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Objectives: Paratonia, a form of hypertonia typically seen in dementia, is often associated with difficulties
in positioning and daily care. No evidence-based therapy or clinical guideline for management is
available. In this study, the short-term effect of harmonic techniques (HT) and supporting cushions (SC)
on paratonia was explored.
Design: This was a multicenter interventional clinical trial with AB/BA crossover design. Each interven-
tion (SC or HT) was subsequently implemented over 1 week in each of the participants.
Setting and participants: The study included 22 participants with moderate to severe paratonia from 9
different nursing homes in Flanders, Belgium.
Methods: Measurements of biceps brachii and rectus femoris muscle tone (MyotonPRO), maximal elbow
and knee extension (goniometer), and pain (Pain Assessment Checklist for Seniors With Limited Ability
to Communicate) were performed on 3 different days within 1 week. The effect of HT on nursing care
was evaluated with the Pain Assessment Checklist for Seniors With Limited Ability to Communicate and
visual analog scale ratings of discomfort items.
Results: After 30 minutes of positioning with SC, participants had lower biceps brachii muscle tone
(P ¼ .041) and higher maximal elbow extension (P ¼ .006) than without SC. After a 30-minute session of
HT, a significant increase in biceps brachii muscle tone (P ¼ .032) and maximal extension of elbow
(P < .001) and knee (P ¼ .028) was found. Pain (P ¼ .003) and discomfort (P ¼ .001 to P ¼ .019) during
morning care were significantly lower when care was preceded by 30 minutes of HT.
Conclusions/Implications: This explorative study revealed beneficial short-term effects on range of motion
for both SC and HT and a positive effect of SC on upper limb muscle tone. Beneficial effects of HT were
found on resident’s pain and caregiver’s discomfort during care. The results of the present study are
encouraging and can contribute to the development of evidence-based interventions for paratonia.

� 2019 AMDA e The Society for Post-Acute and Long-Term Care Medicine.
Dementia is associated with a wide range of motor disturbances,
which are often under-recognized.1e7 Paratonia, a type of hypertonia
characterized by a variable and involuntary resistance to passive
movement, is present in 10% of early-stage and 90%-100% of end-stage
dementia.1,2,8e11 It affects patients’ quality of life, because it is asso-
ciated with pain, contractures, and decubitus, and causes caregivers’
strain through difficulties in positioning and daily care, particularly in
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end-stage dementia.12 Notwithstanding the high clinical relevance,
the body of knowledge concerning paratonia is scarce and evidence-
based therapy is lacking. Some studies have proposed passive mobi-
lization, which might induce a transient positive effect immediately
after therapy, but no long-term beneficial effect on paratonia has been
established.13 On the contrary, stretch on activated, hypertonic mus-
cles might cause microtrauma in already fragile muscle tissue, causing
pain and a further increase of muscle tone.13,14 Therefore, passive
mobilization cannot be recommended as an effective and safe inter-
vention for paratonia.13 In some cases of severe paratonia, local bot-
ulinum toxin administration could be considered in order to allow
proper nursing and care by increasing range of motion.15 Yet this is a
local intervention, and paratonia is usually present in large parts of the
body; therefore other “globalized” interventions are needed.
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By lack of evidence-based guidelines, physiotherapists and other
caregivers are trying to deal with the consequences of paratoniawith a
variety of therapeutic strategies based on empirical findings and hy-
pothetical theories. In a recent survey, physiotherapists in nursing
homes in Flanders (Belgium) mentioned positioning and soft passive
mobilization as the most frequently used strategies.16

Positioning can be achieved by means of a diverse range of posi-
tioning methods and/or aids and all have the common purpose to
provide stability, comfort, and relaxation.16 By providing additional
support to contractured limbs, a decrease of discomfort and risk of
decubitus can be pursued. It is also hypothesized that persons with
paratonia might compensate for a decreased body perception by
searching for tactile information (eg, by pressing their knees together,
rendering a forced position).17 Offering tactile input (by using cush-
ions) could possibly diminish the need for other input and have a
beneficial effect on paratonia. Scientifically, the effect of supporting
cushions (SCs) on paratonia has only been described in a case report
and small pilot study, and results are inconclusive.17,18

