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POSITIONAL CRANIAL DEFORMATION IN CHILDREN: A PLEA FOR THE EFFICACY OF THE CRANIAL HELMET IN CHILDREN

INTRODUCTION

Cranial deformations have historically aroused interest worldwide. Nowadays, positional plagiocephaly is a real problem, for parents but also for pediatricians and pediatric neurosurgeons, as incidence is increasing.

The term "plagiocephaly" is derived from the Greek "plagios" (oblique) and "cephalos" (head):

"oblique head". The cranial deformity can be anterior or posterior. Generally, plagiocephaly is defined as parallel, because the tangents through the cranial asymmetries in the anterior and in the posterior contralateral deformed regions do not intersect.

The term brachycephaly designates a postural posterior cranial deformation that is characterized by short anterior-posterior cranial diameter with decreased length, increased transversal diameter and bilateral prominent parietal bossing.

The cranial sutures are open and the deformity is thus distinct from frontal or posterior plagiocephaly related to a premature closure of the coronal or lambdoid sutures, which constitutes true craniosynostosis.

Positional plagiocephaly is not associated with abnormal cerebral and neuropsychological development. [START_REF] Montaut | Dysmorphies cranio-faciales : Les synostoses prématurées (craniosténoses et faciosténoses)[END_REF] [2]

In 1992 the American Association of Pediatrics recommended that the ventral position should be avoided to prevent the Sudden Infant Death Syndrome (SIDS); however, the preferred supine position resulted in an increased incidence of positional cranial deformation. [START_REF]American Academy of Pediatrics AAP Task Force on Infant Positioning and SIDS: Positioning and SIDS[END_REF]. Certainly, supine sleep has reduced the number of sudden deaths in children by more than 40%, but has increased the rate of cranial deformation [START_REF]American Academy of Pediatrics AAP Task Force on Infant Positioning and SIDS: Positioning and SIDS[END_REF] and also the importance of the esthetic consequences.

As reported by Piatt at al. in 2004, problems concerning the shape of a child's head are a frequent reason for consulting a pediatric neurosurgeon [4, 5][6, 7].

The real incidence of positional plagiocephaly is difficult to establish, because the number of pediatric out-patient consultations for this problem has greatly increased.

Incidence ranges between 1 in 60 and 1 in 3,500 live births [START_REF] Dias | Occipital plagiocephaly: deformation or lambdoid synostosis? II. A unifying theory regarding pathogenesis[END_REF][START_REF] Rekate | Occipital plagiocephaly: a critical review of the literature[END_REF][START_REF] Graham | Management of deformational plagiocephaly: repositioning versus orthotic therapy[END_REF][START_REF] Argenta | An increase in infant cranial deformity with supine sleeping position[END_REF]. Boere Bonekamp et al.

reported incidence of 8.2%, with variations according to age, with a first peak at 16% at 6 weeks, increasing to 19.7% at 4 months and then declining to an incidence of 3% [START_REF] Van Wijk | Helmet therapy in infants with positional skull deformation: randomised controlled trial[END_REF]. According to Martinez-Lage et al., incidence ranges between 18% and 20 % in children born in good health and diminishes with age, highlighting the fact that some cases improve spontaneously [START_REF] Martínez-Lage | Positional cranial deformations: a clinical-epidemiological study[END_REF].

Postnatal cranial flattening is found in 56% of multiple births and only 13% of single births [START_REF] Peitsch | Incidence of cranial asymmetry in healthy newborns[END_REF].

Kane reported overall incidence of 48% in healthy infants younger than 1 year, depending on the sensitivity of the diagnostic criteria. [START_REF] Kane | Observations on a recent increase in plagiocephaly without synostosis[END_REF]. Other investigators reported that the incidence of positional plagiocephaly is almost 50% in infants under 3 months of age [START_REF] Mawji | The incidence of positional plagiocephaly: a cohort study[END_REF].

In contrast to the high incidence of deformational plagiocephaly, it is important to remember that true lambdoid synostotic plagiocephaly is very rare, with incidence of 3 in 100,000 births (0.003%), according to Rekate et al. [START_REF] Rekate | Occipital plagiocephaly: a critical review of the literature[END_REF].

A debated point about positional plagiocephaly concerns choice of treatment: some authors fear the impact of the cranial deformation on the growing brain, while others reported that cranial and facial asymmetries improve over time and that the problem is merely esthetic [START_REF] Kane | Observations on a recent increase in plagiocephaly without synostosis[END_REF][START_REF] Vernet | Treatment of posterior positional plagiocephaly[END_REF][START_REF] Kluba | Treatment of positional plagiocephaly--helmet or no helmet?[END_REF][START_REF] Flannery | Evidence-based care of the child with deformational plagiocephaly, part II: management[END_REF][START_REF] Gautschi | Positional plagiocephaly in infancy: diagnosis and management[END_REF][START_REF] Speltz | Case-control study of neurodevelopment in deformational plagiocephaly[END_REF][START_REF] Collett | Neurodevelopmental implications of "deformational" plagiocephaly[END_REF].

