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Manual therapy of infants with
postural and movement
asymmetries and positional
preference
Effects of one-time treatment

Persistentpositionalpreference in infants
is not rare. Studies from the Nether-
lands estimate the prevalence at 8–17%
in young infants [5, 39]. There is co-
incidence of restrictions in cervical mo-
bility with torticollis, plagiocephaly and
C-shaped trunk convexity [27], and/or
fixed retroflexion, prone position intol-
erance and brachycephaly [2]. Synonyms
for this complex of symptoms include in-
fantile scoliosis [36] and infantile postu-
ral asymmetry [27]. Corresponding ab-
normalities should be closely monitored
or require early treatment [10, 14, 22,
26, 27]. Infants with moderate or pro-
nouncedpositional plagiocephaly and/or
brachycephaly (PPB) show increased de-
velopmental delays later on [8–11, 20].
Under 3 years of age, motor skills are
particularly affected. In toddlers and
preschoolers, deficits in cognitive and
language development are more com-
mon. According to Collet et al. [9,
11], the development of PPB is a marker
and not the cause of developmental de-
lays. Early neuromotor deficits could
have a cascade effect on other areas of
child development [9, 11].

The patho- and neurophysiological
basis of postural and movement asym-
metries in infancy are controversially
discussed [15, 27]. Accordingly, various
physiotherapeutic [14], osteopathic [26,
27] and manual medicine [13, 35] treat-

ment concepts exist. First small studies
prove therapeutic short-term effects
in infants younger than 3 months for
physiotherapeutic [14] and osteopathic
[27] multiple interventions. There are
no evidence-based and controlled trials
beyond two pilot studies [13, 33] on
the treatment of appropriately conspic-
uous children aged 3–6 months. The
aim of manual medicine is to optimise
the functions of the locomotor system
while eliminating reversible articular,
segmental, muscular and/or connective
tissue dysfunctions [1]. Recovery of the
physiological joint play with its effects
on mobility and normalization of the
afferent pattern plays an important role
in this process.

Manyyearsofpositiveexperiencewith
manual medicine treatment approaches
have not yet been sufficiently examined
on an evidence-based foundation [6, 15].
The evaluation of a manual therapeutic
approach for infants of this age should
close thisgap. Thetreatmentconceptpre-
sented and investigated herein is based
onneurophysiological principles for pos-
tural and movement control in infancy
[2, 3, 7, 31, 40] as well as on experi-
ence with regard to treatment frequency
and the effectiveness of targeted promo-
tion of movement at home [34]. From
a functional orthopaedic point of view,
reversible musculoskeletal dysfunctions

in key regions of themusculoskeletal sys-
tem may lead to restricted movement
with influence on the proprioceptively
mediated posture patterns in the sense
of a proprioceptive–musculoskeletal co-
ordinationdisorder[3, 19, 31, 32]. There-
fore, the manual medicine treatment of
reversible musculoskeletal dysfunctions
would not only eliminate the articular
and/or segmental movement disorders,
but also optimise the proprioceptive af-
ferent pattern and thus influence the in-
fant’s postural activity [7]. Due to the
high density of mechanoreceptors in the
upper cervical region, this area would be
of particular importance for the detec-
tion of proprioceptive information [16,
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18, 25]. Reversible segmental dysfunc-
tions occurring here can be interpreted
as a consequence of pre- and peripartal
mechanical stress on the musculoskele-
tal system [2, 28–30]. In preparation of
the current study, a reliable and valid
4-item symmetry score was developed
in a first step for the objectifiable assess-
ment of postural andmotor asymmetries
and postural preference for infants aged
14–24 weeks. A pilot study was used to
calculate the number of cases [33]. In
a second step, this study was designed to
evaluate whether the short-term inter-
vention with one-time manual medicine
treatment and a daily home exercise pro-
gramme improves the outcome of this
patient population compared to a home
exercise programme alone. A per-pro-
tocol analysis was chosen to answer this
question. Inaddition, itemsonthecourse
of autonomous symptoms were recorded
and a parent survey was conducted to as-
sess the symmetry development of their
children. The publication of a multi-
centre randomised controlled trial in the
same study design as an intention-to-
treat analysis is in preparation.

Results are reported following the
recommendations of the updated Con-
solidated Standards of Reporting Trials
(CONSORT) statement for randomised
trials of nonpharmacologic treatments
[23, 24].

Materials andmethods

Design and participants

The presented trial is a monocentric,
blocked (with balanced randomisa-
tion [1:1] for two groups) double-blind
controlled parallel-group study con-
ducted in Germany. According to the
CONSORT statement, the study has to
be classified as non-randomised because
of the per-protocol analysis, even though
a randomisation took place. There were
no changes to methods after trial com-
mencement.

The infants were assigned to man-
ualmedicine treatmentbypaediatricians,
paediatric physiotherapists or as part of
the daily practical work. In preparation
of the study, paediatricians in the re-
gion were informed in written form and

at a seminar about the objectives, in-
clusion and exclusion criteria, risks, data
protection, compliance with ethical stan-
dards in accordancewith the Declaration
of Helsinki [41] and the study proce-
dure. In addition, patient information
waspublishedonthepracticewebsite and
communicated by the referring physi-
cians. Inclusion criteria were stereotypi-
cal posture and movement asymmetries
(>9points of the 4-itemsymmetry score),
a corrected age of 14–24 weeks, and the
detection of reversible functional artic-
ular and/or segmental disorders in the
musculoskeletal system.

