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Abstract

Background. Asymmetry in infancy is a diagnosis with a large spectrum of features, expressing an abnormal shape of parts of
the body or unequal postures and movements, which might be structural and/or functional, with localized or generalized
expression.

Purpose: The purpose of the present study is to highlight different therapeutic aspects of the most occurring asymmetries
in infancy: congenital muscular torticollis, positional torticollis and plagiocephaly, based on best evidence in current
literature.

Results: A flow chart is presented showing different pathways in therapeutic strategies, such as physical therapy, orthotic
devices (helmet treatment and Dynamic Orthotic Cranioplasty) and surgery.

Conclusion: It is concluded that there are different views towards management on torticollis and plagiocephaly. A systematic
therapeutic management to evaluate these asymmetries is indicated. The presented therapeutic flow chart might serve as a
basis in order to achieve uniformity in therapeutic thinking and performance.

Keywords: Asymmerry in infancy, conservative treatment, helmet therapy, physical therapy, plagiocephaly, torticollis
Abbreviations: CMT: Congenital muscular torticollis, DP: Deformational plagiocephaly, PT: Positional torticollis, SCM:
Sternocleidomastoid muscle

La asimetria en la infancia es diagndstica con un amplio espectro de caracteristicas, expresando una forma anormal de partes
del cuerpo o posturas y movimientos desiguales, las cuales podrian ser estructurales y/o funcionales, con una expresion
localizada o generalizada. El proposito del presente estudio es remarcar los diferentes aspectos terapéuticos de las asimetrias
mas frecuentes en la infancia: torticolis muscular congénita, torticolis de posicidon y plagiocefalia, basado en la mejor
evidencia de la literatura actual. Presentamos un flujo grama mostrando las diferentes vias de estrategia terapéutica, tales
como la terapia fisica, los aparatos Ortesicos (tratamiento con casco y Craneoplastia Ortésica dinamica) y cirugia.
Conclusion: Concluimos que hay distintos puntos de vista en cuanto al manejo de la torticolis y la plagiocefalia. Esta indicado
un manejo terapéutico sistematico para evaluar estas asimetrias. El flujo grama terapéutico presentado podria servir como
base para lograr uniformidad en el pensamiento y la aplicacion de la terapia.

Introduction

Asymmetry in infancy is a descriptive diagnosis
with a large spectrum of features, i.e. structural
and/or functional, generalized or localized, regarding
abnormal shape of parts of the body or unequal
postures and movements, with a multi-factorial
aetiologic expression [1-7]. The appearance of
asymmetry in spontaneous posture and movements

of the infant and an increase of the incidence of
plagiocephaly without synostosis [2,4,5,8—-11] is
associated with the changed guidelines to prevent
Sudden Infant Death (SID) [1,6,11-20].

The purpose of the present study is to highlight the
different therapeutic regimes regarding congenital
muscular torticollis, positional torticollis and
plagiocephaly. The search strategy was focused
on current peer-reviewed literature in Medline,
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PubMed, CINAHL and Cochrane, with the keywords:
asymmetry, infancy, torticollis, plagiocephaly, inter-
vention, therapy and treatment. Related publications
were also searched for in the references of all
publications. No randomized controlled trials or
systematic reviews were found. Non-controlled
studies have different views concerning the zrearment
of asymmetry in infancy [20,21]. A review article
concerning the diagnostic strategies for the evalua-
tion of asymmetry in infancy has recently been
published [6].

Asymmetrical features

Most occurring are generalized asymmetry in
posture and movements [2,22-27] and localized
asymmetries as congenital muscular torticollis, posi-
tional torticollis and plagiocephaly [6,22,28]. These
disorders are causally heterogeneous symptoms of
similar nosologic entities [6].

Torticollis, defined as localized asymmetry in
infancy, with preferential posture of the head and
asymmetric cervical movements, might be present at
birth [22,29] or may develop in the first months of
life as a result of an imbalance in the muscular
function in the cervical region [30]. Secondary
abnormalities of skull and muscles in the cervical
region are associated.

