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ARTICLE INFO ABSTRACT

Keywords Objective: Fatigue is among the most common symptoms of the long-term effects of coronavirus (long COVID).
COVID-19 This study aims to compare the effectiveness of osteopathic manipulative treatment (OMT) combined with
SARS-CoV-2

physiotherapy treatment (PT) compared to PT alone on fatigue and functional limitations after two months post
randomization in adults with long COVID.

Methods: This is a study protocol for a two-arm, assessor-blinded, pragmatic randomized controlled superiority
trial. Seventy-six participants will be randomly allocated to OMT + PT or PT. The PT includes usual care in-
terventions including motor and respiratory exercises targeting cardiorespiratory and skeletal muscle functions.
The OMT entails direct and indirect musculoskeletal, viceral and cranial techniques. Patients will be evaluated
before and after a 2-month intervention program, and at 3-month follow-up session. Primary objectives comprise
fatigue and functional limitations at 2-month post randomization as assessed by the fatigue severity scale and the
Post-COVID Functional State scale. Secondary objectives comprise fatigue and functional limitations at 3 months,
and the perceived change post-treatment as assessed by the Perceived Change Scale (PCS-patient).
Registration: ~ This  protocol was registered (NCT05012826) and received ethical approval
(38342520.7.0000.5235). Participant recruitment began in August 2021 and is expected to conclude in July

Physical therapy modalities
Osteopathic manipulation
Rehabilitation

2023. Publication of the results is anticipated in 2023.

1. Background

The coronavirus disease caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)—COVID-19—is causing a sub-
stantial increase in hospitalizations leading to overloads in global health
systems [1,2]. Long-term effects of coronavirus—long COVID—com-
prise of the effects of COVID-19 that lasts for weeks or even months
beyond the acute infection. Long COVID includes a wide spectrum of
respiratory, neurologic, cardiovascular, gastrointestinal, and musculo-
skeletal symptoms, and an increased risk of death [1,3-5]. There are
more than 50 known possible sequelae in long COVID, such as chronic
fatigue, and the clinical manifestations may persist for weeks after the
acute infection [6], leading to a decrease in quality of life [7]. This

condition reinforces the demand for healthcare and the need for a
comprehensive approach for patients with long COVID.

Physiotherapy interventions may be required for patients with long
COVID aiming to manage symptoms, prevent and restore the patients’
functional status and enabling them to perform activities of daily living
[3]. The physiotherapy approach for patients with long COVID includes
motor and respiratory rehabilitation aiming at maintaining and/or
improving joint mobility, muscle strength, and functional capacity [8].
A systematic review highlighted that to improve the rehabilitation in
patients, especially in older adults with a severe respiratory illness on
admission and after post ICU, some exercise regimens and habits can
bring hope, confidence, and functional independence. The authors
suggest this may be generalized to those treated for COVID-19, but
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maybe with personalized care. However, there is a lack of consensus on
outcomes measures [9].

Osteopathy is a healthcare system that aims to promote the balance
of physiological function, support homeostasis and encourage wellbeing
[10-15]. In 1918, during the Spanish flu in the United States, osteopathy
presented itself as one of the health resources made available to help
fight the epidemic. In 2007, OMT once again presented itself as a pos-
sibility to help restore health to individuals affected by the H5N1 avian
flu [16,17]. It is worth noticing though these studies are of the lowest
evidence, often collections of research that is not directly relevant to the
condition and with no indication of clinical relevance; also, most of them
comprise hypothetical opinions on this matter. Studies on the OMT
combined with standard medical care show that OMT can collaborate in
the recovery of health in various clinical conditions [18-22], including
shortening the length of stay and in-hospital mortality rates in the
elderly with more severe pneumonia [23]. Altogether, the interest in the
field but absence of reliable data justified an effort to assess the effects of
OMT on fatigue in people with long COVID [16,24]. If found effective,
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OMT may be recommended as an adjunct to other interventions for this
population.

Fatigue is one of the most common and persistent sequelae in long
COVID [6]. Fatigue is often a disabling symptom related to several
clinical conditions related to systemic inflammatory processes. Pain and
fatigue, for example, may overlap, suggesting that biological mecha-
nisms, which include peripheral and central components, and identifi-
able neuronal networks, are present in both conditions [25]. In a
systematic review of the effects of OMT on chronic inflammatory dis-
eases, the data proved inconsistent but safe, suggesting more robust
trials are warranted [26]. Hence, the primary aim of this trial is to test
whether OMT combined with PT (OMT + PT) is superior to PT alone on
fatigue and functional limitations two months post randomization in
adults with long COVID. Secondarily, this trial will investigate the
effectiveness of OMT + PT and PT alone on fatigue, functional status,
and perceived change post-treatment 3 months post-randomization in
this population.