Exclusion criteria were the presence
of systemic underlying diseases such
as neurological or metabolic diseases,
malformations (e.g. hip dysplasia), ge-
netic abnormalities, muscular torticollis,
chronic and acute infections, preterm
birth (<37 weeks), manual therapy or
osteopathic pre-treatments during the
previous 4 weeks, physiotherapy or vac-
cinations in the previous 2 weeks, and
lack of German language skills of the
parents. Exclusion criteria during the
intervention phase were acute diseases,
vaccinations, and external physiothera-
peutic, manual medicine or osteopathic
treatments.

Thepositivevoteof theethicscommis-
sion of the Friedrich Schiller University
Jena was obtained (4605-11/15).

Setting

Infants from the regional catchment area
were clinically examined in a Dortmund
specialist practice for manual medicine.
The last check-up was in July 2019.
The standardised study forms at the
timepoints T0 (baseline) and T1 (end-
point) were entered and statistically pro-
cessed by the Forschungsberatungsstelle
der Ärztevereinigung Manuelle Medizin
(FBS of the ÄMM; Research Consulting
Office of the Professional Association
of Manual Medicine) with its office at
the Institute for Physiotherapy of the
University Hospital Jena.

Intervention

The aim of the study, treatment risks,
data protection and the procedure were

explained to the parents andwritten con-
sent was obtained from them. The initial
examination was performed by an expe-
rienced specialist medical examiner in
the presence of the parents and a med-
ical assistant. The examiner has several
years of experience in paediatric neuro-
logical diagnostics and differential diag-
nostics of infants, and more than 1 year
of experience in manual diagnostics and
treatment of children.

In addition to a standardised anam-
nesis including the autonomic accompa-
nying symptoms, a medical clinical ex-
aminationwithdevelopmentalneurolog-
ical, manual medicine and, if necessary,
differential diagnostics was performed.
The following assessment of movement
asymmetry was carried out using the
video-based standardised 4-item sym-
metry score [33].

The intervention group (IG) received
a single manual medicine treatment, the
control group (CG) remained without
manual therapy. The infants of both
groups were separated from their par-
ents and cared for about 5–10 min in the
presence of another medical assistant or
were treatedby the treatingphysicianand
cared for afterwards. In themeantime, all
parents received instructions fromtheex-
aminer for a home exercise programme
[34]. They were instructed to perform
this with their child for 4–6 weeks un-
til the study was completed. The parents
were asked about this fact during the final
examination (T1).

The manual medicine diagnosis was
based on manual movement tests and
palpation. Depending on the individ-
ual findings, reversible articular or seg-
mental dysfunctions were treated by sev-
eral mobilisation or infant-adapted ma-
nipulation techniques. The techniques
used correspond to the curriculum of the
ÄMM[37]. Manualmedicine treatments
according to Gutmann and Biedermann
were only chosen for the treatment of the
upper cervical region [3]. A summary of
the techniques used can be found in the
appendix.

The therapist is a specialist in gen-
eral medicine with more than 15 years of
professional experience in manual diag-
nostics and treatment of infants in daily
practice.
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Manual therapy of infants with postural andmovement asymmetries and positional preference.
Effects of one-time treatment

Abstract
Background. There are different therapeutic
approaches to persistent positional preference
(kinematic imbalance due to suboccipital
strain, KISS) in infants. There are no evidence-
based or controlled studies investigating
the effect of manual medicine treatment in
children aged 3–6months, particularly in com-
bination with a home exercise programme.
The presented monocentric study on one-
time manual medicine treatment of infants
aged 14–24 exhibiting these symptoms aims
to close this gap.
Methods. This study comprises a controlled
double-blind trial and per-protocol-analysis.
Primary outcome was the 4-item symmetry

score (4–17 points). The second measurement
was performed after 4–6 weeks.
Results. A total of 62 infants were treated
and evaluated (mean age 17 weeks). The
intervention and control groups started
with a symmetry score of 12.9± 2.1 and
12.5± 1.7 points, respectively. In the interven-
tion group the score improved by 4.9± 2.4
to 8.0± 2.7 points, in the control group it
improved by 2.9± 2.9 to 9.6± 3.0 points.
The difference between the groups was
statistically significant (p= 0.03). Both groups
had significantly better values over time
(p<0.001). No adverse events or side effects
were observed.

Conclusion. Manual medicine treatment
of infants with postural and movement
asymmetries as well as positional preference
in combination with a home exercise
programme is superior to a home exercise
programme alone. Both treatment concepts
achieved significant improvements. However,
the manual medicine treatment played an
important role in reducing the symmetry
score value for the affected children, such they
were no longer in need of treatment.