Congenital muscular torticollis (CMT) is the type
of torticollis with a unilateral contracture of the
sternocleidomastoid muscle (SCM), often based on
a pseudotumour of infancy [30-34]. Positional
torticollis (PT) will develop in case of a persistent
positional preference of the head, without evidence
of morphologic changes in the SCM and may be
induced by a deformational plagiocephaly at birth or/
and a one-sided positioning after birth, during the
first 1-5 months of life [29].

Deformational plagiocephaly (DP) [31,35,36] has
been attributed to the sleeping position, congenital
muscular torticollis or positional torticollis, neurolo-
gical or cervical defects and premature birth [11,30,
37-39] (Figure 1). The asymmetry of the head may
be initiated pre-natally [29] and be exacerbated post-
natally, when the child is laid in a supine position
[21,40]. This type of plagiocephaly often firmly
increases during the first weeks of life
[30,36,41,42]. DP should be differentiated from
craniosynostosis, which is the result of asymmetric
premature closure of cranial sutures [43,44], appar-
ently caused by inborn errors [45].

Localized defects may combine more or less
generalized clusters of manifestations. Several
synonyms referring to a generalized functional
asymmetry point to abnormal position and shape of
the head and face, scoliosis, rib cage molding, pelvic
obliquity, as well as hip and foot asymmetry. The
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Figure 1. Deformational
Rotterdam).

(Erasmus MC

plagiocephaly

appearance of morphologic asymmetries is only a
matter of time; any longstanding functional asym-
metry will eventually result in a deformity [6].

Conservative strategies

Conservative strategies to intervene in positional
torticollis, congenital muscular torticollis and
deformational plagiocephaly are primarily physical
therapy and helmet treatment [5,42,46,47] or
Dynamic Orthotic Cranioplasty (DOC)
[30,36,38,48-52]. No randomized clinical trials
could be found in the literature. In general, however,
conservative treatment seems to be beneficial when
applied between ~2-8 months old infants [53].

Preventive counselling of parents on positioning,
handling and nursing of the infant is important to
minimize the risk of positional preference and to
correct DP [1,10,19,54,55]. The content of
the guidelines does not contradict with the recom-
mendations on SID [1,54].

Whereas neonatal occipital flattening of the skull is
a precursor to DP, Peitsch et al. [29] suggested an
adjustment of the AAP recommendations to let
children sleep in alternating head positions and
sleeping in side-laying position. In order to stimulate
the quantitative and qualitative motor development,
it is recommended to place infants, when awake and
under supervision, regularly in the prone position
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(‘tummy time’), likely more than 5 minutes a day
[4,8,10,16,19,54,56].

Physical therapy

No randomized controlled trials concerning physical
therapy intervention and asymmetry in infancy could
be found. However, there is agreement regarding the
goals of treatment. Knowledge of the natural course
of the asymmetry and differential diagnostics is
essential when decisions about intervention have to
be made [6].

Handling, positioning and movement therapy
focus on active and passive symmetry in posture
and movements. The first few months of life, a
physiological asymmetry of the trunk is common, but
has to disappear spontaneously before the first
birthday [57]. Treatment of generalized asymmetry,
without clear pathological signs or/and not combined
with a localized problem, is not necessary before the
age of 4 months, because of a physiological
asymmetry possibly caused by neurological matura-
tion [57]. Only handling and positional advices, to
stimulate more symmetry in position and move-
ments, are instructed to the parents [1,10,55].
Follow-up may be mandatory.

In the case of torticollis, range of motion in the
cervical region has to be normalized, an eventually
occurring SCM imbalance should be treated and
the spontaneous positional and movement prefer-
ences should be minimized [19,30,58]. This will lead
to symmetric motor performance and alignment,
without structural impairments in range of motion or
muscle function. The first 4-6 months of life
intervention is expected to be most effective
[21,30,41,53,58,59]. In case of the existence of a
pseudotumour, a palpable mass centrally in the SCM
related to CMT, physical therapy is indicated, even
before 2 months of age, because of the negative
influence on motor development. An increase of
asymmetry may develop, due to fibrosis of the SCM,
eventually resulting in structural asymmetry with
deformational plagiocephaly.

