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N-of-1 trial designs have rarely been used in bodywork research. Using a recent trial as a methodological
pilot, critical issues related to the applicability of N-of-1 trials to bodywork are discussed. These include
the issues of carry-over effects, bias-controlling approaches and statistical analysis. The discussion high-
lights the importance of mixed methods and draws some suggestions for a future research program. N-of-
1 trials could be used to provide insights about some essential elements of bodywork modalities and their
effectiveness.
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1. Introduction

Recently the author presented the results of a mixed method
N-of-1 trial within a whole systems research case study, aiming
to assess the effect of shiatsu on the health-related quality of life
of a person with secondary progressive multiple sclerosis (SPMS)
[1] (henceforth called ‘‘our study”). In our study, one patient with
no previous experience of shiatsu was recruited by a letter of invi-
tation sent to former patients of the practitioner for sharing. The
first responder was screened and satisfied our study’s eligibility
criteria [1].

Our study was a six-period counterbalanced design comparing
periods of 2-week usual care with periods of 2-week twice-
weekly shiatsu sessions (each session comprised of a shiatsu treat-
ment of 60–90minutes. During the trial, 12 sessions were provided
in total) in addition to usual care. The processes of the study are
summarized in Fig. 1.

The shiatsu sessions were offered at no cost, during visits to the
house of the patient. In order to assess the effect of the treatment,
the short version of the Multiple Sclerosis Quality of Life Inventory
(MSQLI) [2] was administered at the end of each period. At the end
of the trial, a semi-structured interview with the patient explored
her treatment experience, the influence of the trial on her life, and
any possible adverse events. After each shiatsu session, case notes
were kept and used as evidence during the analysis and synthesis
of the case. The results of the MSQLI questionnaires, as well as the
verbatim transcript of the interview and the case notes, are avail-
able in the original publication of our study [1]. For ethical reasons,
our study did not include enough data collection points that could
permit statistical analysis of the questionnaires (a single adminis-
tration at the end of each period). The collected data were analysed
and synthesised as a descriptive case study. Possible improve-
ments in spasticity, bowel function, fatigue, pain, sleep, and relax-
ation were found, without adverse events.

The rationale for writing this present methodological commen-
tary arose while considering the applicability challenges of design-
ing and conducting our study and the lack of relevant literature
that could guide N-of-1 trials for bodywork.

N-of-1 trials are prospective (experimental or observational)
studies aimed to determine the effect of an intervention on a single
participant, ideally in a blinded and randomized manner. Its most
common design is the repeated challenge-withdrawal ‘‘in which
multiple crossovers between treatment(s) and control (placebo,
standard care, or alternate treatment) are continued for a
pre-specified amount of time or until treatment effectiveness is
determined” [3]. Due to the role of the patient as its own control
in the multiple crossovers, there is the opportunity for the treat-
ment and its evaluation to be tailored to the needs of the specific
patient [4] and a user-centred design is feasible [5]. It has been
suggested that N-of-1 trials can offer benefits for patients and
clinicians as well as for the healthcare system overall [6]. Yet until
recently, it was understood that their potential has remained
mostly unfulfilled [7,8]. Following the 2014 publication of a
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Fig. 1. Flow diagram of our study. MSQLI: Multiple Sclerosis Quality of Life Inventory.
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detailed user’s guide [9], the 2015 essential guide book [10], the
publication of the 2015 CONSORT extension for reporting N-of-1
trials (CENT) [11,12] as well as the 2016 series ‘‘N-of-1 trials to
enhance patient outcomes” [4,13], a new interest in N-of-1 trials
was generated. Until that time, N-of-1 clinical trials had been
mostly used to assess pharmaceutical interventions [14]. Since
then, the growing interest is in new areas of investigation.