Keywords
Posture · Torticollis · Scoliosis · Parents ·
Postural balance

Manuelle Therapie bei Säuglingenmit Haltungs- und Bewegungsasymmetrien sowie Lagepräferenz.
Effekte einer Einmalbehandlung

Zusammenfassung
Hintergrund. Für die Therapie von infantilen
Haltungs- und Bewegungsasymmetrien
(„kinematic imbalance due to suboccipital
strain“, KISS) werden verschiedene Behand-
lungskonzepte diskutiert. Die Wirksamkeit
von manualmedizinischen Interventionen
bei Säuglingen im Alter von 3–6 Monaten
ist dabei noch nicht evidenzbasiert oder
in kontrollierten Studien untersucht
worden, insbesondere in Kombination mit
einem häuslichen Übungsprogramm. Die
vorliegende monozentrische Studie zur
manualmedizinischenEinmalbehandlung von
entsprechend symptomatischenSäuglingen
im Alter von 14–24 Wochen soll diese Lücke
schließen.
Studiendesign. Es handelte sich um eine kon-
trollierte Doppelblindstudiemit Per-Protokoll-

Analyse. Als primärer Messparameterwurde
ein 4-Item-Symmetriescore (4–17 Punkte)
verwendet. Die zweite Messung erfolgte
4–6Wochen nach der Intervention.
Ergebnisse. Es wurden 62 Säuglinge
behandelt und ihre Daten ausgewertet
(Durchschnittsalter: 17 Wochen). Beide
Gruppen startetenmit einem Symmetriescore
von 12,9± 2,1 bzw. 12,5± 1,7 Punkten. Die
Interventionsgruppe verbesserte ihren Score
um 4,9± 2,4 auf 8,0± 2,7 Punkte. Die Kon-
trollgruppe verbesserte sich um 2,9± 2,9 auf
9,6± 3,0 Punkte. Der Unterschied zwischen
den Gruppen war statistisch signifikant
(p= 0,03). Beide Gruppen wiesen signifikant
bessere Werte im Verlauf auf (p<0,001). Es
wurden keine unerwünschten Wirkungen
oder Nebenwirkungen beobachtet.

Schlussfolgerung. Die manualmedizinische
Behandlung von Säuglingen mit Haltungs-
und Bewegungsasymmetrien sowie Lageprä-
ferenz in Kombination mit einem häuslichen
Übungsprogramm ist einem alleinigen
häuslichen Übungsprogramm überlegen.
Beide Therapiekonzepte erzielten signifikante
Verbesserungen. Die manualmedizinische
Behandlung trug jedoch wesentlich dazu bei,
dass der Symmetriescore bei den betroffenen
Kindern sich so weit reduzierte, dass sie nicht
mehr behandlungsbedürftig waren.

Schlüsselwörter
Haltung · Torticollis · Skoliose · Eltern ·
Haltungsgleichgewicht

The home exercise programme con-
sists of three exercises which should be
repeated three times a day, five times on
each side until the second examination
date: maximum active head rotation in
supine position, frontal labyrinth posi-
tion reaction in the held riding position,
maximum head lift and head rotation in
prone position. The programme is avail-
able at https://vimeo.com/325375018.

Objective

The effect of a single manual medicine
treatment in combination with a daily
homeexerciseprogrammewastobecom-
pared to the home exercise programme
alone for infants with posture and move-
mentasymmetries/positionalpreference.
Hence, in the following study, the change
in symmetry score was tested in both
groups and in addition also the differ-
ence between IG and CG. Furthermore,

the influence on the children’s autonomic
functionaswell as theparents’ assessment
of postural development is reported.

Outcomes and measurement
method

The primary outcome parameter was de-
fined as the estimationofmotion symme-
try by means of the video score. A stan-
dardised two-dimensional video score
was used for this purpose [33].
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The film sequences were evaluated by
objectifiable, computer-assisted measur-
ing methods for the items head rotation
in supineposition, frontal labyrinth posi-
tion reaction and head elevation in prone
position (1–5 points each). Themuscular
tone difference in hip rotation was mea-
sured by palpation (yes/no, 1–2 points).
This resulted in the symmetry score of
a minimum of 4 points (very symmetri-
cal) and a maximum of 17 points (very
asymmetrical). The need for treatment
was given with a symmetry score higher
than 9points (see appendix). Video anal-
ysis was performed at the initial exami-
nation (T0) and at the final examination
(T1) after 4–6 weeks. Before starting
this controlled trial, the examiner went
through a rigorous training of more than
30 case examples onhow tomeasurewith
the digital goniometer programme.

The validity of the items was based
on expert opinion. The treatment indi-
cation was checked by consulting an ex-
perienced external examiner on the basis
of video-supported movement analyses
and, blinded fromeachother, on thebasis
of the 4-item symmetry score of a cross-
sectional population [33]. The threshold
value of more than 9 points was cho-
sen according to clinical experience to
strengthen the clear indication for treat-
ment bymeans of the symmetry score. In
everyday clinical practice, the indication
for treatment also depends on the indi-
vidualfindingsofeachcaseandthecourse
of development. Thus, the 4-item sym-
metry score is designed for use in clinical
studies. The secondary outcome param-
eter was the parents’ assessment of the
autonomic activity of their infant. Fol-
lowing Wurmser et al. [42] and Phillippi
et al. [27], the children’s sleeping, cry-
ing and drinking behaviour, mood, spit-
ting, excitability and bowel movements
(categories: very noticeable, conspicu-
ous, slightly noticeable, inconspicuous,
don’t know) were evaluated and docu-
mented at T0 and T1.

