Repercussions of plagiocephaly on posture, muscle flexibility and balance in children aged 3–5 years old
Introduction
Asymmetry in infancy involves an abnormal shape of parts of the body or unequal postures and movements, showing a high prevalence.1 Nonsynostotic plagiocephaly is defined as a craniofacial deformity involving an asymmetric occipital flattening, ipsilateral frontal bossing and possibly facial asymmetry.2 Different authors point out that cranial deformation may result from the fact that infants, especially newborns, are invariably arranged in the same position, creating continuous pressure against the occiput and displacing the frontal bones forward as a consequence of the constant directed forces.3 There has been an exponential increase in recent decades linked to the American Academy of Pediatrics ‘Back to Sleep’ campaign launched in 1992.4 Prevalence ranges from 6.1 to 22.1% during the first year of life.4,5 A relationship between the sleep position, position preference, motor development and nonsynostotic plagiocephaly has been previously shown.1 Neurodevelopmental delay has been observed in infants with nonsynostotic plagiocephaly, especially in motor function.3 Collett et al. showed that preschool-aged children with history of plagiocephaly continue to receive significant lower developmental scores than unaffected controls on all the composite scales of the Bayley Scales of Infant and Toddler Development, Third Edition.6 
Body asymmetry in the earliest months of life affects the formation of proper static and dynamic posture in the later stages of child development.4,7–9 The effects of a poor posture have a negative impact on health, mainly in primary school age where there are risk factors affecting posture, that include rapid changes in growth, backpack use, faulty sitting posture and the use of non ergonomic school  furniture.10 It has also been previously identified the age range of 3–6years as one of the critical periods of postural development during which significant changes in postural control occur.11 Pires et al.12 reported that improper postures adopted by children can cause an imbalance in the body musculature. Balance is important to maintain the body’s position and key element for children to safely and independently function in a variety of environments. Postural stability is a key element to develop walking, running, jumping, climbing and other motor abilities in preschoolers.13,14
There are no data available regarding postural and balance effects or muscle flexibility in children with history of nonsynostotic plagiocephaly. Our hypothesis that previous history of nonsynostotic plagiocephaly could change posture at 3–5 years old is based on previous evidences showing that asymmetry in infancy affects static and dynamic posture in the later stages of child development.7,8 In light of this, the present study aimed to assess the posture, skeletal flexibility and balance in children aged 3–5 years old with previous history of nonsynostotic  plagiocephaly.