That trend continues despite the recently disappointing but
vibrant results of the PREEMPT study [15–17], probably the most
comprehensive N-of-1 trial ever attempted, considering the num-
ber of participants and interventions. Its aim was to examine
whether patients with chronic musculoskeletal pain ‘‘would expe-
rience less pain and improved health, adherence, satisfaction and
shared decision making” [16] when randomly allocated in an N-
of-1 trial and supported by a mobile health application compared
to those allocated to usual care. Despite the improvement observed
in both groups, the results failed to show any benefit of the N-of-1
allocation in the reported outcomes. The publication of the PRE-
EMPT study generated an interesting discussion, beginning with
an invited commentary, which concluded that after PREEMPT,
there is no evidence in support of the usage of N-of-1 trials for
improvement of clinical outcomes, ‘‘a beautiful idea being van-
quished by cruel and ugly evidence” [18]. The discussion that fol-
lowed [19–24] highlighted issues with the study itself and with
N-of-1 trials overall, some of which are relevant to our study. Thus
it was indicated that while the study showed no difference in treat-
ment effect for the majority of the study participants, this is not an
argument about N-of-1 trials but about treatment efficacy [19,23].
Instead, the results could be interpreted as supportive of the idea
that N-of-1 trials can be used not only to evaluate the benefit of
a treatment to a specific patient, but also for comparison in terms
of costs or harms between treatments of comparable efficacy, as
well as a tool to improve the therapeutic relationship and promote
scientific literacy and self-efficacy of the patients. This could possi-
bly lead to better-informed compliance with a treatment regimen
[20,24]. The researchers revealed their goal was to balance the
experimental rigour of their study with the choice and convenience
of the patients [24]. As well, it was observed that the documented
clinically important results of the study (including the improve-
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ment in shared decision making regarding medications) were
ignored in favour of looking for statistical significance [22,24].
Yet, it was argued that the length of the intervention periods were
too short to show an effect for the included non-pharmacological
treatments since the ‘‘onset” and ‘‘half-life” of their effects (if they
existed) could only be hypothesized [23,24]. Moreover, a later pub-
lication taking account of the medical record data on analgesic pre-
scribing at the baseline and 6-month follow-up for participants of
PREEMPT found a statistically significant reduction in nonsteroidal
anti-inflammatory drug usage for the patient allocated in the N-of-
1 trial, as well as a clinically meaningful but not statistically signif-
icant reduction in opioid usage [25]. The authors of the later pub-
lication attribute the results to four possible factors: patient’s
improvement of health literacy, improved therapeutic relationship,
improved self-awareness leading to a different way of experiencing
pain, and changes to the treatment regime by the patients due to
the usage of the mobile application [25], something indicated by
the qualitative part of the PREEMPT study as well [17]. It is worth
mentioning that a capsule commentary that followed highlighted
previously discussed design issues that could explain the lack of
statistical significance on opioids, i.e., short length of the trial com-
pared to the many months needed for reducing opioid usage, and
was underpowered among patients using opioids [26].
2. Bodywork, N-of-1 trials, and methodological pilot studies

Bodywork, defined as ‘‘therapeutic touching or manipulation of
the body by using specialized techniques” [27], refers to many dif-
ferent therapeutic modalities [28]. Its individualized application
according to the assessment of the condition by the practitioner
at each session [29] and the constant development of the practice
of each practitioner are two key challenging factors in researching
bodywork modalities [30]. In addition, bias control (such as blind-
ing, control, and randomization) is always difficult to achieve due
to its touch-based nature [31].

Critical elements to consider when designing an N-of-1 trial
are: (a) the condition should be relatively stable or chronic (even
if their applicability in conditions with expected natural recovery
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is under investigation [32]); (b) there should be substantial uncer-
tainty regarding the comparative effectiveness of the examined
treatments with a heterogeneity of their effects to be expected;
and (c) the treatments should have rapid onset and washout
[33–35].

SPMS is a chronic, relatively stable progressive condition, with-
out expectation of improvement [36]. Shiatsu, like most bodywork
modalities, is practised in a heterogeneous, highly personalised
way but lacks robust data on its efficacy. The effect onset and
washout of shiatsu are unknown and probably not rapid. To the
author’s knowledge, before our study there have been no N-of-1
trials for bodywork modalities other than physiotherapy, possibly
due to the fact that bodywork cannot usually satisfy the require-
ment of rapid onset and short washout.

This issue should not prohibit the exploration of ways that
could remedy the problem, making N-of-1 trials applicable in
bodywork research. Extrapolation is used in science when dealing
with a new phenomenon: trying to explain the unknown with the
help of what is already known. Reaching the applicability limits of
a method can show what those limits are, either by its successful
application in new areas of investigation or by its failure that could
guide to a new approach [37]. Our study extrapolates knowledge
coming from different areas of investigation rarely used in N-of-1
trials.