As a further parameter, the parents’
assessment of symmetry development at
timepoint T1 (categories: clear improve-
ment, slight improvement, no improve-
ment, deterioration) was reported. The
secondary and tertiary outcome parame-

ters were collected through standardised
questionnaires.

Implementation: sample size,
randomisation and blinding

Following the previously performed
case number calculation (power 90%,
α= 0.01; dropout rate of 20% per group)
for the primary outcome criterion based
on the pilot study [33], a total of 72 chil-
dren were randomly distributed among
the groups. To recruit this number of
patients a 12-month inclusion period
was anticipated. Two interim analysis
of efficacy were performed (at 50% and
75% of the expected number of par-
ticipants). Termination criteria were
the achievement of a highly significant
group difference at T1 (p<0.001) or the
occurrence of severe side effects. Ten
children could not be followed up ac-
cording to protocol. While two children
did not appear at the control appoint-
ment and could not be re-examined at
the control interval as planned, eight
children had other exclusion criteria.
In the authors’ experience, vaccinations
during the intervention period can lead
to postural and movement asymmetries
and influence therapeutic outcome. The
same applies to acute diseases at the time
of the examination. In one case there
was unexpectedly no trained advisor
available for the period of the control
examination.

Randomisation was performed as
a six-block parallel-group randomisa-
tion (balanced 1:1) for two groups. For
every block of six participants, three
would be allocated to each arm of the
trial. The randomisation list was drawn
up before the first patient was included
in the study. The randomisation list was
compiled by the FBS Jena of the ÄMM
at the Institute of Physiotherapy by use
of a computer-generated online pro-
gramme (www.randomisation.com) and
administered by an uninvolved medical
assistant. The list was only accessible to
the uninvolved medical assistant andwas
processed according to the numerical
order. Hence only the medical assistant
had access to the randomisation list. For
all other involved persons, the allocation
was concealed.

After admission of the patients by the
examiner and short separation of the
infants from their parents, the treating
physician received appropriate instruc-
tions for each newly included study par-
ticipant from the medical assistant. The
parents as well as the medical examiner
and his assistant were blinded at both
timepoints. Only the physician conduct-
ing the intervention and his medical as-
sistant were not blinded to the group dis-
tribution. The transfer of the infants to
the parents took place in a separate wait-
ing room, differences in the autonomous
behavioural state of the infants were to
be avoided. If exclusion criteria occurred
between the measuring times T0 and T1,
this was considered as a termination cri-
terion and the child was removed from
the study by the blinded examiner.

At the end of the study, the blind-
ing was removed from the parents. De-
pending on the indication, the parents
were offered a manual medicine follow-
up treatment.

Attention to undesirable side effects
was paid from the beginning of the in-
tervention by the therapist, subsequently
by the parents. At time T1, the parents
werequestionedaccordinglybythe inves-
tigator and the results were documented.
The recording of the home exercise pro-
gramme and side effects as well as the
sensorimotor development of the infants
of bothgroupsby theparentswasomitted
to keep the effort for the parents low.

Statistical analysis

The study results were evaluated accord-
ing to the previously selected per-pro-
tocol analysis. The per-protocol analy-
sis was used to determine the concrete
efficacy potential of the single manual
medicine treatment without deviations
from the study protocol. The reason for
the limited number of test persons was
the short studyduration. In the end, both
groups reached the goal of at least 30 pa-
tients per study group. Thus, the selected
per-protocol analysis is valid and could
be used for this study.

The null hypothesis was tested for sig-
nificant differences concerning the sym-
metry score. On the one hand, a group
comparison of the score at time T1 was
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Analysed (n=30)
Excluded from analysis (n=5)

- Vaccination (n=3)

- Acute disease (n=2)

Lost to follow-up (n=1)

- Non-appearance (n=1)

Allocated to intervention (n=36)

Received allocated intervention (n=36)

Lost to follow-up (n=1)

- Non-appearance (n=1)

Allocated to control (n=36)

Received allocated intervention (n=36)

Analysed (n=32)
Excluded from analysis (n=3)

- Vaccination (n=2)

- No examiner (n=1)

Allocation

Analysis

Follow-Up

after 4-6 weeks

Randomized (n=72)

Enrollment

Fig. 19 Flowchart of trial
course

used. On the other hand, the differ-
ence between the score results at time T0
and T1 was calculated. This represents
the dynamics of symmetry development,
in order to enable a baseline correction.
The mean value comparison was carried
out using the t-test for independent sam-
ples with a significance level of α= 0.05.
Furthermore, the t-test for paired sam-
ples was calculated for development in

the single groups. The results of auto-
nomic symptoms were compared with
the help of the Mann-Whitney-U-test.
The parents’ evaluation was assessed by
descriptive statistics. The whole statis-
tical analysis was performed with IBM
SPSS Statistics, version 21 (IBM Corp.,
Armonk, NY, USA).