Methods
Participants
Children with previous history of moderate and severe nonsynostotic plagiocephaly between the ages of 3 and 5 years old and controls matched for age, sex, weight, height and physical activity performance (assessed by self-report of the parents) were included in the study. Children with history of nonsynostotic plagiocephaly were selected at random from those who attended a local University Hospital. They had been clinically diagnosed of moderate or severe non synostotic plagiocephaly (in order to have similar treatment) at some point during the first year of age. Severity has previously shown to influence the acquisition of motor skills.15 The diagnosis of moderate and severe plagiocephaly was made through measurements of cranial vault. Two clinicians independently recorded caliper measurements of cranial vault asymmetry (CVA). CVA scores were assigned into three predetermined severity categories (normal CVA<3 mm, mild/moderate CVA < or = 12 mm, moderate/severe CVA>12 mm). The infants with previous history of moderate/severe plagiocephaly were included in the study.16 All the infants received the same treatment. They were included in a physiotherapy programme, and they used an orthotic helmet. The protocol treatment consisted of repositioning exercises during 2 h per week implemented by a physiotherapist experienced in pediatrics. Parents were also instructed to perform postural changes from supine, prone, lateral and sitting positions at home. Infants were discharged when an independent expert pediatric neurologist considered the asymmetry corrected based on the anthropometric measurements (normal CVA<3 mm).16
Children were excluded from the study if they had a diagnosis or a previous history of prematurity, cranyosinostosis, developmental dysplasia of the hip, perinatal fracture of the clavicle, torticollis, obstetric brachial plexus palsy, central nervous system disorders, congenital abnormalities or malformations, disorders in sensory systems, acquired musculoskeletal or nonmusculoskeletal asymmetry, idiopathic scoliosis or a respiratory condition such as asthma. These conditions have reported to cause asymmetry1 or a postural adaptation.17–19 Concurrently, children without plagiocephaly of similar age, sex, height, weight and practising similar physical activity were recruited during well-child visits at a nearby paediatrician’s office and using word of mouth. The study was approved by the Hospital’s Ethics Committee and that is conforms to the provisions of the Declaration of Helsinki in 1995 (as revised in Tokyo 2004). The participants’ parents were informed about the purpose and procedures of this study and signed an informed consent prior to the children’s involvement. Participation in the study was fully voluntary and anonymous with no explicit incentives provided for participation.
Measures
The medical records of the children were reviewed in order to check the inclusion and  exclusion criteria and to record the plagiocephaly’s characteristics (severity of the plagiocephaly at the time of diagnosis, side of flattening and bossing and presence of facial asymmetry). Prior to data collection, measurements of height (cm) and weight (g) were recorded. The assessment included the evaluation of posture, muscle flexibility and balance, and it was completed in a laboratory of the Faculty of Health Sciences. The data were collected by the same trained researcher who was blinded to previous diagnosis.
· Posture assessment
Posture was assessed through the measurement of angles and distances between anatomical landmarks. A Kodak Easyshare C513 (Kodak Easyshare C513; Eastman Kodak Company, Rochester, NY) digital camera was used. The camera was set on a tripod, 3.1m away from the line marking the position of the child. Before photographing, a self-adhesive circular reflecting cutaneous marker (0.5-cm radius) was applied to the relevant points. The children were naked from the waist up. After placing the markers, the children in standing position were asked to look at himself/herself on a mirror (40 cm × 50 cm) positioned 1m away.20 For all the photographic records, a plumb line was positioned 33 cm from the child in order to warrant any true vertical reference for angle
tracing. The instructions given to all the children concerning the positioning were standardised. The photographs were digitised using the UTHSCSA ImageTool software (UTHSCSA ImageTool, version 2.0; Department of Dental Diagnostic Science, University of Texas Health Science Center, San Antonio, Tex). Three values were obtained for each angle measured, and the mean value was considered for statistical analysis. This method for assessing posture in infants has previously shown good reliability.21 The angles assessed were the following: 
Head position the craniocervical angle formed between C7, the tragus and the nasium (Fig. 1).22,23 Thoracic kyphosis: The angle formed by the lines between the spinous processes of C7 and the twelfth thoracic vertebra (T12).24 Lumbar lordosis: The angle formed by the lines between the spinous processes of T12 and the fifth lumbar vertebra (L5).24 Sagittal pelvic tilt: The angle formed by the horizontal and by the line joining the posterior superior iliac spine and the anterior superior iliac spine.25 
Muscle flexibility and balance were assessed by the same trained researcher at the laboratory after taking the photographs.
· Assessment of muscle flexibility
Stibor test: The increase in the distance between the skin marks at the level of the sacral dimples (S1) and the spinal processes of C7 was measured during maximal forward bending. A lower value represents lower thoracic mobility.24,25 Shober test: The increase in the distance between two skins marks at the S1 point and 5 cm above this mark was measured during maximal forward bending. A lower value represents decreased lumbar mobility.26,27 Previous studies have used these tests in children.24,28,29 Finger-to-floor distance: The distance between the finger-tips and the floor was measured in the standing position during maximal flexion of spine and pelvis with the knees unbent. A higher value represents greater shortening of the muscles of the trunk and lower limbs, mainly the hamstring muscles, group composed by the semi-tendinous, semi-membranous and bíceps femoralis muscles.30
· Balance assessment
Pediatric Balance Scale: 14-item scale that examines functional balance. It was administered to each child individually using the protocol for test administration and scoring described by Franjoine et al. Data supports the use of this scale as a reliable measure of functional balance for use in children with mild to moderate motor impairment. It has demonstrated to have Good test–retest and interrater reliability.14
Data analysis
The statistical distribution of the data was analysed with the Kolmogorov– Smirnov test. The sample size was powered to detect statistically significant between-groups differences with 95% power. Qualitative variables are presented as percentage (%) and quantitative variables as mean ± standard deviation. Demographic data were compared with T-tests and the χ2 test using SPSS (Statistical Package for the Social Sciences) software, version 20.0 (SPSS Inc., Chicago, IL, USA). The data were analysed with the one-way analysis of variance using unrepeated measure factor. The alpha level was set at 0.05.
Results
A total sample of 52 children with previous history of moderate or severe non-synostotic plagiocephaly between the ages of 3 and 5 years old were evaluated, along  with 52 controls matched for age, sex, weight, height and physical activity performance (assessed by self-report of the parents). The data were normally distributed. Table 1 shows that both groups studied presented similar age, height, weight and physical activity hours per week (reported by parents). The 65% of the children included in the plagiocephaly group presented right occipital flattening and frontal bossing and the 66.7% presented facial asymmetry at the time of referral. Children in the plagiocephaly group showed statistically significant (P<0.001) greater craniocervical angles than did control children. No between-groups  significant differences were also found in the sagittal measures of thoracic kyphosis, lumbar lordosis and sagittal pelvic tilt (Table 2). 
Regarding flexibility, it is observed that the plagiocephaly group had lower (P = 0.002) thoracic mobility (Stibor test) than did control group subjects. On the other hand, lumbar mobility in the plagiocephaly group did not differed from that of those in the other group. The values obtained in the finger-to-floor test show greater shortening of the musculature of trunk and lower limbs in the infants included in the plagiocephaly group compared to those in the control group. Balance assessment showed significant lower values (P<0.001) in the plagiocephaly group (Table 3).
Discussion
The objective of this study was to assess posture, skeletal musculature and balance in children aged 3-5 years old with previous history of non-synostotic plagiocephaly. The results show that children with history of plagiocephaly presented significant differences on head position (P<0.001) when compared to control children showing greater values on craniocervical angles. Muscle flexibility also showed significant differences (P<0.05) with lower thoracic mobility and flexibility of the trunk and lower limbs muscles. Children in the plagiocephaly group also scored significantly (P<0.001) lower on balance than children without history of plagiocephaly. Craniocervical angles were significantly higher in the infants with previous diagnosis of plagiocephaly. Some authors have shown an association between head posture and craniofacial morphology.20 Posture involves the control of body segments in which the head is supported by the trunk. Different authors have also reported an association between the presence of plagiocephaly and visual field defects.31 Posture asymmetries can affect functional activities and have been associated with the risk of progression in idiopathic scoliosis.32 
Bad posture is a defective relationship between the several parts of the body that provokes muscle imbalance and a less efficient body balance.33 In our data, children with plagiocephaly have shown lower thoracic mobility and a greater shortening of the muscles of the trunk and lower limbs. It has previously shown that that improper posture adopted by children can cause an imbalance in the body musculature, resulting in postural alterations.12 Nonsynostotic plagiocephaly implies an asymmetrical deformity involving flattening of the infant skull secondary to external forces maintained in time. 
Some studies9,34 have suggested that children with nonsynostotic plagiocephaly have elevated risk of developmental delays. Panchal et al.34 showed that infants with previous history of plagiocephaly are at increased risk for developmental delays in infancy. Miller and Clarren9 found that almost 40% of school-aged children who initially showed non synostotic plagiocephaly received help in primary school, including special education assistance, physical therapy, occupational therapy and speech therapy. Children with a history of non-synostotic plagiocephaly also continue to receive lower developmental scores than unaffected controls at age 36 months, pointing out that plagiocephaly is possibly a marker of risk for developmental delay.6 In our study, children with history of plagiocephaly presented poorer balance than control children.  
It has been previously established that the causal relationship between craniofacial deformation and neurodevelopment implications is not clear.35 However, it is posible to anticipate worse outcomes including developmental benefits for those children with craniofacial asymmetry. 
It is important to mention the low level of physical activity in both groups. This is an interesting point with implications for future fitness in this young age group. 
Limitations in this study include recruitment of participants through a specific Unit at a University Hospital (nonsynostotic plagiocephaly cases) and via a pediatrician’s office and word of mouth (controls). It is important to mention a possible selection bias because the infants included in the control group were matched for age, sex, weight, height and physical activity. A cephalometric radiograph recorded in the standardised upright posture should be used for a more differential assessment of cranio-cervical postural relationship. However, photographic posture assessment has previously shown good reliability. There is no previous report of deterioration in posture, muscle flexibility and balance in children with history of plagiocephaly and its influence in quality of life. This may be relevant for future research in order to develop treatment protocols based on these findings. 
In conclusion, the results of this study show that children with previous history of nonsynostotic plagiocephaly present head postural changes, muscle shortening and a poor balance when compared to control children at 3–5 years old.
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Tables
Table 1.  Characteristics of the children included in the study.
	