Lying on the not flattened side of the occipital
skull initiates natural remodelling of the skull [19].
The aim of physical therapy is to advise the parents
about specific handling and positioning, but also to
design a home treatment programme [19]. In recent
publications, fair-to-excellent results of physical
therapy interventions are reported; however, the
studies were not randomized nor controlled and
had small sample sizes [33,59-61].

There are several ways to increase range of motion.
Passive stretching is mentioned, but the method is
rarely explicated or explained [7,59]. Demirbilek and
Atayurt [60] recommended passive and active

stretching of the SCM on the affected side in
CMT, using firm pressure in both techniques.
When therapy started before 3 months of age, the
outcome was excellent. If therapy started within 3—6
months of age and within 6-18 months of age, 25%
and 71%, respectively, had a fibrous contracture of
the SCM muscle requiring myotomy. In a retro-
spective review of 277 patients with CMT, Binder
et al. [41] described treatment strategy, divided in
advices of positioning, handling and stretching under
3 months of age. The exercises focused on neck and
trunk range of motion, equal weight bearing of the
trunk and mid-line activities of the upper extremities,
when older than 3 months of age. Several prospec-
tive, but non-controlled studies, by Cheng et al.
[33,62,63] reported the good overall results of gentle
manual stretching.

Taylor and Norton [59] advocated a programme
to increase active range of motion and positioning to
improve passive range of motion avoiding pain and
resistance, with good-to-excellent outcomes in 96%
of the children. The choice for this programme was
based on the negative experiences with passive
stretching.

Treatment should be focused on symmetric motor
development and incremental active range of motion
of the cervical spine. Passive manipulations or/and
manual stretching in order to increase range of
motion are obsolete, especially when pain is pro-
voked, because it may cause micro-traumata in the
soft tissues, eventually leading towards more fibrosis
and consequent decrease in range of motion.
Therefore, longstanding stretching with a low
intensity without provoking pain is indicated to
influence collagen structures and thereby range of
motion [64,65].

Physical therapy contains extensive specific han-
dling, positional advices and intensive correcting
exercises regarding range of motion and movements
towards symmetry, whereas passive manipulations,
which provoke discomfort of the child, should be
avoided.

Orthotic device; helmet treatment and
dynamic orthotic cranioplasty

The natural history of the misshaped neonatal head
is unknown, but in observing the heads of the adult
population, it is obvious one could deduce a natural
remodelling process [66]. DP may be treated with an
orthotic device or the natural correcting growth may
be expected [5,40,42,47,53].

The effort of an orthotic device is to wuse
the remaining skull growth to redirect head shape,
by allowing enough space in the helmet at
the flattened areas. A molding helmet (Figure 2) is
worn 15-22 hours per day and, after improvement
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Figure 2. Remodeling helmet (Erasmus MC Rotterdam).

following 3—-4 months of therapy, it is worn only at
night [36]. Helmet treatment is generally recom-
mended between 6-18 months of age [44]. Some
authors mentioned the use of Dynamic Orthotic
Cranioplasty (DOC) [30,36,38,48-52], by applica-
tion of a dynamic band, which mildly pressures to the
apexes of the frontal and occipital prominences,
while creating voids over the adjacent areas so that
growth of the normal areas is held constant. This
treatment starts at 3—-4 months of age [38]. The
reason to indicate helmet treatment or DOC seems
to be subjective, because the measuring methods are
different and not always clearly described. No strict
indications for this treatment are found. A uniform,
easy applicable, valid and reliable measuring-
instrument does not exist [6].

Two studies compared the influence of molding
helmet and no-helmet periods on plagiocephaly
[5,36]. However, the differences in rate of asymme-
try of the skull between the two groups were very
small [36]. Vles et al. [5] studied the effect of
treatment of helmet vs. non-helmet in 105 infants
with DP. The helmet treated group improved
significantly better and faster, but were analysed
only by a subjective cosmetic outcome score.
Loveday and Chalain [42] compared orthotic hel-
mets and active counterpositioning. Nevertheless,
the intervention periods of both were very different,
probably based on a lack of clear indicators. So,
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conclusions are not possible. Other studies were not
randomized nor controlled [38,52,66].