Results

Implementation: participant flow
and recruitment

Between January 2016 and June 2019,
84 infants receivedaninitial examination;
12 children did not meet the inclusion
criteria of being “in need of treatment”
due to the symmetry score (<10 points)
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Table 1 Patient characteristics sorted by
groupmembership

Intervention
group
(n= 30)

Control
group
(n= 32)

Gender, m/f 21/9 23/9

Corrected age in
weeks (M± SD)

17.0± 2.5 17.2± 2.7

Mode of birth
Spontaneous 15 17

Kristeller ma-
noeuvre

3 0

Primary C-sec-
tion

6 5

Secondary
C-section

4 7

Vacuum extrac-
tion

1 3

Not specified 1 0

Pre-treatment
None 23 20

Physiotherapy 0 3

Osteopathy 7 9

m/fmale/female, Mmean, SD standard devia-
tion

and were excluded. Thus, 36 infants each
were randomly assigned to the IG or CG
to measure the primary outcome param-
eter (. Fig. 1). All infants exhibited re-
versible segmental dysfunction in the up-
per cervical region. At the beginning of
the study, the demographic and clinical
group characteristics (. Table 1) and the
achieved symmetry score were equally
distributed (. Table 2).

All infants in the IG received a single
manual medicine treatment, while chil-
dren in the control group did not. The
blinding of the study team and the par-
ents was maintained until the end of the
study.

At timepoint T1, 30 children of the
IG and 32 children of the CG could be
examined by video analysis. Reasons for
protocol violationswere non-appearance
(n= 2), vaccinations (n= 5), acute dis-
eases (n= 2) and unexpected absence of
examiner (n= 1). The replacement of the
missing examiner was without compli-
cations after a special training session.
No further protocol violations were de-
tected. The study was concluded when
the protocol-compliant case number was
achieved. All parents reported that they

Table 2 Results of the symmetry score for T0 (baseline) and T1 (endpoint after 4–6weeks)
Symmetry Score Results

Symmetry score Mean (min–max) SD CI 95%
T0_IG 12.9 (10–17) 2.1 12.13–13.74

T0_CG 12.5 (10–16) 1.7 11.95–13.18

T1_IG 8.0 (4–13) 2.7 7.01–8.99

T1_CG 9.6 (4–15) 3.0 8.62–10.72

Difference T0– T1_IG 4.9 2.4 –

Difference T0– T1_CG 2.9 2.9 –

Symmetry score statistics P-value Result
T0:
IG vs. CG

0.343 No group differenceGroup difference

T1:
IG vs. CG

0.03a Group difference

IG:
T0 vs. T1

0.000a Pre-post differenceIntragroup difference

CG:
T0 vs. T1

0.000a Pre-post difference

Group difference of the score
dynamics

Difference T0 to T1:
IG vs. CG

0.003a Group difference

IG intervention group, CG control group, SD standard deviation, CI confidence interval
astatistically significant

had completed the home exercise pro-
gramme according to the protocol.

The symmetry score results at T0 and
T1 and the statistical calculations are
shown in . Table 2. The CG improved
by 2.9± 2.9 points from 12.5 to 9.6. The
IG improved by 4.9± 2.4 points from
12.9 to 8.0 (. Fig. 2). The group dif-
ference is significant (p= 0.03). The av-
erage difference between the groups is
2 points and is also statistically signifi-
cant (p= 0.003; 95% confidence interval
[CI] 0.708–3.409). Nevertheless, both
groups improved significantly over time
(p<0.001).

The need for treatment of movement
asymmetrywasdefinedbefore the startof
the study with a 4-item symmetry score
higher than 9 points. Accordingly, at the
end of the study, 21 of 30 infants in the IG
(70%) and 14 of 32 of the CG (44%) were
no longer in need of treatment (. Fig. 3).
Only one child of the IG deteriorated in
the score (3%) and five children in the
CG showed a worsening (16%).

The case number calculation resulted
from the according pilot study (n= 38).
As a primary target criterion, the sym-
metry score was evaluated—in terms of
both absolute values and differences, to
enable the representation of the score dy-
namics. The result of this controlled trial

is that the single manual medicine treat-
ment of children with movement asym-
metries/KiSS significantly improves the
degree of asymmetry in children aged
14–24 weeks in 4–6 weeks follow-up.

The changes in autonomic state were
similarly distributed in both groups
(. Table 3). Due to the proportionally
small number of affected infants, only
items with more than ten affected in-
fants per group were evaluated. The
distribution regarding the items spitting
(p= 0.492) and sleeping (p= 0.419) was
not significant. Deterioration of auto-
nomic symptoms was reported by five
parents for a total of seven items in
infants in the IG and by seven parents
for nine items in children in the CG.
The parents’ assessment of the symmetry
development in their children can be
seen in . Table 4.

The parents’ assessment of the course
of movement asymmetries was essen-
tially in agreement with the results of the
score dynamics in both study groups. In
81% of the cases an agreement between
the parents’ assessment and the score was
found. In absolute numbers, this cor-
responds to 28 children in the IG and
22 children in the CG. Only in 19% the
parents came to different results. In the
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IG the number of missing matches is two
and in the CG ten cases (. Table 5).