[ Enrollment ]

Assessed for eligibility (n= 76)

Excluded (n= XX)

+ Not meeting inclusion criteria (n= XX)
+ Declined to participate (n= XX)

+ Chronic and/or neurological diseases

A 4

(n=XX)
+ Chronic musculoskeletal system
diseases (n= XX)

Randomized (n= XX)

|

A 4

Allocation J

A4

Allocated to intervention PT (n= XX)

+ Received allocated intervention (n= XX)

«+ Did not receive allocated intervention (give
reasons) (n= XX)

Allocated to intervention OMT+PT (n= XX)

+ Received allocated intervention (n= XX)

+ Did not receive allocated intervention (give
reasons) (n= XX)

A 4

[ Follow-Up (2 months) ]

A

Lost to follow-up (give reasons) (n= XX)

Discontinued intervention (give reasons) (n=
XX)

Lost to follow-up (give reasons) (n= XX)

Discontinued intervention (give reasons) (n=
XX)

[ Follow-Up (3 months) ]

y

Lost to follow-up (give reasons) (n= XX)

Discontinued intervention (give reasons) (n=
XX)

A

Lost to follow-up (give reasons) (n= XX)

Discontinued intervention (give reasons) (n=
XX)

[ Analysis ]

Analysed (n= XX)
+ Excluded from analysis (give reasons) (n=
XX)

Analysed (n= XX)
+ Excluded from analysis (give reasons) (n=
XX)

Fig. 1. Study flowchart.
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2. Methods
2.1. Study design

This study is a two-arm, assessor-blinded, pragmatic randomized
controlled superiority trial (Fig. 1). A pragmatic trial design was pro-
posed based on the following [27]: both physiotherapy [28] and OMT
[29] independently have promising evidence to be effective in the
management of chronic fatigue; both physiotherapy and OMT are
complex but feasible interventions as they are already included in the
public health system as usual care, although only the former is delivered
to all patients at our setting; and the urgent need to assess the efficacy of
these interventions in real-world settings given the current morbidity of
COVID-19 in Brazil to inform health policy-makers. The revised version
of the PRagmatic Explanatory Continuum Indicator Summary (PRE-
CIS-2) [30] scores for this trial are: Elig. = 5; Recr.: 5; Setting = 5; Org.
Int. = 5; Flex. Del. = 5; Flex. Adherence = 3; Follow-Up = 3; Prim. Out.
= 5; Prim. An. = 5 (Fig. 2).

The trial will be conducted according to the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) [31]. The trial re-
sults will be reported according to the CONsolidated Standards Of
Reporting Trials (CONSORT) [32] (Supplementary File 1), the CON-
SORT extension for non-pharmacological trials [33], and the template
for intervention description and replication (TIDieR) checklist [34]. This
protocol was prospectively registered (ClinicalTrials.gov Identifier:
NCT05012826).

2.2. Setting
This study will be conducted in a public health primary-to-tertiary

setting, at Osteopathic Clinic outpatient at Engenho de Dentro Munic-
ipal Rehabilitation Center, Rio de Janeiro (Brazil).

2.3. Recruitment

Recruitment will be conducted in a public health primary-to-tertiary
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setting at the Osteopathic Clinic outpatient at Engenho de Dentro
Municipal Rehabilitation Center, Rio de Janeiro (Brazil). The referred
patients will be carried out by physicians who had accompanied them
during the infectious process of COVID-19, and because of long COVID,
they recommend physiotherapy treatment. They can be allocated to the
following rehabilitation sectors according to their necessities: Respira-
tory, Orthopedic, or Rheumatological. After contact being made with a
potential participant, a researcher will evaluate whether the potential
participant is eligible for the study. Potential participants will undergo a
face-to-face assessment to provide additional information to confirm
their eligibility before the baseline evaluation. The study researcher will
discuss with the eligible participants the time demands of taking part in
the study, and confirm that each participant can dedicate this time, to
ease adherence to the interventions. During the baseline evaluation, one
researcher will review the study protocol with the participants and
collect written informed consent. Baseline outcome data will also be
obtained during this session.