Surgery

Surgical treatment of a remaining less contractile
SCM is generally indicated at the age of 12 months
or later. If, in spite of physical therapy, there is a
progressive decrease in contractility or range of
motion of the SCM, differential diagnostics and
surgical intervention may be considered at an
earlier stage. Surgical procedures vary from simple
open myotomy to radical resections of the SCM.
Intensive post-operative physical therapy including
scar treatment and procedures to remain full range
of motion of the neck and to regain muscle length
are routine for a period up to 4 months. At 2 years
of age or older, surgical treatment is followed by an
adjustable torticollis brace, to be worn for 3 months
[32]. In rare cases, children may present with severe
residual DP, which requires craniofacial surgery
[19,67]. Craniosynostosis may be diagnosed by
subsequently 3D-CT scanning and always requires
craniofacial plastic surgery [45].

Flow chart therapeutic strategies

Based on the best available evidence in the current
literature, different pathways in therapy of torticollis
and plagiocephaly are presented in a flow chart. The
algorithm (Figure 3) indicates the direction towards
interventions and secondary differential diagnostics.
The general view today is that postural and
congenital muscular torticollis does need conserva-
tive intervention. The indication is related to age and
range of motion.

In the first month, parents should be explained
to, to prevent deformities and decrease in range
of motion [19]. Evaluation of the asymmetry should
be planned. If positional symmetry is reached at
the age of ~3 months of age, intervention can be
stopped. Asymmetry in position and movements with
decreased range of motion indicates physical therapy
[19]. If the child, at the age of 6 months, will not
reach a full symmetric motor development and range
of motion, differential diagnostics and continuing
physical therapy is the best choice in intervention
[33,59-61].

Persisting severe deformation of the skull at the
age of 5-6 months requires specific attention; differ-
ential diagnostics which indicate orthotic device or
follow-up. However, in the vast majority of cases a
differential diagnosis is possible by means of clinical
examination at an earlier follow-up (3—4 months of
age). Radiological examination will help to identify
the pathology. A delayed diagnosis could lead to a
worsening of the prognosis. At 12 months of age,
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Figure 3. Flow chart: therapeutic strategies in torticollis and plagiocephaly in infancy.

there is a final follow-up. When an obvious asym-
metry in position and/or movements persists, possi-
bly with any dysmorphism, diagnostics concerning
possible vertebral column anomalies are indicated.
Mainly cosmetic considerations will determine the
outcome whether skull growth is acceptable or not.

Conclusions

Since no randomized clinical trials have been
reported concerning therapeutic strategies and non-
controlled studies have different views towards
management on congenital muscular and positional
torticollis and plagiocephaly, there is not only a great
need for randomized controlled trials but also for a

structured approach of this problem. A flow chart
was designed based on best available evidence in the
literature regarding the therapeutic strategies in
order to achieve uniformity in therapeutic thinking
and performance.

Acknowledgements

The authors thank Marja AGC Schoenmakers, PCS,
PT, PhD and Sonja Raaff of the Department of
Pediatric Physical Therapy and Exercise Physiology,
Wilhelmina Children’s Hospital/University Medical
Center Utrecht, The Netherlands, for their
contribution in the development of the diagnostic


Elizabeth Weiss



flow chart and also Professor Yolanda van der
Graaf, MD, PhD for her insightful comments and
helpful suggestions in preparing this article.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Hamanishi

Boere-Boonekamp MM, Linder-Kuiper AT.
Positional preference: prevalence in infants and follow-
up after two years. Pediatrics 2001;107:339-343.

C, Tanaka S. Turned head-adducted hip-
truncal curvature syndrome. Disability in Childhood 1994;
70:515-519.

van der

. Tunnessen W. Asymmetry. In: JS Freeman, S Robinson,

MI Fraser, editors. Signs and symptoms in pediatrics.
Philadelphia, PA: JB Lippincott; 1988. p 509.

. Visscher F, van der Graaf T, Spaans M, van Lingen RA,

Fetter WPF. Prone position favorable for motor development
of infants. Nederlands Tijdschrift
1998;142: 2201-2205.

voor Geneeskunde

. Vles ], van Zutphen S, Hasaart T, Dassen W, Lodder J.

Supine and prone head orientation preference in term infants.
Brain Development 1991;13:87-90.