Harm was not observed in either the
initial phase after treatment by the prac-
titioner or during the interview with the
parents at time T1. No undesirable side
effects were reported later following the
treatment. One child of the CG could
not be followed up.

Discussion

A blinded and controlled study design
was used to investigate the therapeu-
tic short-term effects of a single man-
ual medicine treatment of infants with
functional posture andmovement asym-
metries. In a separate study, the 4-item
symmetry score used was assessed to be
reliable and valid [33].

For ethical reasons, a basic treatment
at home was offered to all children. All

parents stated that they had completed
the home exercise programme with their
childrenaccording to theprotocol. Inour
opinion, the high level of compliance re-
sulted fromtheblindedstudydesign. The
parents could thus ensure that their child
received at least one form of treatment.
The effectiveness of a home exercise pro-
gramme beyond the recommendations
for tummy-time has not been studied
on an evidence-based level to date. The
standardised movement training alone
showed an improvement of 2.9 points
for the children of the CG and thus
a significant increase in their mobility
(p<0.001). Therefore, 14 children fell
below the threshold value for the treat-
ment indication of >9 points at the final
examination. However, five patients in
this group also deteriorated in the second
test score. In contrast, 21 infants in the
IG were below the predefined indication

threshold at timepoint T1, and only one
child showed a worsening in the score.

Comparisons of the demographic and
clinical variables of both groups show
a largely balanced distribution of the
items gender, birth type, pre-treatment
and autonomic symptoms. The overrep-
resentation of boys in the affected patient
population has also been described by
other authors [5, 27, 35]. Mawji et al.
and De Bock et al. suspect a genetic
predisposition [4, 21].

The improvement in the children of
the CG could prove the spontaneous
course of postural asymmetries. Long-
term observations by Boere-Boonekamp
and van der Linden-Kuiper speak against
this [5]. They analysed the development
of 623 children over 2 years and found
postural asymmetries in 25% of the chil-
dren at the end of the study. Reference
was made at the beginning to compara-
ble study results by Collett et al. with
regard to the developmental progress of
children with postural problems in early
childhood[8–11]. It isnotcertaintowhat
extent the positive effects of the home ex-
erciseprogrammesalsoreflect sideeffects
of manual examination. It is conceivable
that the manual examination might have
mobilising effects at timepoint T0 when
checking the inclusion criteria, because
even the active testing of movement
always contains movement-improving
components. Comparable considera-
tions were discussed by Haugen et al.
[13]. This study-limiting factor could
not be bypassed in the selected study
design. To avoid further undesirable side
effects of manual sham treatment, the
study design described above was cho-
sen. Nevertheless, the easy-to-mediate
specific home exercise programme could
complement the treatment concepts in
routine practice and should therefore
be investigated for its effectiveness in
further studies. Other study-limiting
factors are the short observation period
of 4–6 weeks, the number of patients
included and the evaluation of the re-
sults in the protocol procedure. The
short intervention period of 4–6 weeks
is a result of the recommended treatment
concept for children with postural asym-
metries [15]. A longer-lasting deviation
from the established therapeutic scheme,
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Table 3 Changes in the autonomic side effects
Autonomic side effects (seven options per child) Intervention group Control group

Number NumberSleeping, crying, drinking behaviour, mood, spit-
ting, excitability, bowelmovements Absolute

findings
Affected
children

Percentage due
towhole group
(%)

Absolute
finding

Affected
children

Percentage due
to whole group
(%)

T0= inconspicuous
T1=worse: ↓

7 n=5 3.3 9 n=7 4.0

T0= conspicuous
T1=worse: ↓

4 n=3 1.9 2 n=1 0.9

T0= conspicuous
T1= equal: =

35 n= 18 16.6 35 n= 16 15.6

T0= conspicuous
T1= better: ↑

38 n= 18 18.1 43 n= 22 19.2

Table 4 Parents’ assessment of the development of symmetry
Parents’ assess-
ment

Clear improve-
ment

Slight improve-
ment

No improve-
ment

Deterioration

IG (%) 47 43 10 0

CG (%) 25 53 22 0

Table 5 Parents’ assessment of the course ofmovement asymmetries
Parents’ as-
sessment

Matches score
result

Parents: improvement
Score: no improvement

Parents:no improvement
Score: improvement

IG (%) 93 0 7

CG (%) 69 12 19

particularly when combined with phys-
iotherapy on a neurophysiological basis
and corresponding home exercises, was
ethically unacceptable.

Due to the patient selection induced
by the per-protocol analysis, our study
results can only be interpreted as a first
indication of the efficiency of the pre-
sented treatment concept. Furthermore,
no clinical indications were found as to
which infants with which specific ab-
normalities benefit sufficiently from the
home exercise programme alone. As
a second outcome criterion, the compar-
ison of autonomic abnormalities in both
study groups was chosen. There were no
differences between the two groups. Due
to the small number of affected children,
the characteristics do not allow a gen-
erally valid statement. The majority of
parents of potential study children with
clear autonomic symptoms could not be
persuaded to participate in the study in
thepreliminarydiscussion. Theydecided
in favour of immediate manual medicine
treatment as part of their everyday prac-
tice. An openly stated reason for this
was that parents of autonomically con-
spicuouschildrenwantedtoavoidassign-
ment to the control group. Therefore, ev-

idence-based studies on the treatment of
autonomic abnormalities require a sep-
arate study design or a larger study pop-
ulation.