It is often said that deformational plagiocephaly has no impact on brain development and is only an esthetic issue [START_REF] Flannery | Evidence-based care of the child with deformational plagiocephaly, part II: management[END_REF][START_REF] Gautschi | Positional plagiocephaly in infancy: diagnosis and management[END_REF]. The aim of treatment is only to improve esthetics and prevent possible ocular, respiratory or swallowing dysfunction related to the facial deformation.

Others series report neurological disorders: cognitive or motor retardation, visual field restriction, and psychological stress due to bullying and to muscular problems [START_REF] Van Wijk | Parents' decision for helmet therapy in infants with skull deformation[END_REF][START_REF] Miller | Long-term developmental outcomes in patients with deformational plagiocephaly[END_REF][START_REF] Flannery | Evidence-based care of the child with deformational plagiocephaly, part II: management[END_REF][START_REF] Kluba | Preclinical pathways to treatment in infants with positional cranial deformity[END_REF][START_REF] Lee | Long-term treatment effectiveness of molding helmet therapy in the correction of posterior deformational plagiocephaly: a five-year followup[END_REF][24]. Infants and pre-school children with deformational plagiocephaly scored lower on developmental tests than children without skull deformity, but not significantly [START_REF] Collett | Development at age 36 months in children with deformational plagiocephaly[END_REF][START_REF] Rowland | PURLs: helmets for positional skull deformities: a good idea, or not?[END_REF].

Treatment by cranial orthosis or helmet is generally adopted in many countries all over the world and is based on the concept of applying forces on the unaffected skull so as to orientate cranial growth through the deformed region and promote correction (Figure 1). We report our experience with cranial orthoses in positional cranial deformation.

MATERIAL AND METHODS

A retrospective systematic review was conducted of 2,188 patients (75% male, 25% female) with Age outset of treatment was 8 months 17 days.

Of the 1,520 children with UDP, 374 were girls (24.6%), 1,146 boys (75.4%). Parietal flattening was lateralized on the right in 817 cases (53.8%) and on the left in 703 (46.2%). Age outset of treatment was available for 1,514 children, with an average of 8 months 11 days. 52 couples of twin brothers or sisters comprised 4.75% of the population: 27 twins with brachycephaly and 77 with UDP.

Mean treatment time was 199 days, for a median 186 days (range, 50-667 days).

RESULTS

Details of the cranial perimeter during treatment are reported in Table 1. At end of treatment, average head circumferences were very similar between groups: within 1 SD according to the WHO data.

Facial symmetry was considered restored when the right and left distances from the tragus to the lateral canthus and to the corner of the mouth were equal. Facial symmetry pre-existed treatment in 13.7% of children. The rate was significantly higher at end of treatment, at 66.7% (p<0.01), thanks to the effectiveness of the helmet. In the brachycephaly subgroup, the rate of pre-treatment facial symmetry was higher, at 40.1%., and significantly increased at end of treatment, at 78.5% (p<0.01), compared to only 4.2% and 62.4% respectively (p<0.01) in the UDP subgroup (Table 2).

To assess the effectiveness of the helmet in bilateral plagiocephaly, we compared cranial index at beginning and end of treatment. Brachycephaly is diagnosed for indices >80%. Cranial index ranged between 94.4% and 124.2% before treatment and between 86.8% and 121.4% after, for a mean 103.5 ± 6% and 96.7 ± 7.2% respectively (p<0.01): i.e., a considerable improvement (Table 3).

To assess the effectiveness of the helmet in the UDP subgroup, CDD was the most relevant parameter. Before treatment, CDD ranged between 0.3 cm and 4.5 cm, for a mean 1.50 ± 0.54 cm. At end of treatment, CDD ranged between 0.1 cm and 2.5 cm, with a significantly lower mean of 0.72 ± 0.37 cm (p<0.01) (Table 4a).

At beginning of treatment, 2.5% of children presented mild plagiocephaly, 19.6% moderate plagiocephaly and 77.9% severe plagiocephaly. At end of treatment, UDP was mild in 40.2% of children, moderate in 44.3% and severe in 15.5%. There were significantly fewer children in the severe subgroups (p<0.01) (Table 4b) Surgical management can be proposed, but is rare after orthotic treatment. In only 8 cases (0.2%), helmet therapy did not achieve good clinical results and surgical posterior cranial remodeling was performed: 3 cases of brachycephaly and 5 of UDP, all for esthetic impact considered too severe by the parents.

Helmet tolerance was very good. Side-effects are reported in Table 5, and were particularly low in this series. There were skin lesions such as erythema (1.6%) or dermabrasion (0.6%). More severe complications such as osteitis were very rare (0.1%). Nevertheless, these results require very careful oversight by both parents and care-providers to ensure this low rate of skin complications.

DISCUSSION

The helmet technique was first used in the USA by Clarren et al. in 1979 [27] and we adopted it in 1989.

It is generally agreed that positional plagiocephaly can result from external pressure on a rapidly developing skull [START_REF] Rekate | Occipital plagiocephaly: a critical review of the literature[END_REF]. The particular malleability of the cranial bones in the fetal period and first months of life predisposes to cranial deformation. As reported by Miller and Clarren, associated neck muscle system anomalies prevent symmetrical head rotation, increasing pressure on one side of the skull, counterbalancing the expansion force of the brain on this side and resulting in cranial asymmetry [START_REF] Miller | Long-term developmental outcomes in patients with deformational plagiocephaly[END_REF].