. van Vlimmeren LA, Helders PJM, van Adrichem LNA,

Engelbert RHH. Diagnostic strategies for the evaluation of
asymmetry in infancy; a review. European Journal of
Pediatrics 2004;163:185-191.

. Wei JL, Swartz KM, Weaver AL. Pseudotumor of infancy

and congenital muscular torticollis: 170 cases. Laryngoscope
2001;111:688-695.

. Davis BE, Moon RY, Sachs HC, Ottolini MC. Effects of

sleep position on infant motor development. Pediatrics

19985102:1135-1140.

. Dewey C, Fleming P, Golding J, and the ALSPAC Study

Team. Does the supine sleeping position have any adverse
effects on the child? II. Development in the first 18 months.
Pediatrics 1998;101:98.

Hunt CE, Puczynski MS. Does supine sleeping cause
asymmetric heads? Pediatrics 1996;97:127-129.

Kane AA, Mitchell LE, Craven KP, Marsh JL.. Observations
on a recent increase in plagiocephaly without synostosis.
Pediatrics 1996;97:877-885.

American Academy of Pediatrics. Task force on positioning
and SIDS. Pediatrics 1992;89:1120-1126.

Dweyer T, Ponsonby A-L, Newman NM, Gibbons LE.
Prospective cohort study of prone sleeping position and
sudden infant death syndrome. The 1991;837:
1244-1247.

Fleming PJ, Gilbert R, Azaz Y. Interaction between bedding
and sleeping position in the sudden infant death syndrome; a
population based case-control study. British Medical Journal
1990;301:85-809.

de Jonge GA, Engelberts AC, Koomen-Liefting AJM,
Kostense PJ. Cot death and prone sleeping position in the
Netherlands. British Medical Journal 1989;298:722.
Kattwinkel J, Brooks J, Keenan M]J], Malloy M. American
academy of pediatrics; positioning and sudden infant death
syndrome (SIDS): update. Pediatrics 1996;98: 1216-1218.
Kattwinkel J, Brooks J, Keenan M]J, Malloy M. Changing
concepts of sudden infant death syndrome: implications for
the sleeping environment and sleep position. Pediatrics
2000;105:650-656.

Mitchell EA, Engelberts AC. Sleeping position and cot
deaths. The Lancet 1991;338:192.

Persing JA. Prevention and management of positional skull
deformities in infants. Pediatrics 2003;112:199-202.

Lancet

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Torticollis and plagiocephaly in infancy 45

Rekate HL. Occipital plagiocephaly: a critical review of the
literature. Journal of Neurosurgery 1998;89:24-30.

Bridges SJ, Chambers TL, Pople IK. Plagiocephaly and head
binding. Archives of Diseases in Childhood 2002;86: 144—-145.
Behrman RE, Kliegman RM, Jenson HB. Scoliosis, cranio-
synostosis, torticollis. In: RE Behrman, RM Kliegman,
HB Jenson, editors. Nelson textbook of pediatrics. 16th ed.
Philadelphia, PA: W.B. Saunders Company; 2000. pp 1812—
1813, 2082-2086, 2089—-2091.

Fulford GE, Brown JK. Position as a cause of deformity
in children with cerebral palsy. Developmental Medicine and
Child Neurology 1976;18:305-314.

Lloyds-Roberts GC, Pilcher MF. Structural idiopathic sco-
liosis in infancy: a study of the natural history of 100 patients.
Journal of Bone and Joint Surgery 1965;47B:520-523.

Mau H, Gabe I. Die sogenannte Satglingsskoliose und
ihre krankengymnastische Behandlung. Stuttgart/New York:
Georg Thieme Verlag; 1988.

Palmén K. Prevention of congenital dislocation of the hip.
The Swedish experience of neonatal treatment of hip joint
instability. Acta Orthopaedica Scandinavica Supplementum
1984;55(suppl 208):58-67.

Wynne-Davies R. Infantile idiopathic scoliosis: causative
factors, particularly in the first six months of life. Joint and
Bone Joint Surgery 1975;57:138-141.

Boere-Boonekamp MM, van der Linden-Kuiper AT,
van Es P. Preferential posture in infants; a serious call on
health care. Nederlands Tijdschrift voor Geneeskunde
1997;141:769-772.