2.4. Participants

Participants will be screened for eligibility criteria. Inclusion criteria
comprise age equal to or above 18 years; essential and clinical criteria
for long COVID at baseline assessment (confirmed preceding infection
with SARS-CoV-2, individuals referred for rehabilitation reporting fa-
tigue as major symptom [35]; and ability to understand Portuguese well
enough to be able to fill in the questionnaires. Exclusion criteria
comprise conditions in which fatigue is also a major complain such as
suspected or diagnosed chronic and/or neurological diseases (e.g.,
Parkinson’s disease, amyotrophic lateral sclerosis, Alzheimer’s disease);
pre-existing, chronic diseases affecting the musculoskeletal system (e.g.,
fibromyalgia).

2.5. Randomization and allocation

A computer-generated sequence will be generated using a website
(http://www. jerrydallal.com/random/randomize.htm) to allocate

Eligibility - Who is selected to participate in the trial?

Primary analysis - To what extent are all
data included?

Primary outcome - How
relevant is it to participants?

Follow-up - How closely are

participants followed-up?

Flexibility - What measures are in place to make sure
participants adhere to the intervention?

Recruitment - How are participants
recruited into the trial?

Setting - Where is the trial
being done?

Organisation - What expertise
and resources are needed to
deliver the intervention?

Flexibility - How should the intervention be
delivered?

Fig. 2. PRagmatic Explanatory Continuum Indicator Summary (PRECIS-2) scores for this trial.
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participants to receive either PT or OMT + PT. The allocation sequence
will present 16 blocks of 8 participants each, concealed in sequentially
numbered sealed opaque envelopes. Allocation will be performed by
social assistant not enrolled in the assessments and blinded to the in-
terventions and blocks. Envelopes will be opened to reveal group allo-
cation immediately before the first session for intervention.

2.6. Blinding

To ensure the expectation of treatment is equally balanced between
the groups the participants will not be aware of the study hypothesis
regarding the between-group comparisons. It is not possible to blind the
clinicians regarding the groups and the participants regarding their
treatment. The outcome assessor and statistician will be blind to the
allocations of groups.

2.7. Interventions

All patients with long COVID referred to the rehabilitation service
will be received by a social assistant to allocate the participants in two
groups PT or OMT + PT, present the informed consent form and apply
the questionnaires that will be used to assess the groups. The in-
terventions will be conducted according to each patient’s clinical pre-
sentation, following their usual care and without creating any changes
that could denature the routine clinical practice (Table 1). Participants
in both groups are not restricted to access other interventions (e.g.,
medications or self-guided physical activity). In the follow-up ques-
tionnaire they may report other interventions in the last three months if
any.

The criteria for discontinuing the treatment in both groups include
participants request to withdraw from the research, any condition that
prevents the participant from reaching the treatment setting,

Table 1

Characteristics of the interventions for the osteopathic manipulative treatment
combined with physiotherapy (OMT + PT) and physiotherapy treatment alone
(PT) arms.

Group PT PT + OMT

Participants 38 38

Frequency Maximum of 2 weekly sessions ~ Maximum of 2 weekly
sessions of PT plus maximum
of 7 OMT sessions

Duration 8 weeks 8 weeks

Brief The physiotherapy approach Participants will receive OMT

description for patients with long COVID in addition to the same

Within-session
assessment

Health care
team

includes motor and respiratory
rehabilitation aiming at
maintaining and/or improving
joint mobility, muscle strength,
and functional exercise
capacity

At each visit, the participants
respond by self-report about
their general condition.
Depending on the case, the
physiotherapist will perform a
reevaluation with specific
tests.

Five physiotherapists, with
more than 5 years of
experience each, duly
registered with their class
council.

interventions of PT group. The
OMT entail direct (high-
velocity low-amplitude;
muscle energy; and
myofascial release), indirect
(functional techniques and
balanced ligamentous
tension), visceral, and cranial
techniques

Participants will undergo the
same assessments of PT group.
Participants will also receive a
full-body osteopathic
examination which include
clinical exams, observation,
screening tests, palpation, and
motion testing.

In addition to the five
physiotherapist, other four
osteopaths with more than 5
years of experience each and
duly registered with their
class council; each participant
will be accompanied by the
same osteopath.

25
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hospitalization, or death. The number of consultations/appointments for
each participant will be recorded, as well as possible absences from
scheduled appointments. To reduce attrition rate, on every absence the
social worker will contact the participant via phone call to inquire about
the reason for the absence and encourages the participant to continue
the treatment. In the follow-up questionnaire they may report reasons
for dropping out of the trial to be categorized as cost, health improve-
ment, aggravation of symptoms, death, or others (e.g., relatives sickness,
no allowance work leave).