Another frequently applied intervention, according to the results of
the Flemish survey, was passive mobilization.16 However, passive
mobilization as such cannot be recommended because of possible
adverse effects.13 The use of pulsating/oscillating movements was
suggested as an alternative to passivemobilization, because relaxation
obtained by rocking movements may induce muscle tone reduc-
tion.16,19 Such soft pulsatingmovements are described by Lederman as
harmonic techniques (HT), which contain a group of manual tech-
niques bringing a state of resonance in body masses and tissues by
gentle rocking of (parts of) the body.20 Though mainly based on
empirical findings, HT claim to have an effect on local tissue organi-
zation (eg, mechanical changes), neurologic organization (eg,
increased proprioception and pain gaiting), and psychophysiological
organization (eg, generalized motor tone reduction, autonomic
changes, modification of pain perception and tolerance, body-image
integration, and relaxation).20 Studies on rhythmic spinal manual
mobilization reported local and systemic pain reduction, and after
cervical oscillatory mobilization, alterations in muscle activity were
described.21e25 We are not aware of any study regarding the appli-
cation of HT on paratonia.

Given the importance of the epidemiologic and clinical challenge
of dementia, there is a strong need to study the effects of treatments
strategies on paratonia. The purpose of this explorative study was to
examine the short-term effect of both SC and HTonmuscle tone, range
of motion, pain, and daily care in persons with moderate to severe
paratonia.

Methods

Design and Sample

This was a multicenter interventional clinical trial with AB/BA
crossover design. The research protocol was approved by the ethics
committee of the Ghent University (EC/2016/0019), and a written
consent was obtained by the legal representative of all participants.
Participants from 9 Flemish nursing homes were included in this
study. Inclusion criteria were a diagnosis of dementia (confirmed by
the medical file) and the presence of moderate to severe paratonia
(evaluated with the Paratonia Assessment Instrument26 and Modified
Ashworth Scale for paratonia27).

Experimental Procedure

The study consisted of 2 interventions. Each intervention (SC or
HT) was subsequently implemented over 1 week in each of the
participants. Measurements of research variables took place on 3
different days spread over the week.

SC part
Measurements took place in the afternoon, after participantsd

who spent the morning and lunchtime in a (wheel)chairdwere
transferred to their beds. On each measurement day, there were
multiple measurements: (M1) immediately after the transfer and
positioning without using SC; (M2) after 30 minutes in bed, still
without SC; (M3) immediately after positioning with SC; and (M4)
after 30minutes positioning with SC. BetweenM2 andM3, supporting
cushions were placed. On the remaining days, there were no posi-
tioning prescriptions.

HT part
During 1 week, the usual morning care was preceded daily by

30 minutes of HT, and measurements took place on 3 different days
spread within that week. In order to respect as much as possible the
usual time schedules of daily care, all interventions and measure-
ments took place in the morning. On each measurement day, there
were multiple measurements: (M1) baseline measurement before HT;
(M2) immediately after HT; and (M3) after daily morning care. Addi-
tionally, nurses (or nursing auxiliaries) evaluated pain and discomfort
during morning care by means of PACSLAC-D and visual analog scale
(VAS) ratings of discomfort over 2 weeks: (1) control weekwithout HT
(¼week preceding HT week) and (2) HT week.
Interventions

SC
Cushions were placed in a way that a participant’s head and limbs

were well supported, without leaving empty spaces between body
and cushions or mattress. Abundant cushions were used, in order to
stabilize the body and to provide a surrounding of tactile information.
Eventual rotation of the legs (and spine) to one side was neutralized
by additional support at that side, and if possible a cushionwas placed
between the legs. Special attentionwas paid to the facial expression of
the participant to judge if the positioning was comfortable. The exact
positioning was thus subject to certain degrees of interpersonal and
interdiurnal differences; however, the principles were respected and
therefore intended comfort could be assessed equal. Any type of
cushions could be used for this purpose. An example of positioning
can be seen in Figure 1.

HT
HT were applied to the upper limbs (ULs), lower limbs (LLs), and

trunk. To maximize the harmonic oscillating effect of the HT, balloons
were placed under the limbs of the participant in order to provide
additional movement resonance (Figure 2). Sessions of 30 minutes
were performed by local physiotherapists with a foregoing training in
HT. The sequence and timing of targeting either part (UL, LL, trunk)
were not predetermined and could be decided according to the actual
needs of the participant.
Measurements

Outcome variables weremeasured in a fixed order: (1) MyotonPRO
measurement of left and right biceps brachii, and left and right rectus
femoris; (2) measurement of left elbow extension, right elbow
extension, left knee extension, right knee extension; and (3) PACSLAC-
D. A researcher of the Ghent University performed these
measurements.