In the present commentary, our study is considered as a
methodological pilot that could highlight the limits of applicability
for N-of-1 trials in bodywork. A pilot study is ‘‘a small-scale test of
the methods and procedures to be used on a larger scale if the pilot
study demonstrates that these methods and procedures can work”
[38]. In the context of N-of-1 trials, pilot studies have been used to
examine their feasibility in terms of actual recruitment of patients
[39], or to examine the feasibility of methodologically innovative
designs in settings not usually considered well-fitted for N-of-1
investigation [32]. They can also help to prepare a series of N-of-
1 with multiple participants or group studies [40], or to show the
feasibility of them in clinical practice [41]. Yet, during peer-
debriefing of our study, it appeared that the concept of an N-of-1
trial as a methodological pilot was poorly understood. Comments
such as ‘‘I am not convinced that one can/should ‘pilot’ an N-of-1
approach” and ‘‘if this were to be scaled up to a full-size study
(the anticipated trajectory of a ‘pilot’) it would still have only a sin-
gle participant. This is a definitional/logic issue that flaws the
whole piece” has made clear to the author the need to elaborate
further on the approach used in our study.

Our study highlighted the fact that the results ‘‘are not general-
izable but refer to the specific participant in the specific setting”
[1], a limitation often considered embedded to N-of-1 trials overall
[42]. Yet it has been supported that a series of patients taking place
in identical N-of-1 trials can provide a basis for ‘‘making assertions
about overall treatment effectiveness within the group” [43], even
though generalizing the results to other populations should be
done with caution. Thus, it is suggested that our study could take
the role of a pilot for a larger N-of-1 study with several participants
suffering from SPMS. Moreover, by considering our study as a
methodological pilot, it is not implied that the time-related and
pharmacology-compatible characteristics of the bodywork modal-
ity examined in our study (shiatsu) are quantitatively directly
transferable to other settings and populations. Yet, it is suggested
that due to the current lack of relevant evidence it is reasonable
to rely on the common scientific rationale that ‘‘similar” outcomes
should occur in ‘‘similar” situations in the future [44]. Thus the
approach taken in our study and as further specified below could
be used in future studies of shiatsu or other bodywork modalities
in order to provide quantitative estimates of the time-related and
pharmacology-compatible characteristics of the modality, that
are necessary in order to design a robust N-of-1 trial [23,24].
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Some critical issues related to the applicability of N-of-1 trials
to bodywork are discussed below in light of the experience of
our study. These include (1) carry-over effects, (2) bias-
controlling approaches, and (3) statistical analysis.

The discussion also highlights the importance of mixed meth-
ods [45,46] and makes some suggestions for a future research pro-
gram. Its scope covers the exploratory investigation of time-related
and pharmacology-compatible bodywork characteristics (investi-
gation of the process of change that is connected with the practice
of the modality [47]) as well as effectiveness research.
3. Considering onset, half-life, washout, and dosage as
applicable concepts in bodywork: Dealing with the carryover
effects

The main challenge for bodywork N-of-1 trials is carryover
effects, which are difficult to detect and interfere with the results
since there is no previous knowledge about their amplitude [48].
They are related to the quantitative concepts of onset, half-life,
washout, and dosage as used in pharmacological research. By
knowing the values of each substance used, pharmacological N-
of-1 trials can be adjusted to accommodate the design to the speci-
fic timeframes needed for the analysis of the effect of the specific
substances. N-of-1 is well fitted to inform optimal dosage, onset
and washout [7], but are those time-related and pharmacology-
compatible concepts applicable to bodywork?

The non-specificity of mechanisms of action [49] and other
characteristics of bodywork poses a challenge for research either
at a basic laboratory or clinical effectiveness level [50–52]. This is
true of shiatsu as well, with a fuzziness of definitions and different
styles of practice sharing only a few common characteristics
[1,53,54]. By acknowledging the lack of previous knowledge
regarding those time-related and pharmacology-compatible con-
cepts about shiatsu, our study attempted to extrapolate the
approach of ‘‘physiological effect models” as used in pharmacody-
namics [55]. Since the effect of shiatsu in the organism is quantita-
tively unknown, it was aimed to collect data as rich as possible, in
order to facilitate the usage of a ‘‘looking at the data” [55]
approach. Thus, mixed methods were used in the hope of partly
substituting the quantitative unknown with the qualitative data.

Even if triangulation was used in our study with all the col-
lected data in order to reach credible results (despite the lack of
statistical power), a specific example might highlight the role that
mixed methods can have in terms of the carryover-related issues.

