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In 1992, the American Academy of Pediatrics <MP) recommended supine sleeping to reduce the risk of sudden infant death syndrome. Although
the incidence of deformational plagiocephaly is unknown, the consensus is that it has increased since this recommenda- tion was made. To estimate
the current incidence of plagiocephaly, we examined 342 infants for signs of deformational plagiocephaly, including occipital flattening, ear
misalign- ment, frontal bossing, and facial asymmetry. Noticeable occipital flattening was docu- mented in 15.2% of the infants (95% confidence
interval, 11.6% to 19.5%); 1.46% had significant cranial deformities that also affected the skull base and face. Significant cranial asymmetry,
defined as occipital flattening with concomitant skull base involvement and facial asymmetry, was observed in almost 1 in 68 infants. Adding to a
growing body of evidence, our findings suggest significant increases in clinical deformational plagiocephaly since initiation of the AAP's "Back to
Sleep" campaign.
Semin Pediatr Neurol 11 :301-304 @ 2004 Elsevier Inc. All rights reserved.

D eformational plagiocephaly (from the Greek plagio = oblique, kephale = head) refers to a condition in which
an infant's head becomes deformed as the result of external forces applied to the malleable cranium. This deformity can occur prenatally or
postnatally. Prenatally, congenital defor- mities are associated with a restrictive intrauterine environ- ment, including a small maternal pelvis,
abnormal uterine structure, large or multiple fetuses, paucity or excess of am- niotic fluid, or increased abdominal or uterine muscle tone.I-IO
Postnatally, cranial deformation has been attributed to a supine sleeping position,1l-16 congenital muscular torti- collis,17-19 neurologic or
cervical deficits,20,21 premature binh,9,IO.21,22 and prolonged periods in car seats and infant carriers.16,23
The condition is characterized by right or left occipital flat- tening, with anterior advancement of the ipsilateral ear and fore- head. Although
recently a topic of frequent discussion, plagio- cephaly has been a documented clinical entity for many years.24-31 In 1921, Greig defined the
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tion of the skull in which one frontal region protrudes unduly forwards while the opposite occipital region projects unduly backwards."31 In 1961,
Walker described the condition as an "oblique skull."32 Vulliamy is credited as the first to use the tenn "parallelogram skull" to describe the
deformity?3
Although the historic prevalence of deformational plagio- cephaly cannot be known with certainty,34 it has been eStimated to occur in 5% to
48% of otherwise healthy newborns.28,29 In 1974, Dunn provided the most frequendy cited incidence, esti- mating that deformational
plagiocephaly and congenital muscu- lartorticollis occur in about 1 in 300 infants (0.33%)?5 In recent years, however, the incidence of
plagiocephaly has been increas- ing, primarily related to a switch from prone to supine sleeping in the United States. 1 1-14,16,36,37 Many
independent craniofacial centers have observed this increase, but the actual incidence of the condition is still unknown. The goal of the present
investi- gation was to estimate the current incidence of plagiocephaly.

Patients and Methods
Between January and December 1999, infants and their par- ents were enrolled in a study of deformational plagiocephaly. All infants were less
than 10 months old at the time of eval- uation and were seen with their parent during regular well- baby clinics at Pediatric Medical Associates in
Mesa, Arizona. Of the 346 infants meeting these criteria, the parents of 342 agreed to panicipate; only 4 parents declined. The study was
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fully explained to the parents, and informed consent was obtained before their evaluation.
Participating infants were evaluated for signs of deforma- tional plagiocephaly, including occipital flattening, ear mis- alignment, frontal bossing,
and facial asymmetry. To limit interobserver variability, all evaluations were conducted by a single physician (N .M.S.). Before the interview and
examina- tion, the parents completed a detailed questionnaire on their child's prenatal and postnatal history that included (1) de- mographic data
(age, race, sex), (2) perinatal data (gestational age, birth weight and length, plurality, mode of delivery, presentation at delivery, primiparity,
forceps, suction, epi- duraVspinal), (3) potential etiologic factors (special in utero conditions, sleeping orientation, neck involvement, congen- ital
or cervical anomalies, neurological deficits), and (4) the presence of plagiocephaly.
Similar demographic, perinatal, and maternal information was gathered for the state of Arizona from the Arizona De- partment of Health
Services,38 and a ¥ analysis was per- formed to determine how representative the sample was of the Arizona population. Differences were
considered signifi- cant if the probability level (ie, P value) was < 0.05.
Categorization of Plagiocephaly
A physical examination was perfonned on each infant to detennine the presence of plagiocephaly. The condition was ranked in severity from none
to severe. The general criteria used by the evaluating physician (NMS) were as follows:
.Mild: On clinical evaluation, some asymmetry or flatten- ing of the back of the head could be identified. An infant with mild plagiocephaly had
minimal or no discrepancy between the location of the ears and no involvement of the face (prominence of the forehead, facial asymmetry).
.Moderate: On clinical evaluation, asymmetry or flatten- ing of the occiput was immediately evident, and a dis- crepancy of half an inch or more
existed with respect to the locations of ears. An infant with moderate plagio- cephaly may have some minimal facial asymmetry or forehead
involvement.
.Severe: On clinical evaluation, the infant had a notable and significant flattening of the occiput, ear misalign- ment of an inch or more, protrusion
of the forehead on the affected side, and facial asymmetry.