Fig. 1. Example of positioning with supporting cushions.

B. Van Deun et al. / JAMDA xxx (2019) 1e8 3
MyotonPRO measurement
The MyotonPRO (Myoton AS, Tallinn, Estonia) is a noninvasive,

portable device for determining intrinsic muscle tone based on fre-
quency of oscillations elicited by a mechanical stimulus on the skin
above the muscle belly. Moderate to high reliability and low but sig-
nificant correlation with MAS-P have been reported in persons with
paratonia.28,29 In this study, we used the multiscan mode (10 taps),
and themean of 2 consecutive series of 10 taps was used for analysis.28

For both biceps brachii and rectus femoris muscles, the measurement
point was located at one-third of the total muscle length, starting
Fig. 2. Example of application of harmonic techniques.
distally. All measurements took place in a supine position, yet no
standardized limb position was used in order to avoid influence on
muscle tone by manipulating the limbs before measurements. Series
were erased and repeated if the coefficient of variation of the 10 taps
exceeded 3%.

Range of motion
In supine position, a very slow gradual extension of elbow and

knee was performed, up to the point where further motion was made
impossible because of active resistance or caused a visible discomfort
to the participant. This maximal extension was measured with a
manual goniometer, with negative degrees expressing an extension
deficit. High inter- and intrarater reliability have been reported in
healthy adults, yet no reliability studies have been performed in per-
sons with paratonia.30

PACSLAC-D
This is a valid and reliable Dutch adaptation of the Pain Assessment

Checklist for Seniors with Limited Ability to Communicate (PAC-
SLAC),31 an observation scale for pain detection in older adults living
with dementia.32e34 Presence of 24 items (clustered in 3 categories:
facial expression, resistance/defense and social/emotional/mood) is
scored, with a score of �4/24 indicating pain.33 PACSLAC-D was rated
by (1) the researcher, after eachmeasurement (HTand SC part); (2) the
local physiotherapist, after performing the HT; and (3) nurses (or
nursing auxiliaries), both during the control week without HT and
during the HT week, daily after performing morning care.

VAS discomfort rating
Both during the control week without HT and during the HT week,

nurses (or nursing auxiliaries) were asked to daily evaluate discomfort
during the morning care session by indicating on a 10-cm VAS their
responses to 4 questions:

(1) How high was the (physical) care load for you (physical in-
conveniences such as back pain, fatigue . . . caused by this care
performance)? (0 cm ¼ no physical load at all; 10 cm ¼ very
high physical load)

(2) To what extent do you estimate that morning care was un-
comfortable/wearisome for the resident? (0 cm ¼ not un-
comfortable/wearisome at all; 10 cm ¼ very uncomfortable/
wearisome)

(3) To what extent was care performance hampered by reduced
mobility (eg, armpit or personal hygiene zone difficult to
reach)? (0 cm ¼ not hampered at all; 10 cm ¼ very much
hampered)

(4) How would you rate the global smoothness of care perfor-
mance? (0 cm ¼ very laborious; 10 cm ¼ very smooth)

Paratonia Assessment Instrument (PAI) and Modified Ashworth
Scale (MAS)

In these clinical tools used for verification of inclusion criteria, the
limbs are passively moved and the characteristics (PAI) and amount
(MAS) of experienced resistance are evaluated.26,27 Moderate to se-
vere paratonia was defined as the presence of an MAS score of �2/4 in
at least 1 limb.13
Statistical Analysis

Analyses were performed using SPSS version 25. Data were
checked for normality using the Shapiro-Wilks test. Linear mixed
models analysis was used with “day,” “measurement,” “UL/LL,” “nur-
singhome,” “UL/LL*measurement,” and “day*UL/LL*measurement” as
fixed factors and “left/right” as covariate. For pairwise comparison, a



Fig. 3. The influence of SC on (A) MyotonPRO measurements of biceps brachii and rectus femoris muscle tone (Hz) and (B) maximal elbow and knee extension (�).*Significant at .05.
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Fig. 4. The influence of HT on (A) MyotonPRO measurements of biceps brachii and rectus femoris muscle tone (Hz) and (B) maximal elbow and knee extension (�). *Significant at
.05.
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Bonferroni correction was used. Level of significance was set at 0.01
for normality tests and 0.05 for other tests.
Results