The interview that followed the clinical part of our study
revealed the effect of the treatment on spasticity as the most sig-
nificant for the patient, despite the fact that it was not included
in the MSQLI [1]. The case notes kept after each session provide
evidence that spasticity was the primary complaint during the first
three sessions with shiatsu (period B1) but not afterwards during
the last sessions of the B1 period and the following B2 period.
Spasticity reappeared during the usual care period and became
again the major complaint during the first three sessions of the
final B3 period when shiatsu was reintroduced [1]. The inclusion
of the interview at the end of our study, as well as the decision
to include case notes, and not only rely on the quantitative ques-
tionnaire was crucial in documenting an effect not anticipated
before-hand. Additionally, it was possible to infer a timeframe of
its onset until the peak (three sessions in one and a half weeks)
and washout (two sequential usual care periods—4 weeks in
total—to reach a level that required another three sessions during
one and a half weeks to repeat the effect). Those results, even if
not documented using quantitative methods, could be used in con-
junction with other, presumably more quantifiable effects as doc-
umented in the MSQLI, reinforcing (or not) an idea of a common
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timeframe for the occurrence of different effects that could provide
further justification for quantifying the time-related and
pharmacology-compatible characteristics of shiatsu.

3.1. Onset and peak

The onset and peak of the effect of most forms of bodywork
cannot be determined based on biochemical characteristics as
happens in pharmacology, at least not based on the current knowl-
edge about physiological effects of bodywork at the micro-level
and the ability to infer from them effects at the macro-level
[50–52]. In our study, attempts were made to determine the onset
and peak by observing the changes in the effect that occurred after
each session. It was found that the onset occurs during one treat-
ment period, but eight sessions over four weeks (the trial’s maxi-
mum treatment period) were necessary for the effect to reach
the peak for some of the examined domains (Fig. 2). In pharmacol-
ogy, that would be considered a very long onset and peak time,
prohibiting N-of-1 methodologies. In the bodywork context, N-
of-1 designs with even longer, possibly adaptive [17,56] treatment
periods might be exploratory, aiming to establish the onset and
peak of different bodywork modalities for different conditions.

3.2. Half-life and washout

Similar challenges exist for the determination of the half-life for
effects of bodywork. Despite the limited data collection points in
our study, it was found that the maximum effect on bowel control
that was achieved in eight sessions over four weeks, declined stea-
dily for every two weeks without treatment (Fig. 2). It is suggested
that by using exploratory N-of-1 trials for specific modalities, it
could be possible to reach preliminary estimations for an equiva-
lent of half-life, i.e., at what rate an observed effect is fading away.
Such trials should permit robust statistical analysis, ideally includ-
ing varying/adaptive periods of treatment and control. By using
half-life estimates determined by pilot studies, a satisfying wash-
out and follow-up period could be inferred and used for larger
studies.

Recently, it has been proposed that ‘‘multiple baseline design”
(MBD) could be used when long-lasting effects are expected [57],
as is often the case for bodywork. Yet MBDs originated from beha-
vioural research [58], and are very unlikely to be feasible in body-
work. In bodywork, MBDs will require the ability to locally restrict
effects and change their location over time [59]. Bodywork modal-
ities aiming to bring a systemic effect in the functioning of the
Fig. 2. Selected MSQLI scores. MSQLI: Mult
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organism as a whole are weak candidates for MBD’s designs. On
the other hand, as it has been shown for physiotherapy [60–62],
strictly localised manipulation aiming to have a particular effect
does not need an MBD.

3.3. Dosage

The concept of dosage is most commonly understood in the
manner used in pharmacotherapy. There is inadequate knowledge
regarding which modality might be more beneficial for a specific
condition and its required dosage [63]. Dosage in the context of
bodywork might mean how long each session is (amount), how
often sessions are given (frequency), and how long a treatment
schedule lasts (length). Given this knowledge gap, N-of-1 trials
for bodywork run the risk of under-treatment. In our study, it
was explained that the dosage regime of the trial was not following
the common practice of shiatsu. The amount of treatment was
adjusted according to the assessment of the condition by the prac-
titioner at each session, mostly exceeding the common practice of
45–60 min per session. The frequency was based on the clinical
experience of the practitioner, and was twice as often as in stan-
dard practice which suggests once-weekly sessions. The length of
our study was limited due to ethical and logistical reasons, a limi-
tation that from a methodological perspective was partly corrected
by the counterbalanced crossover that provides two consecutive
shiatsu periods. The results of our study are supportive of the idea
that the concept of dosage is applicable in bodywork. Pilot N-of-1
trials with adaptive periods and varying dosage characteristics
could provide more specific details about an estimate of the actual
dosage requirements which in turn could be used to design more
robust bodywork N-of-1 or group trials.
4. Controlling and placebo