The differences in the tertiary out-
come parameter, the parental assessment
of postural activity of infants at time-
point T1, can be explained by the less
obvious changes in postural activity in
infants of CG. Most of the parents there-
fore assessed their child’s posture and
movement pattern realistically.

An age of at least 14 weeks was cho-
sen as the intervention period for the
study children, to wait for the intended
movement control to develop at this age.
Consideration of this dynamic is part of
developmental diagnostics in paediatric
practice [12, 22]. Before completion of
the thirdmonthofdevelopment, co-ther-
apeutic measures such as parental han-
dling instructions and tummy-time are
themain focus for infants with positional
preference [38].

The recruitment of participants into
this study was calculated to take approx-
imately 1 year. In the end, the period had
to be extended to 42 months. This can
be explained by the blinded study design.

Many parents refused not being present
during the treatment of the children.

Harm was not observed or reported
by the parents. According to the study
protocol, parents were informed about
possible adverse effects before inclusion
in the study. Koch et al. describe auto-
nomic symptoms such as a short-term
change in breathing pattern, short-term
flushing, short-term hyperextension and
short-term perspiration immediately af-
ter manual medicine treatment as phys-
iological [17]. Following Saedt at al.,
these are classified as startle responses
[35]. Corresponding reactions were not
observed by the practitioner. In addi-
tion, autonomic symptoms can be ag-
gravated in infants. These usually last
less than 24h. In their sham-controlled
RCT, Philippi et al. reported on short-
term intensification of symptoms in six
children of the control group and in four
children of the group with osteopathic
therapy [27].

It is possible that such symptoms were
not assigned here at the follow-up after
4–6weeks. When recording the course of
autonomic symptoms, deterioration was
reported in five infants of IG and seven
infants of CG. It is unclear whether these
are assigned to one form of treatment.

The treatment scheme presented here
is based on the kinematic imbalance due
to suboccipital strain (KISS) concept and
postulates etiopathogenetic correlations
between reversible segmental dysfunc-
tions of the spinal column, in particu-
lar of the upper spinal pole, with pos-
ture and movement asymmetries, posi-
tional preference and autonomic func-
tions complaints in infancy [2, 3, 13,
31, 35]. The neurophysiological basis of
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this proprioceptive musculoskeletal co-
ordination disorder has been described
several times [2, 31, 32]. All included in-
fants showed reversible dysfunctions of
theuppercervicalregion. Otherdysfunc-
tions of the musculoskeletal system were
variably combined. The present study re-
sults support the etiopathogenetic con-
cept as well as the less complex interven-
tion model derived from it.

The effectiveness of manual medicine
intervention techniques or physiother-
apy has been verified in various stud-
ies. These differ methodically from the
present treatment concept in terms of
the duration of the intervention period
and/or the age of the target group.

Thus investigated Philippi et al. in
an RCT the therapeutic effect of os-
teopathic treatments (n= 32) in infants
with postural asymmetries at the age of
6–12 weeks and achieved comparable
results [27]. Four treatment sessions
were performed at weekly intervals.
A study published in 2017 (n= 37) ex-
amined the effects of early intervention
with physiotherapeutic techniques in
infants aged 6–8 weeks [14]. Children
with postural and movement asymme-
tries were trained daily over a period
of 8 weeks either with Vojta therapy
or with neurodevelopmental treatment.
Both treatment approaches significantly
improved postural asymmetries, but the
Vojta group benefited more.

Another working group compared
the results of combined osteopathic and
physiotherapy on a neurophysiological
basis by Vojta with a physiotherapeutic
intervention using Vojta therapy alone
in 48 children aged 6–8 weeks [26].
During the 12-week study phase, no
significant differences were found in the
study groups. Nevertheless, postural
asymmetry improved in both groups.

Moreover, a pilot RCT investigated
the treatment effects of manual therapy
in infants aged 3–6months with torticol-
lis and cervical mobility limitations [13].
They compared the outcome of a physio-
therapeutic treatment alone with an ad-
ditional manual therapy (n= 32). At the
end of the 8-week intervention period
there were no significant differences in
the outcome of the groups.

All concepts are based on promoting
physical activity in early infancy. The
treatment schemepresented in this study,
with gentle manual medicine interven-
tion and an easy-to-mediate daily home
exercise programme, complements the
treatment spectrum in daily paediatric
practice beyond the third month of de-
velopment. RCTswith largerstudypopu-
lations and an intention-to-treat analysis
are necessary to further verify the treat-
ment effects of manual therapy in chil-
dren with postural andmovement asym-
metries and to investigate the course of
autonomic symptoms.

Conclusion

The results support the short-term ef-
fectiveness of a single manual medicine
treatment in infants with postural and
movement asymmetries and postural
preference at the age of 14–24 weeks.
In addition, there were indications of
positive therapeutic effects from a home
exercise programme. Further studies of
larger sizes are required to prove this
effect.
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Appendix

Appendix A—4-item symmetry
score

The four-item symmetry score consists
of four different diagnostic tests which
are recorded on video. This is necessary
to use a digital goniometer on the screen.

