS. Observational and interventional study design
types; an overview. Biochem Med. 2014;24(2):199–210.

[101] Ritchie L, Wright-St Clair VA, Keogh J, et al. Community
integration after traumatic brain injury: a systematic
review of the clinical implications of measurement and
service provision for older adults. Arch Phys Med Rehabil.
2014;95(1):163–174.

[102] Polinder S, Cnossen MC, Real RGL, et al. A multidimen-
sional approach to post-concussion symptoms in mild
traumatic brain injury. Front Neurol. 2018;9:1113.

[103] Tucker JA, Roth DL. Extending the evidence hierarchy to
enhance evidence-based practice for substance use disor-
ders. Addiction. 2006;101(7):918–932.

[104] Sherman KJ. Guidelines for developing yoga interventions
for randomized trials. Evid Based Complement Alternat
Med. 2012;2012:143271.

[105] Breitenstein SM, Gross D, Garvey CA, et al.
Implementation fidelity in community-based interven-
tions. Res Nurs Health. 2010;33(2):164–173.

[106] Whyte J, Hart T. It’s more than a black box; it’s a Russian
doll: defining rehabilitation treatments. Am J Phys Med
Rehabil. 2003;82(8):639–652.

12 K. Z. DONNELLY ET AL.


	Abstract
	Introduction
	Materials and methods
	Design
	Participants
	Intervention
	Measures and data collection
	Sociodemographic characteristics and injury history
	Feasibility
	Acceptability
	Effectiveness
	Quality of life
	Emotional and behavioral dysregulation
	Cognition
	Positive affect and well-being
	Resilience
	Data analysis

	Quantitative analysis
	Content analysis

	Results
	Feasibility
	Acceptability
	Effectiveness
	Caregivers
	People with TBI

	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	Authors’ contributions
	References