The intensity and duration of external forces along with rapid cranial growth in the first months of life can explain the different degrees of deformation severity and the peak incidence reported in the first 4 or 6 months of life. This period corresponds to the acquisition of head maintenance and of the sitting position, which can help spontaneous correction of the cranial deformation by avoiding direct application of forces on the skull.

Risk factors for positional plagiocephaly have been identified [START_REF] Bock | Deformational plagiocephaly in normal infants: a systematic review of causes and hypotheses[END_REF]:

-premature birth -hypotonic condition related to muscle disorder -congenital torticollis -intrauterine factors such as multiple pregnancy or oligohydramnios -bifid uterus -macrocephaly.

Postnatal risk factors comprise:

-one side preferred by the newborn for sleep, without particular reason -contraction of the sternocleidomastoid or trapezius muscle -4 th -nerve palsy inducing head malpositioning to avoid diplopia -neurological condition with hypotonic attitude and impaired mobility.

Neuropsychological impairment is not usually associated.

Esthetic impairment of facial symmetry can be observed in mild forms while more severe problems can arise in more severe forms: position of orbits, maxilla, nose and jaws, and impact on visual, breathing and swallowing functions.

Treatment duration varies according to patient age, severity of asymmetry, the correction induced, and parental adherence.

One of the important factors in helmet effectiveness is age at treatment initiation. Helmet therapy is theoretically indicated in children older than 6 months, suffering from severe plagiocephaly (CDD > 1 cm) [START_REF] Graham | Management of deformational plagiocephaly: repositioning versus orthotic therapy[END_REF][START_REF] Kluba | Preclinical pathways to treatment in infants with positional cranial deformity[END_REF][START_REF] Branch | Argenta clinical classification of deformational plagiocephaly[END_REF][START_REF] Clarren | Plagiocephaly and torticollis: etiology, natural history, and helmet treatment[END_REF][START_REF] Laughlin | Committee on Practice and Ambulatory Medicine, Section on Neurological Surgery[END_REF][START_REF] Wilbrand | A prospective randomized trial on preventative methods for positional head deformity: physiotherapy versus a positioning pillow[END_REF], possibly after failure of other methods [START_REF] Vernet | Treatment of posterior positional plagiocephaly[END_REF][START_REF] Wilbrand | A prospective randomized trial on preventative methods for positional head deformity: physiotherapy versus a positioning pillow[END_REF][START_REF] Biggs | Diagnosis and management of positional head deformity[END_REF], but, as mentioned above, in severe forms treatment can be early, at 4 months, often in our experience with shorter duration. Because of growth dynamics, the outcome of helmet therapy depends on the timing of treatment initiation, and results may be significantly poorer if treatment starts too late. [START_REF] Graham | Management of deformational plagiocephaly: repositioning versus orthotic therapy[END_REF][START_REF] Kluba | Preclinical pathways to treatment in infants with positional cranial deformity[END_REF][START_REF] Kelly | Importance of early recognition and treatment of deformational plagiocephaly with orthotic cranioplasty[END_REF][START_REF] Kluba | What is the optimal time to start helmet therapy in positional plagiocephaly?[END_REF][START_REF] Thompson | Outcome analysis of helmet therapy for positional plagiocephaly using a three-dimensional surface scanning laser[END_REF] As expected decrease in CDD is 65% before but 51% after 8 months of age [START_REF] Graham | Management of deformational plagiocephaly: repositioning versus orthotic therapy[END_REF], earlier initiation is associated with greater efficacy. Advanced age is a risk factor for helmet therapy failure (RR = 1.13) [START_REF] Steinberg | Effectiveness of conservative therapy and helmet therapy for positional cranial deformation[END_REF]. Efficacy was zero when treatment began after 12 months of age [START_REF] Graham | Management of deformational plagiocephaly: repositioning versus orthotic therapy[END_REF][START_REF] Kluba | Treatment of positional plagiocephaly--helmet or no helmet?[END_REF]; at this age, the skull is harder and less accessible to the remodeling forces of the helmet, and consequently we do not then propose helmet therapy. The old dogma, well known in pediatrics, held that, between the age of 4 months and 6 months, when children are able to maintain their head and acquire the sitting position, spontaneous remodeling restores acceptable cranial shape. Our own experience showed that, when a child presents moderate or severe plagiocephaly at the age of 5 or 6 months, the dysmorphia does not spontaneously recover and treatment by cranial orthosis may be advocated [START_REF] Rocco | Prevalence and severity of positional plagiocephaly in children and adolescents[END_REF].