Peitsch WK, Keefer CH, Labrie RA, Mulliken JB. Incidence
of cranial asymmetry in healthy newborns. Pediatrics
2002;10:e72.

Golden KA, Beals SP, Littlefield TR, Pomatto JK.
Sternomastoid imbalance versus congenital muscular torti-
collis: their relationship to positional plagiocephaly. Cleft
Palate Craniofacial Journal 1999;36:256-261.

Bredenkamp JK, Hoover LA, Berke GS, Shaw A. Congenital
muscular torticollis. Archives of Otolaryngolical Head and
Neck Surgery 1990;16:212-216.

Cheng JCY, Tang SP. Outcome of surgical treatment of
congenital muscular torticollis. Clinical Orthopedics
1999;362:190-200.

Cheng JCY, Tang SP, Chen TMK. Sternocleidomastoid
pseudotumor and congenital muscular torticollis in infants: a
prospective study of 510 cases. Journal of Pediatrics
1999;134:712-716.

Tang S, Liu Z, Quan X, Qin J, Zhang D. Sternocleidomastoid
pseudotumor of infants and congenital muscular torticollis:
fine-structure research. Journal of Pediatric Orthopedics
1998;18:214-218.

Littlefield TR, Kelly KM, Pomatto JK, Beals SP. Multiple-
birth infants at higher risk for development of deformational
plagiocephaly: II. Is one twin at greater risk? Pediatrics
2002;109:19-25.

Mulliken ]JB, van der Woude DL, Hansen M, LaBrie RA,
Scott RM. Analysis of posterior plagiocephaly: deformational
versus synostotic. Plastic Reconstructive Surgery 1999;103:
371-380.

Argenta LC, David LR, Wilson JA, Bell WO. An increase in
infant cranial deformity with supine sleeping position. Journal
of Craniofacial Surgery 1996;7:5-11.

Littlefield TR, Beals SP, Manwaring KH, Pomatto JK,
Joganic EF, Golden KA, Ripley CE. Treatment of craniofacial
asymmetry with dynamic orthotic cranioplasty. Journal of
Craniofacial Surgery 1998;9:11-17.

Turk AE, McCarthy JG, Thorne CH, Wisoff JH. The ‘back
to sleep campaign’ and deformational plagiocephaly: is there



46

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

L. A. van Vlimmeren et al.

cause for concern? Journal of Craniofacial Surgery 1996;7:
12-18.

Bruneteau R], Mulliken JB. Frontal plagiocephaly: synostotic,
compensational or deformational. Plastic Reconstructive
Surgery 1992;89:21-33.

Binder H, Eng GD, Gaiser JF, Koch B. Congenital muscular
torticollis; results of conservative management with long-term
follow-up in 85 cases. Archives of Physical Medicine and
Rehabilitation 1987;68: 222-225.

Loveday BPT, de Chalain TB. Active counterpositioning or
orthotic device to treat positional plagiocephaly? Journal of
Craniofacial Surgery 2001;12:308-313.

Fenichel GM. Disorders of cranial volume and shape. In: GM
Fenichel, editor. Clinical pediatric neurology. Philadelphia,
PA: WB Saunders Company; 1993. pp 375-378.

Miller RI, Clarren SK. Long-term developmental outcomes
in patients with deformational plagiocephaly. Pediatrics
2000;105:E26.

Mathijssen IM]. Craniosynostosis: clinical and fundamental
aspects. Thesis Erasmus University Rotterdam. Rotterdam:
Wyt Document Services; 2000.

Clarren SK. Plagiocephaly and torticollis: etiology, natural
history and helmet treatment. Journal of Pediatrics
1981;98:92-95.

Pollack IF, Losken HW, Fasick
management of  posterior
1997;99:180-185.

Aliberti F, Pittore L, Ruggiero C, Cinalli G, Maggi G. The
treatment of the positional plagiocephaly with a new
thermoplastic orthotic device. Child’s Nervous System
2002;18:337-339.

Kelly KM, Littlefield TR, Pomatto JK, Manwaring KH,
Beals SP. Cranial growth unrestricted during treatment of
deformational  plagiocephaly.  Pediatric =~ Neurosurgery
1999;30: 193-199.