The only control used in our study was a period of standard
care. Yet, as an anonymous peer-reviewer of our study indicated,
this is not a good enough way to control for ‘‘doing nothing.” This
is an issue that might apply to all kinds of treatment vs standard
care trials. On reflecting from a methodological angle, the author
believes that while in a single N-of-1 bodywork trial it might be
challenging to account for the therapist effect (the ‘‘doing noth-
ing”), controlling is not impossible.

Controlling in bodywork is a problematic issue [31]. There are
three ways to control with different aims: no-treatment, alterna-
tive treatment, and placebo treatment periods [64]. The used
iple Sclerosis Quality of Life Inventory.
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standard care could be equivalent to using a no-treatment period.
While it might be relevant to clinical practice, it is not possible to
differentiate specific bodywork from placebo effects [65].

When using the placebo effect as a methodological instrument
to separate the specific and non-specific effects of the treatment, it
is assumed to be ‘‘treatments theorized not to be effective for a
condition or symptoms by virtue of their intrinsic properties”
which should ‘‘mimic the appearance of the verum treatment
except for its particular, hypothesized, remedial factor” [66]. Phys-
ical placebo interventions (including surgeries) have been found to
be associated with strong effects, and the more invasive the inter-
vention the greater the effect [67]. In bodywork research, there
have been attempts to use sham or placebo control [68]. Yet their
efficiency remains questionable [69] as long as they are not objec-
tively verified by monitoring physiological effects [70,71]. Poten-
tial sham methods include active components and have been
found to be not credible [64], while placebo effects are an essential
active mechanism of bodywork [72,73]. A heterogeneous mixture
of approaches has been used [74] including hands-on techniques
that might belong to other bodywork modalities and thus produce
a bodywork specific effect [75], and physical modalities requiring
mechanical equipment. The most successful attempts so far are
related to simulation of specific, localised, brief manipulations
[76], an approach not generalizable to modalities that aim to have
a systemic effect.

A more ‘‘ontological” (the term is used as per Blease & Annoni
[77] with distinction between ‘‘ontological-motivated” and
‘‘methodologically-motivated” definitions of placebo concepts)
consideration of the factors influencing placebo effects might pro-
vide a useful alternative when attempting to control bodywork.
Contextual factors that mediate the placebo effects are related to
‘‘physical, psychological and social elements that characterize the
therapeutic encounter” [78], including (but not limited to) the
expectations of the patients, elements of the therapeutic relation-
ship such as verbal and non-verbal communication, behaviour
and ‘‘branding” of the practitioner, and therapeutic performance
[77,79]. These are essential elements in the clinical setting of body-
work [78,80] and can be explored by using mixed methods. While
quantification of their role in different modalities is not available, it
is accepted that through them, the placebo effects are part of the
clinical bodywork practice [72,73].

An attempt to include control periods that are planned to elicit
those factors without a physical placebo might provide some par-
tial solution in an effort to differentiate the specific and non-
specific effects of the tested modality. For example, in our study,
instead of using controlled usual care periods, control periods
could have included the usual care with the addition of visits to
the patient without any physical intervention. Those visits would
be as frequent as the shiatsu sessions with the aim of an equal pres-
ence of the therapeutic relationship and other contextual elements
of placebo during treatment and control periods. One aim of a pilot
N-of-1 trial in bodywork that attempts such a kind of control could
be to evaluate the success of the placebo control achieved, by
including semi-structured interviews with the patient and the
practitioner and structured diaries [81–83] in a mixed methods
manner.

5. Statistical analysis

Due to concerns regarding the possible burden to a vulnerable
patient, our study included only one data collection point per per-
iod after the baseline (six in total)—a single administration of
MSQLI at the end of each period. That approach has been used
before to address carryover effects in a secondary analysis [84],
yet it was a critical weakness that made impossible the statistical
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analysis of our findings. By looking at the results from a method-
ological point of view, a linear serial correlation between observa-
tions is expected during the onset until reaching the peak as well
as during the washout. In our study with the counterbalancing
design, a linear serial correlation could run not only inside a period
but between periods inside blocks and between blocks as well,
making statistical analysis without previous knowledge about the
onset and washout extremely challenging.