Mean time from diagnosis to consultation with a craniofacial specialist is 3.3 months; a longer interval may impair the outcome of helmet therapy. [START_REF] Kluba | Preclinical pathways to treatment in infants with positional cranial deformity[END_REF] Moreover, more than half the children receive additional treatment, delaying the beginning of helmet therapy, which can waste precious time and result in poorer outcome. [START_REF] Kluba | Preclinical pathways to treatment in infants with positional cranial deformity[END_REF] The decision to start helmet therapy is made by parents. This choice is related to their dissatisfaction with their child's head shape and to the effect they expect from helmet therapy [START_REF] Van Wijk | Parents' decision for helmet therapy in infants with skull deformation[END_REF]. Treatment durations in the literature are relatively short, between 13 weeks and 5.7 months [START_REF] Graham | Management of deformational plagiocephaly: repositioning versus orthotic therapy[END_REF][START_REF] Vernet | Treatment of posterior positional plagiocephaly[END_REF][START_REF] Gautschi | Positional plagiocephaly in infancy: diagnosis and management[END_REF][START_REF] Branch | Argenta clinical classification of deformational plagiocephaly[END_REF], but were longer in the present series to make best use of brain and skull growth, which may explain the high rate of good results in our experience. Efficacy correlates with length of treatment, but the earlier treatment starts, the better the results, because the bone is less rigid and consequently more sensitive to the action of the helmet. In our experience, results are better when treatment is early, before the age of 11-12 months; in clear severe deformation, we recommend starting treatment at 4 months.

There are different types of cranial remodeling orthosis, but in France "Starband" is the most commonly used (Figure 2). It can be worn by children from 3 months to 18 months of age. The shape of the helmet is tailored to the correction objectives. Cranial remodeling orthoses are custom-made (Figure 3) and require precise molding of the child's cranium followed by vacuum thermoforming.

Experience shows that the helmet does not impede cranial growth, and can be used in any child, including hydrocephalic patients treated with a ventriculo-peritoneal shunt. The inside of the device is coated with foam so as to be as comfortable as possible. The pressure points where forces are delivered are selected by the neurosurgeon. Good team-work between neurosurgeon, physiotherapist and helmet manufacturer is essential, to obtain perfect contact between the helmet and the points on the skull where the forces are be exerted. Treatment is always supervised by a neurosurgeon, in liaison with the technician in charge of adjustment. Setting up treatment is timeconsuming.

Our follow-up protocol (Table 6) involves patient consultations, with the neurosurgeons working with physiotherapists and helmet manufacturers to program changes in pressure points to adapt the orthosis to morphological changes and growth: this is the principle of dynamic orthotics.

The involvement of pediatric neurosurgeons is important to avoid misuse of the orthotic treatment, as can often happen without clinical follow-up to reduce the risk of overlooking true craniostenosis, incurring functional risk.

Side-effects, and particularly skin erythema or wounds, should be carefully monitored, first by the parents and also by the physiotherapist and neurosurgeons in consultation. To prevent cutaneous lesions, skin massages with ointment are recommended 3 times a day.

Assessing the severity of cranial asymmetry is important for therapeutic decision-making. In 2004, Argenta et al. classified morphological asymmetry in 5 stages according the degree of cranial modifications in positional posterior parallel plagiocephaly or in positional brachycephaly [START_REF] Argenta | Clinical classification of positional plagiocephaly[END_REF]. Measurements are made at the glabella and external occipital protuberance (opistocranion).

These two points can also indicate the length of the cranium and the distance between the two external acoustic canals.

The brachycephaly is classified in 3 types. Argenta's classification is useful for deformity severity, but only parental acceptance of their child's asymmetry can determine treatment.

Nevertheless, none of the cranial measurements used estimate esthetic severity, which is obviously subjective.

Radiological assessment of positional plagiocephaly is of little interest because simple cranial Xrays do not show the asymmetry. CT can be more useful to study cranial and basal asymmetry and also the asymmetry of the face, but the problem of irradiation for a growing patient limit its use to when true craniosynostosis is suspected [START_REF] Brenner | Estimated risks of radiation-induced fatal cancer from pediatric CT[END_REF][START_REF] Pearce | Radiation exposure from CT scans in childhood and subsequent risk of leukaemia and brain tumours: a retrospective cohort study[END_REF]. The need for anesthesia in patients older than 3 months is also a strong argument to forego radiological examination. Ultrasound has been used by some investigators, mainly to monitor sutures progression [START_REF] Sze | Ultrasound screening of the lambdoid suture in the child with posterior plagiocephaly[END_REF].

In the last 10 years, infrared laser-assisted scansion of the skull in children has enabled monitoring of cranial modifications, providing an imprint of the skull at the beginning and of cranial development with or without treatment.

Our experience confirmed the classical male predominance [START_REF] Vernet | Treatment of posterior positional plagiocephaly[END_REF] of plagiocephaly, with 75% boys in our population. This could be explained by hormonal status in fetuses. Testosterone may accentuate muscular action in male fetuses, leading to torticollis, whereas relaxing hormones may loosen female connective tissues. [START_REF] Graham | Management of deformational plagiocephaly: repositioning versus orthotic therapy[END_REF][START_REF] Kluba | Preclinical pathways to treatment in infants with positional cranial deformity[END_REF][START_REF] Weernink | Insufficient vitamin D supplement use during pregnancy and early childhood: a risk factor for positional skull deformation[END_REF] As already reported, multiple pregnancy favors plagiocephaly [START_REF] Graham | Management of deformational plagiocephaly: repositioning versus orthotic therapy[END_REF] . The large number of twins in our population (4.75%, versus 1% in the general population) supports this hypothesis (Figure 4).