	Plagiocephaly group
(n = 52)
	Control group
(n = 52)
	p value

	Sex n (% female)
	26 (50)
	26 (50)
	-

	Age (years old)
	4.12 ± 0,76
	4.14 ± 0.83
	0.925

	Heigth (cm)
	110.10 ± 6.04
	109.45 ± 6.61
	0.628

	Weight (g)
	17450 ± 1965
	17345 ± 3476
	0.846

	Physical activity (h/week)
	2.6 ± 1.24
	2.15 ± 0.96
	0.691


SD: standard deviation, n: number of infants per group.












Table 2. Posture assessment of the children included in the study
	Posture angles (°)
	Plagiocephaly group
(n = 52)
	Control group
(n = 52)
	p value

	Left craniocervical angle
	138.85 ± 9.98
	       129.84 ± 8.21
	P < 0.001

	Right craniocervical angle
	142.06 ± 9.89
	129.04 ± 8.65
	P < 0.001

	Thoracic kyphosis
	27.19 ± 9.15
	31.23 ± 1.97
	0.085

	Lumbar lordosis
	9.54 ± 5.68
	11.37 ± 6.08
	0.278

	Sagittal pelvic tilt
	9.89 ± 6.06
	6.53 ± 7.24
	0.071


The variables are expressed as mean ± standard deviation.













Table 3 Muscle flexibility and balance assessment of the children included in the study.
	
	Plagiocephaly group
(n = 52)
	Control group
(n = 52)
	p value

	Muscle flexibility

	  Stibor test (cm)
	4.63 ± 1.14
	5.36 ± 1.19
	0.002

	  Shober’s test (cm)
	5.86 ± 1.60
	5.74 ± 1.88
	0.713

	  Finger-to-floor distance (cm)
	14.96 ± 7.69
	5.75 ± 6.04
	P < 0.001

	Balance assessment
   Pediatric Balance Scale
	
48.69 ± 3.80
	
53.04 ± 2.61
	
P < 0.001


The variables are expressed as mean ± standard deviation.
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