Results
The sample consisted of 342 infants with a mean age of 3.4 months (standard deviation, 2-:2 months). Males were slightly overrepresented at
50.5%. Low binh weight «
2500 g) and very low binh weight « 1500g) were docu- mented in 6.4% and 0.6% of the infants, respectively. Pre- maturity « 37 weeks gestation)
was documented in 10.8% of the cases.
Mothers under age 19 years represented 1.2% of the pop- ulation; mothers over age 30 years, 44.2 %. The infant was the mother's first-born
children in 43.6% of cases and was deliv- ered by cesarean delivery in 23.4% of cases. Forceps and
Table 1 Summary of Classification of Infants With Deforma- tional Plagiocephaly
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290 (84.8) 45 (13.1)
2 (0.6)
4 (1.2)
1 (0.6)
0 (0)
suction were used in 2.6% and 4.4% of the deliveries, respec- tively. An epidural or spinal anesthetic was administered in 74.9% of cases. Plurality
included four sets of twins, repre- senting 2.3% of the study population.
Analysis of the cross-tabulated data showed no significant difference between the sample population and the Arizona population with respect to
race, gender, gestational age, birth weight, plurality, primiparity, and mode of delivery. How- ever, the sample population included significantly
fewer mothers under age 19 years (1.2% vs 12.1 %) (P < 0.001) and significantly more mothers over age 30 years (44.2% vs 32.6%) (P < 0.001).
In this study, the infants were reported to have slept in the following orientations: supine (34.2%), prone (5.3%), side(s) (51.8%), and a
combination of positions (8.7%). At the time of this study, the overall sleeping position was highly non- prone. However, only 34.2% slept
exclusively in the supine position. This low incidence suggests that an earlier recom- mendation from the American Academy of Pediatrics to sleep
infants only on their back, rather than on their back and/or sides, may not yet have been practiced in the general popu- lation at the time of this
study (1999).36.39-41
In total, 52 of the 342 infants (15.2%) had some cranial asymmetry, occipital flattening, or both on clinical evaluation (Table 1). Forty-five (13.1
%) were classified with mild asym- metry, whereas two (0.6%) were categorized with mild to moderate asymmetry. The parents were advised to
reposition these infants off the existing flattened region and were shown neck-stretching exercises to resolve any neck involvement. Five infants
(1.5%) had significant cranial asymmetry, de- fined as occipital flattening with concomitant skull base in- volvement and facial asymmetry. Four
infants were classified with moderate deformity (1.2%), and one infant was diag- nosed with a moderate to severe deformity (0.3%). The par- ents
of these infants were referred to a specialist for further evaluation or directly referred for orthotic management of their infant's plagiocephaly.