Moreover, the four-item symmetry
score was developed as difference score,
whichmeans that not the absolute values
for each side are noted, but rather the
difference between the two sides.

The score video sequences were re-
peated three times for each item and the
test run with the highest mobility was
evaluated.

Items 1 and 2
Points system for active head rotation
in supine position and modified frontal
righting reflex reaction:
4 0–5°= 1 point
4 6–10°= 2 points
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4 11–15°= 3 points
4 16–20°= 4 points
4 >20°= 5 points

Example. Active head rotation in supine
position to the right= 70° and to the
left= 53°, resulting in difference= 17°
which means 4 points

Item 3
Points system for uprighting in prone
position:

Based on amaximumhead lift of 110°,
the difference to the actual head lift was
calculated.
4 0–15°= 1 point
4 16–30°= 2 points
4 31–45°= 3 points
4 45–60°= 4 points
4 >60°= 5 points

Example. Uprighting in prone position
73°: 110°– 73°= 37° difference= 3 points

Item 4
Points system for difference of muscle
tone of the hip:

Difference:
4 yes= 2 points
4 no= 1 point

Calculation of the 4-item
symmetry score
According to the evaluation of the in-
dividual items, the result is a symme-
try score with a minimum of 4 points
(very symmetrical) and a maximum of
17 points (very asymmetrical).

Interpretation of the 4-item
symmetry score
4 symmetric= 4–6 points→ not in need

of treatment
4 slightly asymmetric= 7–9 points→

perhaps in need of treatment
4 asymmetric= 10–14 points→ in need

of treatment
4 very asymmetric= 15–17 points→ in

need of treatment

Appendix B: intervention group

Manual medical treatment
4 Spinal manual therapy techniques

(SMT)
4 Manual therapy of the extremities

(MTE)

SMTfocusesonthebiomechanicalaspect
of spinal dysfunction by eliciting neu-
rological, physiological and/or muscular
changes and reconfiguration of propri-
oceptive functions. All treatment tech-
niques are applied at the moment of op-
timal muscular relaxation.
4 Mobilisation: after segmental/

regional adjustment of the re-
versible hypomobile dysfunction,
either a sustained hold or repetitive
(oscillating) mobilisation—suitable
for infants—of the joint space with
low velocity and low amplitude is
performed.

4 Manipulation: alternatively or in
addition, an infant-friendly manipu-
lation technique with low force, short
distance and high speed (HVLA)
is used. Manipulations are carried
out exclusively in a neutral position
without locking and with minimal
tension.

Diagnostics
Topical and functional diagnosis by
means of palpation are performed with
manual articular/segmental movement
testing, taking into account segmental/
regional irritation zones with analysis
of the free and functionally disturbed
motion direction.

Therapy
1. Upper cervical region:
4 Initial traction:

jChild is lying in supine position or
sitting in a reclined position.

jTraction relaxation of the cervical
structures by means of a gentle
axial–cranial traction via the lateral
part of occipital bone (or via the
occipitomastoid connecting line).

4 Functional disorder—inclination/
reclination:
jMobilisation: child is lying in
supine position; inclination mobil-

isation of the occiput compared to
atlas/axis

jManipulation: child is sitting in a
reclined position; sagittal impulse
over posterior arch under gentle
traction

4 Functional disorder—rotation/lateral
flexion:
jMobilisation: child is lying in
supine position; lateral tilt mobili-
sation occiput against atlas/axis in
the frontal plane

jManipulation: child is lying in
supine position; lateral manipula-
tion impulse on the region dorsal of
the transverse process of the atlas
under consideration of possible
relational asymmetries (usually on
the side of the functional disorder
or cervical convexity)

2. Cervicothoracic junction:
4 Traction–lateroflexion–mobilisation

while child is seated
4 First rib in a sitting posi-

tion—mobilisation/manipulation in
a held ipsilateral inclination of the
lower cervical spine

3. Thoracic spine:
4 Mobilisation/manipulation of the

neutrally positioned, upright sitting
infant from dorsally via the adjacent
costotransverse joints

4. Sacroiliac joint:
4 Manipulation treatment via the

sacrum dorsally, medially of the
connecting line of the the poste-
rior sperior/inferior iliac spine and
inferior in the infant positioned in
ventral suspension while maintaining
neutrality and kyphosis of the spine

5. MTE: The most frequent peripheral
articular dysfunctions in the patient pop-
ulation concerned the upper ankle joints:
4 Manipulation
4 Child lying in supine position
4 Ventral impulse of the talus towards

tibia/fibula
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Appendix C: control group—home
exercise programme

Theexercise programme consists of three
exercises which should be repeated three
times a day, five times on each side.
1. Maximum head rotation in supine

position
2. Frontal labyrinth position reaction in

the held riding seat
3. Maximum head lift and rotation in

prone position

Thehome exercise programme canbe ac-
cessed at https://vimeo.com/325375018
and is available free of charge to all ther-
apists for training parents.
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