For the sake of simplicity, the simulated scores that are used
below in the example of statistical analysis, are considered as
coming from a bodywork N-of-1 trial with balanced crossover
and five blocks (ABABABABAB), including ten data collection points
per period. The simulated values (Table 1) are in a scale 0–100 with
0 = worst, 100 = best, with A indicating control and B bodywork
periods. For the statistical calculations of the example R (v.4.0.0)
with R Studio (v.1.2.5042) was used, using the sample code
provided in the publication by Tang and Landes [85].

While in the literature there are complicated statistical
approaches available for the analysis of N-of-1 trials, the recent
work by Tang and Landes [85] provides detailed guidance on a sta-
tistical approach precisely prepared for single N-of-1 trials and is
simple enough to be used by investigators with only basic statisti-
cal skills. Their suggestion is to use ‘‘serial t-tests for rate-change”
when a linear dependency is assumed or ‘‘serial t-tests for level-
change” when linear independence is assumed. That approach
has weaknesses too, since it does not consider carryover effects.
In the following example, we combine those serial t-tests with a
modification of a method proposed in another paper by Wang
and Schork [86] (supposing long periods with multiple data collec-
tion points that will minimise the false-positive chances [85]):
instead of contrasting the mean score of the initial treatment per-
iod with the mean of the aggregated treatment periods that follow,
the rate-change of the beginning part (of which the length in a
mixed methods study could be estimated by using the case notes
of the practitioners and by ‘‘looking at the data” of the question-
naires) of each treatment period can be compared with the rate-
change of the rest of each treatment period, to estimate the onset.
Similarly, with the control periods the comparison of the rate-
change could provide details about the washout of the active
treatment.

Step 1: By plotting the scores and triangulating with case notes,
we can identify a trend at the first two to three scores of the B-
periods, possibly indicating the onset till peak time. Similarly, for
the A-periods we can identify a trend at the first three scores that
follow B-periods, possibly indicating the washout.

Step 2: We can test the observation of step 1 by using the 2-
sample serial t-test for rate-change in each period with the results
indicating small or relatively small P-values for most of the periods
(Table 2). For the sake of the example, we consider that the tests
confirm the observation, meaning that for the examined bodywork
modality, the first two or three scores will be considered as the
onset period as well as the first three scores of the control periods
being considered as the washout period.

Step 3: By excluding the scores belonging to the onset and
washout periods (step 2), the corrected means of all periods can
be assumed to be linear independent and can be tested by using
the serial t-test for level-change. The results of the tests are in
Table 3 (considered with two and three scores as the onset period).

It should be noted that the simulated data and example hypoth-
esis or decisions are intentionally simple in order to describe the
process of analysis, while in real life, more complex relationships
and decisions are expected. An example from our study might
highlight the usefulness of the mixed methods in generating useful
clinical questions even when the quantitative data remain incon-
sistent (Fig. 3).



Table 1
Simulated scores.

Block Period Data collection point

1 2 3 4 5 6 7 8 9 10

Block 1 A1 30 30 30 35 35 20 30 30 30 30
B1 30 35 45 60 75 80 85 80 80 80

Block 2 A2 70 60 55 40 45 40 35 40 30 40
B2 50 65 70 85 85 80 75 80 85 85

Block 3 A3 70 55 35 40 40 30 35 30 30 30
B3 55 65 70 80 80 75 85 90 85 85

Block 4 A4 60 55 45 40 35 40 45 35 30 35
B4 60 70 80 75 85 90 95 90 95 95

Block 5 A5 60 40 40 30 30 35 30 40 35 35
B5 60 65 75 80 80 75 85 90 80 80

A: control period; B: bodywork period. Each data collection point refers to a score completed at different points in time during each period.

Table 2
Two-sample serial t-tests for rate-change.

Compared scores Standard deviation Standard error t-statistic 2-sided P-value

A2[1:3]/A2[3:10] 4.2375 2.1174 –3.0361 0.0084
A3[1:3]/A3[3:10] 2.9039 1.5980 –9.8338 < 0.0001
A4[1:3]/A3[3:10] 4.3757 3.1957 –2.0117 0.0906
A5[1:3]/A3[3:10] 4.4766 2.1812 –5.0759 0.0001
B1[1:3]/B1[3:10] 6.0831 4.8752 1.0256 0.3562
B2[1:3]/B1[3:10] 4.2725 3.8466 2.5997 0.0692
B3[1:3]/B1[3:10] 3.8704 2.7686 2.1930 0.0679
B4[1:3]/B1[3:10] 3.9340 2.9547 2.4174 0.0553
B5[1:3]/B1[3:10] 4.6877 3.3951 2.0513 0.0847

X[a:b]/X[c:d]: scores a to b of period X vs. scores c to d of period X.