Discussion
After the American Academy of Pediatrics (AAP) published the recommendation to place infants on their back to reduce the risk of sudden infant
death syndrome (SillS) during sleep, craniofacial centers around the United States began to observe an increase in the number of infants with
positional plagiocephaly. By ! 996, several studies had documented the apparent cause-and-effect relationship between supine sleepIncidence of deformational plagiocephaly
ing and the development of plagiocephaly. 11-14 The condition became so prevalent that a special meeting of craniofacial and pediatric
neurosurgeons was convened in 1997 to draft a position statement on the management of this condition.42 The most recent statements from the
AAP Task Force on Infant Sleeping Position and SillS has now acknowledged occipital plagiocephaly as a complication of a nonprone sleeping
position. 16,43
To our knowledge, the present investigation is the first study to attempt to estimate the current incidence of defor- mational plagiocephaly in the
United States. Previous studies have based their estimates on increased numbers of patients reponing to craniofacial clinics.11.12,14 In contrast,
our find- ings derive from a prospective series of infants examined during routine pediatric visits. In a similar, recently pub- lished study from the
Netherlands, the investigators observed occipital flattening, "the most common sign of deformational plagiocephaly,n in almost 10% of their study
population.44 We observed occipital flattening in 15.2% of the infants eval- uated, and like the Dutch authors, we found the incidence to be far
greater than anticipated.
But is it appropriate to state that the current prevalence of deformational plagiocephaly is 10% to 15%? Many would argue that mild occipital
flattening does not warrant classifi- cation as plagiocephaly and that including these cases inap- propriately inflates the estimate. Consequently, we
chose to estimate the incidence by focusing only on infants whose occipital flattening was associated with some degree of con- comitant skull base
and facial asymmetry. We believe that this subset more accurately reflects infants seen in craniofa- cial clinics across the United States. Given that
restriction, the estimated pr~valence decreases to a somewhat more realistic value of 1 in 68 (1.5%). Some may argue that this inclusion criterion is
too liberal or too restrictive. However, the 95% confidence interval for this estimate ranges from a low of 1 in 158 infants to a high of 1 in 30
infants-a range well above the frequently cited incidence of 1 in 300. Thus, despite the restrictive definition, the current study adds to a growing
body of evidence supponing a marked increase in the inci- dence of plagiocephaly.
The suggestion that supine sleeping is associated with an increased risk of deformational plagiocephaly should not be interpreted as criticism of
this imponant recommendation. Since its inception, the AAP's "Back-to-Sleepn campaign has saved thousands of lives, and SillS-related deaths
have de- creased by >40% since 1992.16 Given this dramatic reduc- tion in SillS, it is important that these recommendations continue to be
followed. Therefore, pediatricians will likely continue to be confronted with a large number of infants with deformational plagiocephaly. As
primary care providers, pe- diatricians can playa key role in reducing the incidence of plagiocephaly through early intervention and in educating
parents about conservative preventive measures (eg, reposi- tioning, physical therapy, supervised tummy time).

file:///C|/DOCUME~1/timl/LOCALS~1/Temp/~LWF0001.htm (3 of 5) [6/17/2005 8:29:54 AM]