Participants

Twenty-two participants living in 9 nursing homes (2-4 partici-
pants per nursing home) were included in the study. All participants
had severe cognitive decline (Global Deterioration Scale score of 6 or
7).35 Ten participants were diagnosed with Alzheimer’s dementia, 1
had vascular dementia, 1 had frontotemporal dementia, and in 10
participants the type of dementia was not determined. Age ranged
from 67 to 96 years, with a mean of 84.8 � 7.3 years.
Effect of SC on Muscle Tone, Range of Motion and Pain

The influence of SC on intrinsic muscle tone and range of motion
is presented in Figure 3. Biceps brachii muscle tone was lower with
SC than without SC, yet significance was only reached after 30 mi-
nutes with SC compared to (1) baseline without SC (P ¼ .002) and (2)
30 minutes without SC (P ¼ .041). MyotonPRO measurements of
rectus femoris muscle tone remained stable during all
measurements.

Both elbow and knee maximal extension increased when partici-
pants were positioned with SC. After 30 minutes of positioning with
SC, elbow extension was significantly increased compared to both
baseline without SC (P ¼ .002) and 30 minutes of positioning without
SC (P¼ .006); a nonsignificant increase in range of motionwas noticed
compared to baseline with SC (P ¼ .05). Knee extension increased
immediately after application of SC and increased slightly further
during 30 minutes of positioning with SC; however, none of these
changes reached the level of significance.

PACSLAC-D ratings of pain during measurements were very low,
and the mean [and 95% confidence interval (CI)] ranged from 1.0 (0.4-
1.7) to 1.6 (0.9-2.2). No meaningful difference could be found between
the multiple measurements (P ¼ .74).
Fig. 5. VAS ratings of discomfort during morning care
Effect of HT on Muscle Tone, Range of Motion, and Pain

The influence of HT on intrinsic muscle tone and range of motion
are presented in Figure 4. Both immediately after HT (P ¼ .015) and
after morning care (P ¼ .032), the myotonometric measurements of
biceps brachii muscle tonewere significantly higher than before HT. In
rectus femoris, muscle tone changes were not significant, though a
slight increase was found immediately after HT.

Both elbow and knee maximal extension significantly increased
after HT (P < .001 and P ¼ .028 respectively). After performance of
morning care, the range of motion decreased again but remained
higher than before HT. For elbow extension, this residual gain in range
of motion reached significance (P < .001).

PACSLAC-D ratings during measurements were again very low, and
ranged from 0.9 (0.3-1.4) to 1.1 (0.6-1.6). No meaningful difference
could be found between the multiple measurements (P ¼ .423).
Effect of HT on Pain and Discomfort During Morning Care

PACSLAC-D ratings of pain during morning care decreased signif-
icantly from 4.8 (3.6-5.9) during the control week to 3.5 (2.4-4.7)
when morning care was preceded by HT (P ¼ .003). Additionally,
caregivers reported (1) experiencing lower physical load (P¼ .004), (2)
lower estimation of discomfort for the resident (P ¼ .001), (3) less
hindrance by reduced mobility (P ¼ .001), and (4) higher global
smoothness (P ¼ .019) of morning care in the HT week compared to
the control week (Figure 5).
Pain/Discomfort During HT Performance

PACSLAC-D ratings of pain during HT performance were 1.5 (�2.2),
suggesting that application of HT was not painful for the participants.
Discussion

The aim of this pilot study was to contribute to evidence-based
therapeutic strategies for paratonia by exploring the short-term
in control week and HT week. *Significant at .05.
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effects of supporting cushions and harmonic techniques in persons
with moderate to severe paratonia.

The results of the present study provide evidence for beneficial
short-term effect of SC, particularly on the upper limbs of persons
with moderate to severe paratonia. The application of SC induced a
significant decrease in biceps brachii intrinsic muscle tone and an
increase in elbow mobility. Though significant, this decrease did not
exceed the minimum detectable change (MDC) values described by
Drenth et al.29 In the lower limb, the effect was even smaller, with a
nonsignificant gain in knee extension but no meaningful changes in
the intrinsic rectus femoris muscle tone. As we were interested in the
concept of positioning as such, any available cushion could be used.
Although we are aware that diverse custom-made cushions and
positioning systems exist, we did not opt for a specific positioning
system because these systems are often expensive and not always
available. Further studies and head-to-head comparison should be
performed to investigate the eventual benefit of these specific sys-
tems. The time span of 30 minutes was arbitrarily chosen. We could
not find any studies describing the effect of positioning time on
muscle tone changes nor studies reporting the optimal moment for
measuring the positioning effect. Future studies should include mul-
tiple measurements over a longer period. In addition, the long-term
effects of positioning programs and optimal positioning modalities
or aids should be further investigated.