Antenatal ultrasound studies in a small cohort of pregnant women showed prenatal existence of cranial deformity in case of deformational plagiocephaly, suggesting that positional cranial deformation can already exist before birth.

At birth, the small size of the skull and the particular emotional atmosphere related to such an important event can explain the low rate of detection of cranial deformation. With growth, the larger skull volume reveals the deformation and eases diagnosis.

In our experience, helmet therapy is an effective and well-tolerated treatment for plagiocephaly. Contrary to the opinion of some authors [START_REF] Wilbrand | A prospective randomized trial on preventative methods for positional head deformity: physiotherapy versus a positioning pillow[END_REF][START_REF] Teichgraeber | Molding helmet therapy in the treatment of brachycephaly and plagiocephaly[END_REF], it seems particularly appropriate for correction of brachycephaly, reducing cranial index by 6.8% on average. In children with UDP, CDD was reduced by 0.78 cm (52%) on average. At end of treatment, in UDP, only 15.5% of children still showed severe plagiocephaly, requiring surgical treatment in a very few cases (0.2%). The helmet was also effective for facial asymmetry. The rate of facial symmetry increased from 4.2% at beginning of treatment to 62.4% at the end in brachycephaly, and from 2.5% to 40.2%, from 19.5% to 44.2% and from 17% to 77% in mild, moderate and severe forms of UDP, respectively. We were not able to constitute a control group, as our center adopted helmet treatment and developed the technique a long time ago, rapidly becoming a reference center for parents, who come specifically for that.

In a study comparing helmet therapy versus repositioning therapy, Graham et al. found that helmet therapy led to a final CDD of 0.71 cm (61%), and was more effective than repositioning therapy. [START_REF] Graham | Management of deformational plagiocephaly: repositioning versus orthotic therapy[END_REF] In another non-randomized study, including 128 children with UDP, Kluba et al. also reported that cranial vault asymmetry index was reduced by 68% in children treated with a cranial helmet, versus only 31% in children without treatment. [START_REF] Kluba | Treatment of positional plagiocephaly--helmet or no helmet?[END_REF] Moreover, helmet therapy favored acquisition of facial symmetry in the present series, as also previously reported [START_REF] Vernet | Treatment of posterior positional plagiocephaly[END_REF] . Like other authors [START_REF] Vernet | Treatment of posterior positional plagiocephaly[END_REF], we think that helmet therapy does not impair global cranial growth, as the average cranial perimeter in our series was within 1 SD according to the WHO data. Consequently, our series confirms that helmet therapy optimizes and orients the orthopedic properties of the brain that are at the origin of skull growth. Efficacy depends on changing the pressure points in line with cranial modifications with skull growth and the ongoing correction obtained.

Many other authors also consider that helmet therapy is effective [16-19, 22, 23, 27, 32, 35, 44-61]; even so, a few are skeptical [START_REF] Van Wijk | Parents' decision for helmet therapy in infants with skull deformation[END_REF][START_REF] Rowland | PURLs: helmets for positional skull deformities: a good idea, or not?[END_REF]. What is clear from our experience is that the helmet does not alter or impede skull growth. To demonstrate efficacy, serial CT-scans would be needed, to quantify skull progression and the changes in basal angles and cranial index; but this is unacceptable due to the high risk of cranial irradiation in young children.

Changes in cerebrospinal fluid (CSF) dynamics are important in the development of positional plagiocephaly; according to some authors, increased amounts of CSF in subarachnoid spaces could trigger the skull deformation: i.e., external hydrocephaly could induce distortion of the skull.

In true craniosynostosis, the involvement of CSF was reported by Carmel in 1981 [START_REF] Carmel | Craniosynostosis: computed tomographic evaluation of skull base and calvarial deformities and associated intracranial changes[END_REF] and, several years later, modifications of the subarachnoid spaces were described by Chadduck [START_REF] Chadduck | The subarachnoid spaces in craniosynostosis[END_REF].

Sawin, as well as other authors, demonstrated that the subarachnoid spaces of patients with occipital deformation were enlarged compared to controls [START_REF] Sawin | Quantitative analysis of cerebrospinal fluid spaces in children with occipital plagiocephaly[END_REF][START_REF] Thaller | Surgical correction of unilateral lambdoid synostosis: occipital rotation flap[END_REF][START_REF] Muakkassa | Lambdoid synostosis. Part 2: Review of cases managed at The Hospital for Sick Children, 1972-1982[END_REF][START_REF] Fernbach | Radiologic evaluation of the child with craniosynostosis[END_REF].

The subarachnoid space dilatation is similar to what is observed in idiopathic hydrocephalus, which is associated not with brain atrophy but with increased cranial circumference [START_REF] Sawin | Quantitative analysis of cerebrospinal fluid spaces in children with occipital plagiocephaly[END_REF][START_REF] Hamza | Benign extracerebral fluid collections: a cause of macrocrania in infancy[END_REF].