Table 3
Paired serial t-test for level change.

Compared periods Standard deviation Standard error t-statistic 2-sided P-value

A[4:10]/B[3:10] 3.6204 3.1816 –14.5141 0.0401
A[4:10]/B[4:10] 3.1298 1.9808 –24.2322 0.0017

A[a:b]/B[c:d]: scores a to b of A periods vs. scores c to d of B periods. Two different score sets [c:d] are used, to show the potential of the described process for the statistical
identification of the washout period.
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As discussed in our study [1], the two pain-related scores that
are included in the MSQLI follow opposing trends, with the Bodily
Pain Scale doing worst during the B1–B2 periods that included shi-
atsu. However, the patient considers the relief from her pains as an
essential element of the shiatsu treatments she received. While the
case notes indicate the appearance of temporary local pains during
the sessions, these were never mentioned in the post-treatment
adverse effect enquiries. The suggestion of our study, considering
all forms of data, was that the pain documented by the Bodily Pain
Scale did not correlate with the effects of the pain assessed by
Fig. 3. Contradicting pain-related MSQLI scores. MSQLI: Multiple Sclerosis Quality
of Life Inventory; MOS: medical outcomes study.
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Medical Outcomes Study Pain Effects Scale but corresponds to the-
ory and experientially consistent ‘‘transitional effect” that is
known to occur in shiatsu practice [87]. The contradiction between
the scores was an issue in that without using mixed methods, it
would probably not be possible to explain in a clinically relevant
way even if the MSQLI was completed enough times to permit sta-
tistical analysis.
6. Conclusion and suggestions for future studies

N-of-1 trials with mixed methods as an exploratory design
could be used as pilots, which aim to provide details about the
time-related and pharmacology-compatible characteristics of the
tested modalities (onset and peak, washout, dosage) [88,89]. Those
details could feed simulations [90] so that more extensive (N-of-1
or group) studies could be optimally designed and the appropriate
analytical approach chosen, making them more appropriate and
specific to each tested modality. In a feedback-loop manner, better
accuracy to the estimators of the time-related characteristics could
be achieved, using methods specifically developed for the estima-
tion of the effect size [91] and Bayesian analysis [92].

Considering the high probability that bodywork N-of-1 trials
will continue for the near future to be very small and limited, pos-
sibly having to face similar ethical concerns as our study, it should
be highlighted that with the methods discussed in the present
commentary, a minimum of five periods per examined treatment



S. Tsiormpatzis Journal of Integrative Medicine 19 (2021) 203–210
should be included in order for a statistical analysis at the single
level to be possible [85]. A higher number of observations during
each period could promote more accuracy in the onset and wash-
out estimations. Aggregation of multiple N-of-1 trials, aiming for
inferences of overall treatment effectiveness [93], should follow
the most appropriate approaches indicated in the literature, prob-
ably using Bayesian linear mixed models [94].

When moving from the single N-of-1 trial to larger trials with
multiple participants and practitioners, power analysis could be
considered following recent methodological suggestions
[5,86,95]. In such trials instead of the standard care control periods,
it might be worth considering partial controlling by using a kind of
open-label placebo [96], in the form of the simple presence of the
therapist without touch interaction, for the same time as the ses-
sions of the active treatment periods. This might be more feasible
for bodywork modalities with a short intervention time. Elements
of randomization and blinding (for example on which practitioner
treats whom, on treatment or control allocation per session, and
during analysis) as well as routine physiological measurements
beside the chosen patient-reported questionnaires, could be
utilized.

Besides providing further insights about critical elements of
bodywork modalities and their effectiveness, those studies could
permit a comparative analysis between different bodywork modal-
ities and styles, providing a way to explore the ‘‘Dodo Bird Verdict”
[97], translated as the absolute vs relative efficacy controversy [98]
for bodywork, which, as long as the specificity of time-related and
pharmacology-compatible bodywork characteristics is not improv-
ing, remains an open issue [99,100].
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