2.8. PT group

Participants in this group will receive physiotherapy sessions with a
maximum frequency of 2 weekly sessions, as defined by the physio-
therapist, according to personalized therapeutic plans for a period of 2
months. The physiotherapy approach includes motor and respiratory
interventions aiming at maintaining and/or improving joint mobility,
muscle strength, and functional exercise capacity [8]. At each visit, the
participants respond by self-report about their general condition.
Depending on the case, the physiotherapist will perform a reevaluation
with specific tests. The PT group will receive physiotherapy treatment
offered by five physiotherapists, with more than 5 years of experience
each, duly registered with their class council. The treatment provided
will be registered on each participant’s clinical notes and a summary of
main interventions will reported.

2.9. OMT + PT group

Participants in this group will receive OMT in addition to the same
interventions of PT group for the same 2-month period. The frequency of
treatment will be decided based on the clinical judgment of the osteo-
path who is accompanying each case, not exceeding 7 consultations in
total. At each visit, the participants will receive a full-body osteopathic
examination which include clinical exams, observation, screening tests,
palpation, and motion testing. The OMT entails direct (high-velocity
low-amplitude; muscle energy; and myofascial release), indirect (func-
tional techniques and balanced ligamentous tension), visceral, and
cranial techniques [36]. Selection of specific OMT will follow the ‘TART’
criteria—Tissue texture changes, Asymmetry, Restriction of motion,
Tenderness [12,18,36-38]. OMT will be provided by 4 osteopaths with
more than 5 years of experience each and duly registered with the
Brasilian register of osteopaths; each participant will be accompanied by
the same osteopath.

2.10. Outcome measures and assessment points

The primary outcomes are fatigue and functional status associated
with long COVID measured two months after randomization. The sec-
ondary outcomes are fatigue, functional status, and global perceived
effect three months after randomization. All patients with long COVID
referred to the rehabilitation service will be received by a social worker
who will present the informed consent form and apply the question-
naires that will be used to assess the groups. The allocation of the par-
ticipants in two groups PT or OMT + PT will be performed by a research
assistant. The physiotherapy and osteopathic providers and assessor
roles are separated by using a blinded research assistant. The partici-
pants are aware that the social worker will not communicate their
symptom report to the provider.

The Fatigue Severity Scale (FSS) aims to assess how impactful is fa-
tigue on activities of daily living and on an individual’s lifestyle. This
tool can be used and recommended in various conditions. the scale
consists of 9 items on how fatigue interferes with certain activities.
Severity is classified according to a self-report scale. The scale consists of
a 7-point score where 1 = strongly disagree and 7 = strongly agree. The
minimum score is 9 and the maximum is 63. The higher the score is the
greater the severity of fatigue [39]. The Portuguese-Brazil version of FSS
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has high reliability (Cronbach’s alpha = 0.93) and good construct val-
idity with pain and fatigue instruments (Pearson correlation of 0.60 and
0.56, respectively) [40].

The Post-COVID Functional State scale (PCFS) is a questionnaire for
the purpose of assessing functional limitations in patients affected by
COVID-19. This instrument tries to capture the range of possibilities for
functional changes that the virus can cause. PCFS covers limitations of
daily tasks/activities at home or at work/school, as well as changes in
lifestyle, sports and social activities are also included. The scale has a
score from O to 4 with 0 being no functional limitation and 4 severe
functional limitation (https://osf.io/qgpdv/) regarding his condition on
the day of application [41]. The Portuguese-Brazil version of PCFS has
weak-to-strong construct validity (Pearson correlation in range
0.233-0.661) with health-related quality of life [42].

The Perceived Change Scale (Patient Version) (EMP-patient) scale
aims to assess the results of the treatment received from the perspective
of the patients themselves. It has 19 items, 18 of which assess the
perceived changes related to: occupation and physical health, psycho-
logical dimension and sleep, relationships, and emotional stability, in
addition to a last item that globally assesses the perceived change. Each
item has 3-point Likert responses, where point 1 equates to worse than
before, 2 to no change and 3 to better than before [43]. The
Portuguese-Brazil version of EMP-patient has good internal consistency
(Cronbach alpha = 0.85), test-retest temporal stability (Pearson corre-
lation = 0.93) and convergent construct validity with a service satis-
faction instrument (Pearson correlation = 0.37) [44].

2.11. Handling and recording of adverse events

Either physiotherapists or osteopaths providing the interventions
will inquire about possible adverse events and this information will be
recorded in the patient file. In case of any adverse events the researchers
will ensure that the condition is managed and will decide the further
course of action based.