These modifications of subarachnoid spaces could be the primary anomaly that precedes skull deformation, or else the consequence of CSF circulation modifications induced by the modified cranial morphology. [64][69]. Dia et al. consequently suggested the simple term "occipital plagiocephaly", because the two situations express the same problem and because the persistence of the external pressure could lead to true closure of the suture [START_REF] Dias | Occipital plagiocephaly: deformation or lambdoid synostosis? II. A unifying theory regarding pathogenesis[END_REF][START_REF] Hinton | Lambdoid synostosis. Part 1. The lambdoid suture: normal development and pathology of "synostosis[END_REF].

These hypotheses give possible explanations for the flattening of the cranial deformation, but neither explains the high incidence of positional plagiocephaly or the very rare incidence of lambdoid craniosynostosis [START_REF] Dias | Occipital plagiocephaly: deformation or lambdoid synostosis? II. A unifying theory regarding pathogenesis[END_REF].

The present rate of complications was very low. Side-effects were particularly rare (2.5%) and seldom serious. Moreover, in our experience, such minor complications disappear when treatment stops. In the present series, the incidence of such complications did not seem to be influenced by the type of plagiocephaly, although numbers were too small for comparative statistical analysis. Usually, the combination of plagiocephaly and brachycephaly, contrary to severity of deformation, is considered to correlate with a higher risk of complications [START_REF] Freudlsperger | The Incidence of Complications Associated With Molding Helmet Therapy: An Avoidable Risk in the Treatment of Positional Head Deformities?[END_REF].

Complication rate correlates with seasonal variation in temperature. During summertime, adherence to treatment needs more attention, with more frequent rest periods and more attentive skin care (drying and cleansing). For Freudlsperge et al., minor complications were far more frequent during helmet therapy (26.3%): pressure sores (13.7%), erythema (2.9%), skin erosion or infection (4.3%) or defective fitting (5.4%). [START_REF] Freudlsperger | The Incidence of Complications Associated With Molding Helmet Therapy: An Avoidable Risk in the Treatment of Positional Head Deformities?[END_REF] In some series, all parents declared at least one side-effect, with skin irritation frequency up to 96%. [START_REF] Van Wijk | Parents' decision for helmet therapy in infants with skull deformation[END_REF][START_REF] Rowland | PURLs: helmets for positional skull deformities: a good idea, or not?[END_REF] In these series, patients wore their helmet 23 hours a day, which is a little bit longer than recommended in our protocol. However, length of treatment has to be adapted to deformation progression, and generally, in our experience, to have a very good result, treatment duration is longer than that reported by some authors in the United States, which was generally 3 to 4 months. Finally, it is well recognized that helmet therapy is particularly safe and well-tolerated [START_REF] Flannery | Evidence-based care of the child with deformational plagiocephaly, part II: management[END_REF][START_REF] Clarren | Helmet treatment for plagiocephaly and congenital muscular torticollis[END_REF] and does not negatively influence quality of life and of sleep [START_REF] Van Wijk | Parents' decision for helmet therapy in infants with skull deformation[END_REF]. In our experience, treatment was never interrupted for skin problems and there were no behavioral problems during follow-up until the age of 6 to 8 years.

Our experience shows that poor parental compliance is a very important risk factor for helmet therapy failure [START_REF] Kluba | Treatment of positional plagiocephaly--helmet or no helmet?[END_REF] (RR = 2.42 [START_REF] Steinberg | Effectiveness of conservative therapy and helmet therapy for positional cranial deformation[END_REF]) and complications are almost always related to parental negligence. We are aware that simple and clear explanation of the goal and of the treatment protocol is essential to obtain good clinical results. Close follow-up at treatment outset is also mandatory to ensure a low rate of complications. [START_REF] Freudlsperger | The Incidence of Complications Associated With Molding Helmet Therapy: An Avoidable Risk in the Treatment of Positional Head Deformities?[END_REF] In our center, we are available to parents for any problems, as it is very important to provide an early answer and to react rapidly in case of complications or doubts. Simple explanations to parents who have to withdraw the device due to skin irritation avoid rapid worsening of the situation. The best attitude is to avoid the problem in the first place: prevention is essential.

Plagiocephaly prevention is an emerging concept. [START_REF] Van Wijk | Parents' decision for helmet therapy in infants with skull deformation[END_REF] Some authors suggest using positioning aids from birth onward [START_REF] Kluba | Preclinical pathways to treatment in infants with positional cranial deformity[END_REF] and providing perinatal physiotherapy advice to parents to reduce cervical muscular contracture [START_REF] Vernet | Treatment of posterior positional plagiocephaly[END_REF][START_REF] Wilbrand | A prospective randomized trial on preventative methods for positional head deformity: physiotherapy versus a positioning pillow[END_REF][START_REF] Lessard | Exploring the impact of osteopathic treatment on cranial asymmetries associated with nonsynostotic plagiocephaly in infants[END_REF]. Measurement of cranial diameter should become an obligatory part of pediatric well-child consultations in the 3 rd and 4 th months of life. [START_REF] Kluba | Preclinical pathways to treatment in infants with positional cranial deformity[END_REF] Nutritional advice can be provided concerning the importance of adequate vitamin D intake during pregnancy and infancy. Vitamin D insufficiency during pregnancy is associated with skeletal homeostasis disorder in general and is independently associated with increased risk of skull deformation during infancy. Use of formula milk after birth is also associated with skull deformation [START_REF] Weernink | Insufficient vitamin D supplement use during pregnancy and early childhood: a risk factor for positional skull deformation[END_REF].