~LWF0001

References
1. Clarren SK, Smith DW: Congenital defonnities. Pediatr Clin Nonh Am 24:665-677,1977
303
2. Bruneteau R], Mulliken]B: Frontal plagiocephaly: Synostotic, compen- sational, or defonnational. Plast Reconstr Surg 89:21-31, 1992
3. Schinzel M, Smith DW, Miller ]R: Monozygotic twinning and struc- tural defects.] Pediatr 95:921-930, 1979
4. Browne D: Congenital deformities of mechanical origin. Proc R Soc Med 29:1409-1431,1936
5. Chapple CC, Davidson DT: A study of the relationship between fetal position and certain congenital deformities.] Pediatr 18:483-493,1941
6. Dunn PM: The influence of intrauterine environment in the causation of congenital postural deformities with special reference to congenital
dislocation of the hip. Unpublished thesis, Cambridge University, 1969
7. Braun FH,]ones KL, Smith DW: Breech presentation as an indicator of fetal abnonnality.] Pediatr 86:419-421, 1975
8. Haberkern CM, Smith DW, Jones KL: The "breech head" and its rele- vance. Am] Dis Child 133:154-156, 1979
9. Littlefield TR, Kelly KM, POtnatto ]K, et al: Multiple-binh infants at higher risk for development of defonnational plagiocephaly. Pediatrics
103:565-569, 1999
10. Littlefield TR, Kelly KM, POtnatto ]K, et al: Multiple-binh infants at higher risk for development of defonnational plagiocephaly: 11. Is one
twin at greater risk? Pediatrics 109:19-25, 2002
11. Kane M, Mitchell LE, Craven KP, et al: Observations on a recent increase in plagiocephaly without synostosis. Pediatrics 97:877-885, 1996
12. Turk AE, McCanhy ]G, Thome CH, et al: The "back to sleep campaign" and defonnational plagiocephaly: Is there cause for concern? ] Craniofac Surg 7:12-18,1996
13. Huang CS, Cheng HC, Un WY, et al: Skull morphology affected by different sleep positions in infancy. Cleft Palate Craniofac] 32:413419,1995
14. Argenta LC, David LR, Wilson ]A, et al: An increase in infant cranial deformity with supine sleeping position.] Craniofac Surg 7: 5-11, 1996
15. Mulliken]B, VanderWoude DL, Hansen M, et al: Analysis of posterior plagiocephaly: Defonnational versus synostotic. Plast Reconstr Surg
103:371-380, 1999
16. Persing], James H, Swanson], et al: Prevention and tnanagement of positional skull deformities in infants. American Academy of Pediatrics
Committee on Practice and Ambulatoty Medicine, Section on Plastic Surgery and Section on Neurological Surgery. Pediatrics 112:199-202,
2003
17. Clarren SK, Smith DW, HansonJW: Helmet treatment for plagioceph- aly and congenital muscular tonicollis.] Pediatr 94:43-46, 1979
18. Jones PG: T onicollis in Infancy and Childhood: Sternomastoid Fibrosis and the Sternomastoid "Tumor." Springfield, IL, Charles C Thomas,
1968
19. Kawamoto HK: Tonicollis versus plagiocephaly, in Marchac D (ed): Craniofacial Surgery. New York, Springer-Verlag, 1987, pp 105-109
20. Moss ML: The pathogenesis of anificial cranial defonnation. Am] Phys Anthtopol16:269-286, 1958
21. Largo RH, Duc G: Head growth and changes in head configuration in healthy preterm and term infants during the first six months of life. Helv
Paediatr Acta 32:431-442, 1978
22. Baum]D, Searls D: Head shape and size of pre-term low-binhweight infants. Dev Med Child Neurol13:576-581, 1971
23. LittlefieldJW, McGovern AP, Margeson KB: Changes in the distribution of polymerase activity during DNA synthesis in mouse fibroblasts.
Proc Nad Acad Sci USA 49:102-107,1963
24. Bean RB, Speidel CC: A note on the head form of four hundred and thiny-five American soldiers, with special reference to flattening in the
occipital region. Anat Rec 25:301-311,1923
25. Greene D: Asymmetry of the head and face in infants and in children. Am] Dis Child 41:1317-1326,1931
26. Hess AF. Nonrachitic soft chest and flat head: A new syndrome. Am] Dis Child 41:1309-1316, 1931
27. Clark WE: The asymmetry of the occipital region of the brain and skull. Man 55:35-37, 1934
28. Danby PM: Plagiocephalyinsorne 10-year-oldchildren.Arch DisChild 37:500-504,1962
29. Watson GH: Relation between side of plagiocephaly, dislocation of hip,
304
scoliosis, bat ears, and sternomastoid tumours. Arch Dis Child 46:203-210,1971
30. Rout PG, Price C: Plagiocephaly. Br J Oral Surg 16:163-168, 1978
31. Greig DM: Is plagiocephaly ever a binh deformity? Trans Edinburgh Obstetric Soc 45:85-110,1921
32. Walker DG: Malformations of the Face. London, E &: S Livingstone, 1961
33. Vulliamy DG: Problems of the newborn: ~ urgent problems and minor abnormalities. BMJ 786:547-551, 1971
34. Rekate HL: Occipital plagiocephaly: A critical review of the literature. J Neurosurg 89:24-30, 1998
35. Dunn PM: Congenital sternomastoid tonicollis: An intrauterine pos- tural deformity. Arch Dis Child 49:824-825, 1974
36. American Academy of Pediatrics AAP Task Force on Infant Positioning and SIDS: Positioning and SIDS. Pediatrics 89:1120-1126,1992
37. Havens DH, link RL: The "back to sleep. campaign. J Pediatr Health Care 8:240-242, 1994

file:///C|/DOCUME~1/timl/LOCALS~1/Temp/~LWF0001.htm (4 of 5) [6/17/2005 8:29:54 AM]

~LWF0001

38. Mrela CK, Cae T: Arizona Health Status and Vital Statistics 1999. Phoenix, AZ, Arizona Depanment of Health Services, 1999
T.R. Littlefield, N.M. Saba, and K.M. Kelly
39. Positioning and sudden infant death syndrome (SIDS): Update. Amer- ican Academy of Pediatrics Task Force on Infant Positioning and SIDS.
Pediatrics 98:1216-1218, .1996
40. Willinger M, Hoffman HJ, Wu KT, et al: Factors associated with the transition to nonprone sleep positions of infants in the United States: The
National Infant Sleep Position Study. JAMA 280:329-335,1998
41. Kattwinkel J, Brooks J, Keenan ME, et al: Infant sleep position and sudden infant death syndrome (SIDS) in the United States: Joint commentary from the American Academy of Pediatrics and selected agen- cies of the federal government. Pediatrics 93:820, 1994
42. Longaker MT, Posnick JC, Rekate HL: Craniosynostosis and skull molding. J Craniofac Surg 9:572-600, 1998
43. American Academy of Pediatrics Task Force on Infant Sleep Position and Sudden Infant Death Syndrome: Changing concepts of sudden infant
death syndrome: Implications for infant sleeping environment and sleep position. Pediatrics 105:650-656, 2000
44. Boere-Boonekamp MM, van der Linden-Kuiper LT: Positional prefer- ence: Prevalence in infants and follow-up after tWo years. Pediatrics
107:339-343,2001

file:///C|/DOCUME~1/timl/LOCALS~1/Temp/~LWF0001.htm (5 of 5) [6/17/2005 8:29:54 AM]