2.12. Statistical analysis including sample size calculations

The sample was calculated using the formula for a superiority trial
[45]. Sample size was calculated based on a minimal clinical important
difference between groups on 1 point (standard deviation of 2.0 points)
on the FSS scores at 2 months [46]; no calculation was performed based
on PSFS as to the best of our knowledge minimally important differences
are yet to be determined [41]. A total sample of 64 participants (32 per
arm) is required considering a type-I error of 5% and type-II error of
20%. With a possible 15% loss to follow-up, the required total sample
size is 76 participants.

A statistician will conduct the analysis using encoded and deidenti-
fied data in R version 4.1.2. The principle of intention-to-treat will be
used for analysis [47]. All enrolled participants will be followed through
the study and included in the analysis and compared in the outcome
measures on the basis of the treatment group to which they were
randomly allocated at baseline, regardless of deviations from random-
ized allocation (e.g., deviated from the treatment protocol, received a
different treatment, non-compliance); false inclusions; or missing out-
comes (e.g., they started the treatment allocated, subsequently with-
drew from the trial, or were lost to follow-up). Sensitivity analysis will
be conducted under a per-protocol analysis to test for possible effects of
incomplete adherence and loss to follow-up [48]; prerandomization
data (age, sex, baseline functional status, time since acute COVID-19
infection, history of ICU admission) will be included as adjustments.

Data will be assessed for evidence of departure from normality and
will either be transformed or analyzed using a nonparametric equiva-
lent, if required. Comparative summary statistics (difference in means
with 95% confidence intervals) will be reported. Independent mixed
linear models will be used to test the interaction and main effects of
group (OMT + PT, PT) and time (baseline, 2 months, 3 months) for the
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study outcomes (FSS, PCFS, PCS), considering age sex, time since acute
COVID-19 infection, and history of ICU admission as covariates. Base-
line variables will be evaluated as predictors and moderators of treat-
ment including terms and interaction models [49].

Missing data will be assumed to be missing at random. Multiple
imputation will be used to account for these missing data [50]. Missing
values in outcome variables will be estimated using multiple imputation
by chained equations after 50 replicated imputed data sets. Variables
included in the multiple imputation process included factors group,
time, and the respective outcome variable.

2.13. Data management

Data will be audited regularly by the statistician for omissions and
errors. Data will be double-entered manually and potential divergencies
will be resolved. Electronic data will be stored on password-protected
servers and paper-form data will be stored in locked filing cabinets,
both at the Engenho de Dentro Municipal Rehabilitation Center. Data
will only be accessible to the research team. All documented data will be
coded using a unique identification number given for each participant
after randomization. A secure list of participant identification numbers
will be preserved separate from the deidentified data.

3. Discussion

This paper presents a research protocol and rationale for a pragmatic
randomized controlled superiority trial to compare the effectiveness of
OMT combined with PT as compared to PT alone on fatigue and func-
tional status in adults with long COVID. The reporting of effects of
physiotherapy interventions are emerging for patients with long COVID
[3], but for OMT remains unknown. Fatigue and functional status are
both complex symptoms, being both among the most common and
persistent sequelae in long COVID [6]. Likewise, both PT and OMT in-
terventions target multiple dimensions under the biopsychosocial model
[3,10-15]. Hence, this study will provide further evidence on the
combined effects of OMT and PT on clinically relevant outcomes. These
aims highlight the need for a pragmatic trial as both physiotherapy and
OMT are currently delivered in the public health setting on a national
scale.

Strengths of this protocol include the trial’s randomized, pragmatic
design; the use of two main physical rehabilitation interventions avail-
able in the national public health setting; the implementation of pro-
cedures to reduce potential threats to internal validity, such as the
blinding (social assistant, professionals delivering the intervention.
statistician); computer-based, block randomization of groups; and using
valid and reliable instruments for assessing the outcomes. Limitations of
this protocol include threats to external validity and generalizability:
exclusion of participants with chronic neurologic and musculoskeletal
conditions; possible drop-outs and/or non-compliance rates higher than
the anticipated; and no measures to assess for the influence of expec-
tation effects (i.e., sensitivity analysis) on the outcomes given the lack of
blinding of participants. When completed, we expect this study to
contribute to evidence regarding the effectiveness of PT and OMT in-
terventions delivered under pragmatic conditions in the public setting.

Ethical approval

This study was approved by the institutional research ethics com-
mittee (38342520.7.0000.5235) following national and regulations and
the Declaration of Helsinki. All participants will sign an informed con-
sent form after being informed of the nature of the study and the pro-
tocol to be carried out.

Publication plan

Commencement: August 2021. Primary completion: June 2023.
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Study completion: July 2023. Submission for publication and reportings:
December 2023.
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