O’Broin ES, Allcut D, Earley MJ. Posterior plagiocephaly:
proactive conservative management. British Journal of Plastic
Surgery 1999;52:18-23.

Ripley CE, Pomatto J, Beals SP, Joganic EF, Manwaring KH,
Moss SD. Treatment of positional plagiocephaly with
dynamic orthotic cranioplasty. Journal of Craniofacial
Surgery 1994;5:150-159.

Teichgraeber JF, Ault JK, Baumgartner ], Waller A,
Messersmith M, Gateno J, Bravenec B, Xia J.
Deformational posterior plagiocephaly: diagnosis and treat-
ment. Cleft Palate Craniofacial Journal 2002;39:582-586.
Carson BS, Munoz D, Gross G, Vanderkolk CA, James CS,
Gates J, North M, McKnight M, Guarnieri M. An assistive
device for the treatment of positional plagiocephaly. Journal of
Craniofacial Surgery 2000;11:177-183.

P. Diagnosis and
plagiocephaly.  Pediatrics

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Hutchison BL, Thompson JMD, Mitchell EA. Determinants
of nonsynostotic plagiocephaly: a case-control study.
Pediatrics 2003;112:e316.

Najarian SP. Infant cranial molding deformation and sleep
position: implications for primary care. Journal of Pediatric
Health Care 1999;13:173-177.

Jantz JW, Blosser CD, Fruechting LA. A motor milestone
change noted with a change in sleep position. Archives of
Pediatric and Adolescent Medicine 1997;151: 565-568.
Hadders M, Klip-Van den Nieuwendijk AW], Martijn A, van
Eykern LA. Assessment of general movements: towards a
better understanding of a sensitive method to evaluate brain
function in young infants. Developmental Medicine and Child
Neurology 1997;39:89-99.

Engelbert R, Schoenmakers M, van Vlimmeren L.
Kinderorthopedie. In: R Van Empelen, R Nijhuis-van der
Sanden, A Hartman, editors. Kinderfysiotherapie. Maarssen:
Elsevier Gezondheidszorg; 2000. pp 257-263.

Taylor JL, Norton ES. Developmental muscular torticollis:
outcomes in young children treated by physical therapy.
Pediatric Physical Therapy 1997;9:173—-178.

Demirbilek S, Atayurt HF. Congenital muscular torticollis
and sternomastoid tumor: results of nonoperative treatment.
Journal of Pediatric Surgery 1999;34:549-551.

Ho BC, Lee EH, Singh K. Epidemiology, presentation and
management of congenital muscular torticollis. Singapore
Medical Journal 1999;40:675-679.

Cheng JCY, Tang SP, Chen TMK, Wong MWN, Wong
EMC. The clinical presentation and outcome of treat-
ment of congenital muscular torticollis in infants—a study
of 1,086 cases. Journal of Pediatric Surgery 2000;35:
1091-1096.

Cheng JCY, Wong MW, Tang SP, Chen TM, Shum SL,
Wong EM. Clinical determinants of the outcome of
manual stretching in the treatment of congenital muscular
torticollis in infants. A prospective study of eight hundred
and twenty-one cases. Journal of Bone and Joint Surgery
2001;83-A: 679-687.

Flowers KR, Lastayo P. Effect of total end range time on
improving passive range of motion. Journal of Hand Therapy
1994,7:150-157.

Glasgow C, Wilton J, Tooth L. Optimal daily total end range
time for contracture: resolution in hand splinting. Journal of
Hand Therapy 2003;16: 207-218.

Moss SD. Nonsurgical, nonorthotic treatment of
occipital plagiocephaly: what is the natural history of the
misshapen neonatal head? Journal of Neurosurgery 1997;87:
667-670.

Hansen M, Mulliken JB. Frontal plagiocephaly. Journal of
Craniofacial Surgery 1994;21:543-553.



Copyright of Pediatric Rehabilitation is the property of Taylor & Francis Ltd. The
copyright in an individual article may be maintained by the author in certain cases.
Content may not be copied or emailed to multiple sites or posted to a listserv without
the copyright holder's express written permission. However, users may print,
download, or email articles for individual use.