A second intervention arm in this study concerned harmonic
techniques claiming to induce relaxation, pain gating, andmuscle tone
reduction.20 Consequently, lower MyotonPRO muscle tone, higher
maximal extension values, and lower PACSLAC-D scores would be
expected after HT. In contrast to our expectations, the intrinsic muscle
tone was higher whereas the elbow and knee extension deficits
significantly decreased after HT. This is remarkable, because it is
assumed that in paratonia more passive movement becomes possible
when muscle tone decreases.36 A possible explanation might be that
because measurements were performed in the actual resting position,
postintervention measurements were usually performed with more
extension in the limbs, possibly resulting in a higher passive tension of
the muscles.37 Another hypothetical explanation is that an increase in
the range of motion might be mediated by a centrally regulated
relaxation. As the MyotonPRO measurements reflect EMG-silent
intrinsic muscle tension,38,39 an eventual centrally induced relaxa-
tion might not be captured by the given instrument. Future studies
should therefore preferably include additional EMG measurement. It
can also be hypothesized that the gain in maximal extension may be
caused by plastic changes at (protein) tissue level induced by HT.

From this study, we cannot conclude how long after HT the gain in
range of motion is present, because HT was followed directly by daily
care. More studies are needed to investigate the effect duration and
the long-term effects and to bring more clarity in the effect of HT on
local muscle tissue level in persons with paratonia. In addition, it
should be mentioned that the beneficial effect was not equal in all
participants. Future studies should reveal possible determining factors
for treatment effect at an individual level.

During the HT week, in which morning care was preceded daily by
30 minutes of HT, ratings on both PACSLAC-D and comfort perception
indicated significantly less pain and discomfort for residents as well as
caregivers. This is in contrast to the lack of a significant effect of
passive mobilization on pain and caregiver strain reported by Hob-
belen et al.13 Therefore, HT could be an alternative for passive mobi-
lization with respect to facilitating daily care. Yet, more studies are
needed to confirm these findings.

Study Limitations

The results of this pilot study should be interpreted with care and
in the light of some limitations. Both assessment and intervention
were performed in a nursing home setting. As a consequence, envi-
ronmental factors (eg, background noise) cannot be excluded and
could have influenced muscle tone.1 Participants were recruited from
multiple nursing homes. Though no significant differences were found
between the different nursing homes, this potential source of bias
should be reduced in future studies. Furthermore, both caregivers and
researchers were not blinded for the intervention. This might partially
account for the registered effect on daily care in contrast to the study
by Hobbelen et al13 and might have allowed possible bias in range of
motion and pain measurements. Additionally, it should be remarked
that measurements were performed without changing the partici-
pant’s position, because manipulation can increase paratonia. Most
often, however, the limbs weremore extended after HT. Consequently,
the joint position differed between the multiple measurements. It is
not clear towhat extent this might have had an impact onMyotonPRO
measurements. The impact of muscle length on MyotonPRO mea-
surements should be further explored. Also, the inherent variability of
paratonia severitydpotentially interfering with the intervention
outcomedis a challenge for intervention studies in this population.
Yet by including measurement results from 3 separate days, its impact
might have been partially counterbalanced. The present study did not
investigate the effect of SC and HTon the behavioral and psychological
symptoms of dementia, which is an important issue in this population
and can be advised to include in future research protocols. Finally, this
study examined only the short-term effects of SC and HT. Future
studies are recommended to investigate the long-term effects of these
interventions.
Conclusion and Implications

This explorative study revealed beneficial short-term effects on the
range of motion for both supporting cushions and harmonic tech-
niques, and supporting cushions had an additional positive effect on
upper limb muscle tone. A small but significant beneficial effect of
harmonic techniques was shown on residents’ pain and caregivers’
discomfort during care. These encouraging findings should be further
confirmed, and the long-term effects of supporting cushions and
harmonic techniques should be investigated in future studies.
Nevertheless, the results of the present study are a promising step
toward the development of evidence-based interventions for
paratonia.
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