Prevention of positional head deformities can involve physiotherapy [START_REF] Wilbrand | A prospective randomized trial on preventative methods for positional head deformity: physiotherapy versus a positioning pillow[END_REF][START_REF] Neufeld | What to do about flat heads: preventing and treating positional occipital flattening[END_REF][START_REF] Van Vlimmeren | Effect of pediatric physical therapy on deformational plagiocephaly in children with positional preference: a randomized controlled trial[END_REF][START_REF] Vargish | Use physical therapy to head off this deformity in infants. Consider early PT to prevent severe deformational plagiocephaly[END_REF], osteopathy [START_REF] Lessard | Exploring the impact of osteopathic treatment on cranial asymmetries associated with nonsynostotic plagiocephaly in infants[END_REF], counter-positioning [START_REF] Loveday | Active counterpositioning or orthotic device to treat positional plagiocephaly?[END_REF], bedding devices [START_REF] De Chalain | The Safe-T-Sleep device: safety and efficacy in maintaining infant sleeping position[END_REF] and cervical stretching [START_REF] Morrison | Positional plagiocephaly: pathogenesis, diagnosis, and management[END_REF].

Wilbrand et al. reported improvements in cranial shape in 50 children using non-orthotic methods (stretching exercises and adapted pillows). [START_REF] Wilbrand | A prospective randomized trial on preventative methods for positional head deformity: physiotherapy versus a positioning pillow[END_REF] However, pillows can cause side-effects (bilateral apostasis of the external ears). [START_REF] Wilbrand | A prospective randomized trial on preventative methods for positional head deformity: physiotherapy versus a positioning pillow[END_REF] A recent Australian study showed that, in a group of patients treated with helmet, correction of cranial parameters was better than in the group without helmet treatment. [START_REF] Ho | Use of external orthotic helmet therapy in positional plagiocephaly[END_REF] Also, while there is no level 1 evidence of efficacy of helmet treatment, all the studies of anatomomorphological indices confirmed that helmets showed real morphological efficacy [START_REF] Lee | Long-term treatment effectiveness of molding helmet therapy in the correction of posterior deformational plagiocephaly: a five-year followup[END_REF][START_REF] Couture | Efficacy of passive helmet therapy for deformational plagiocephaly: report of 1050 cases[END_REF][START_REF] Goh | Orthotic (helmet) therapy in the treatment of plagiocephaly[END_REF][START_REF] Lipira | Helmet versus active repositioning for plagiocephaly: a three-dimensional analysis[END_REF][START_REF] Naidoo | Long-term outcomes in treatment of deformational plagiocephaly and brachycephaly using helmet therapy and repositioning: a longitudinal cohort study[END_REF][START_REF] Plank | Comparison of infant head shape changes in deformational plagiocephaly following treatment with a cranial remolding orthosis using a noninvasive laser shape digitizer[END_REF][START_REF] Xia | Nonsurgical treatment of deformational plagiocephaly: a systematic review[END_REF][START_REF] Yoo | Outcome analysis of cranial molding therapy in nonsynostotic plagiocephaly[END_REF].

While spontaneous reduction of UDP is reported in 70% cases [START_REF] Vernet | Treatment of posterior positional plagiocephaly[END_REF][START_REF] Flannery | Evidence-based care of the child with deformational plagiocephaly, part II: management[END_REF][START_REF] Collett | Development at age 36 months in children with deformational plagiocephaly[END_REF][START_REF] Goh | Orthotic (helmet) therapy in the treatment of plagiocephaly[END_REF][START_REF] Hutchison | Plagiocephaly and brachycephaly in the first two years of life: a prospective cohort study[END_REF][START_REF] Jones | Occipital plagiocephaly: an epidemic of craniosynostosis?[END_REF], in our experience severe cases never improved, in complete contradiction with the principle that, with the time and neuropsychological development, spontaneous recovery is always possible.

After 30 years' experience, we have learned that helmets can be effective up to the age of 19 months; it is very rare to observe significant improvement in skull shape after this age, and we stop treatment at that point.

CONCLUSIONS

Positional plagiocephaly and brachycephaly are a real problem in our society. The need for good quality of life and to avoid personal psychological problems has incited families and doctors to address this problem.

Our experience confirms that the cranial helmet is a simple and well-tolerated treatment which provides satisfactory clinical results in positional plagiocephaly. Success requires good team-work with parents and careful management by orthotist, physiotherapist and physician to avoid minor side-effects. Helmet therapy must be applied as early as possible, to take full advantage of cranial bone plasticity. Unfortunately, this alternative treatment remains relatively under-used in France, undoubtedly because few pediatric neurosurgical departments propose it.

Nevertheless, there remain many controversies, in particular concerning long-term esthetic and functional outcome. A long-term multicenter prospective study is needed to remove doubts.

Finally, "acceptable" head shape in infants and at an older age is subjective. What is certain is that cranial asymmetry persists into adolescence and adulthood. The psychological consequences and acceptance by parents and child are less certain.

As Montaigne said, "It is better to have a well-structured head than a full head" -a wellstructured head with a nice craniofacial appearance! [START_REF] Mottolese | Positional plagiocephaly: the place of cranial orthotics[END_REF]. 

FIGURE LEGENDS

  positional head deformity treated by cranial helmet between 1991 and 2013. Data comprised gender, date of birth, type of plagiocephaly (bilateral or asymmetric, and laterality) date of beginning and end of treatment, and morphologic parameters at baseline and after treatment: head circumference, right and left tragus to lateral canthus distance, right and left tragus to corner of the mouth distance, anteroposterior diameter, lateral diameter, cranial index and cranial diagonals difference (CDD). Children presenting unilateral deformation plagiocephaly (UDP) were classified into 3 groups according to severity: -Mild: CDD < 5 mm -Moderate: 5 mm < CDD < 10 mm -Severe: CDD > 10 mm Then, measures were analyzed to assess the effectiveness and tolerance of the cranial helmet: -Restoration of facial symmetry, indicating that treatment was successful, independently of type of plagiocephaly; -Requirement for posterior cranial remodeling, indicating that treatment failed, independently of type of plagiocephaly; -Significant decrease in cranial index, indicating that treatment was successful in the brachycephaly subgroup; -Significant decrease in CDD, indicating that treatment was successful in the UDP subgroup. Age outset of treatment was available for 2,034 children, and ranged from 35 days to 26.5 months, for a mean 8 months 13 days and a median 8 months 4 days. Age at end of treatment was available for 1,961 children, and ranged from 4 months 22 days to 41 months, for a mean 14 months. 539 children were treated for brachycephaly: 152 girls (28.2%) and 387 boys (71.8%).
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 1 Figure 1: Diagram of the force applied by the helmet to remodel the head shape.

Figure 2 AFigure 3 :

 23 Figure 2 A and B: Pictures of children wearing a helmet Figure 3: 3D measurement for tailored helmet.
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 4 Figure 4: Picture of twins wearing a helmet.

  

  

  

Table 1 :

 1 Comparison of the cranial perimeter at beginning and end of treatment in the whole population and the 2 subgroups.

		Beginning of treatment	End of treatment
	All children	2,049 children	1,808 children
	Minimum	39 cm	40 cm
	Maximum	51.5 cm	54 cm
	Median	45 cm	47 cm
	Average	45.1 ± 2.57 cm	46.7 ± 2.14 cm
	Brachycephaly subgroup	522 children	488 children
	Minimum	39.2 cm	40 cm
	Maximum	51 cm	54 cm
	Median	45 cm	46.5 cm
	Average	45 ± 1.76 cm)	46.5 ± 2.50 cm
	UDP subgroup	1,455 children	1,320 children
	Minimum	39 cm	41 cm
	Maximum	51.5 cm	52.5 cm
	Median	45 cm	47 cm
	Average	45.1 ± 2.71 cm	46.7 ± 2.01 cm

Table 2 :

 2 Assessment of facial symmetry in the whole population and in the 2 subgroups

		Beginning of treatment	End of treatment	
		473 children	447 children	
	Minimum	94.4%	86.8%	
	Maximum	124.2%	121.4%	
	Average	103.5 ± 6%	96.7 ± 7.2%	p< 1.10 -7
	Median	103.6%	96.7%	

Table 3 :

 3 Assessment of helmet therapy efficacy based on cranial index in the brachycephaly subgroup

		Beginning of treatment	End of treatment	
		1,286 children	1,190 children	
	Minimum	0.3 cm	0.1 cm	
	Maximum	4.5 cm	2.5 cm	
	Average	1.50 ± 0.54 cm	0.72 ± 0.37 cm	p< 1.10 -7
	Median	1.5 cm	0.6 cm	

Table 4a :

 4a Assessment of helmet therapy efficacy by comparison of CDD in the UDP subgroup

		Beginning of treatment	End of treatment	
		1,286 children	1,190 children	
	Mild UDP	32 (2.5%)	478 (40.2%)	p< 1.10 -7
	Moderate UDP	252 (19.6%)	527 (44.3%)	
	Severe UDP	1,002 (77.9%)	185 (15.5%)	

Table 4b :

 4b Distribution of subgroups of UDP severity as previously defined

		Erythema	Dermabrasion	/ burn	Frontal	osteitis	Cutaneous	allergy	Subperiosteal	hematoma	Torticollis
	Total	35 (1.6%)	13 (0.6%)	2 (0.1%)	2 (0.1%)	1 (0.05%)	1 (0.05%)
	Brachycephaly	8	8		0		0		0		0
	UDP	26	4		0		0		1		1
	No data	1	1		2		2		0		0

Table 5 :

 5 Comprehensive listing of minor and major complications of treatment

	Day	
	D0-D2	Have a break every 2 hours
	D3-D5	Have a break every 2 and a half hours
	D6-D8	Have a break every 3 hours
	D9-D11	Have a break every 3 and a half hours
	D12-D14	Have a break every 4 hours
	D15-D18	Have a break every 4 and a half hours
	D≥19	Wearing periods of 4h30 for a maximum
		of 21 hours a day and have a break in
		case of skin erythema
	Night	
	After D3	Wear the device all night long

Table 6 Helmet therapy protocol in Lyon neurosurgical unit
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