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Introduction
Cleft lip and palate represent a major public health problem due to the possible associated life long morbidity, complex etiology, and the extensive multidisciplinary commitment required for intervention in addition to the significant medical, psychological and financial implications on the affected individuals and families (Mossey et al., 2009).
            It is considered a debilitating condition that is associated with significant feeding, hearing, speech, and psychological impairments, a child with cleft lip and palate suffers substantial functional morbidity such as restricted maxillofacial growth, speech anomalies, swallowing and feeding difficulties, hearing loss and/or recurrent ear infections (Allam and stone, 2014).
           Cleft lip and palate occurs in 1 in 500-2500 births depending on ancestry, geographic location, maternal age, prenatal exposures and socioeconomic status (Wehby and Cassell, 2010);  Major population differences have been reported, with the highest rates in Asians and Native Americans (1 in 500 births) and the lowest rates in Africans (1 in 2,500 births) (Parade and Chai, 2012).
As for the role of the orthodontist , due to the fact that patients with cleft lip and palate present with multiple dental conditions, the craniofacial orthodontist must be part of the craniofacial and cleft team, the craniofacial orthodontist is involved in data collection, clinical examination, diagnosis, treatment planning, and the orthopedic treatment of this craniofacial disorder, the craniofacial orthodontist has been shown to play an intrinsic role in the care of patients with cleft lip and palate (Santiago and Grayson, 2009).
This project aims to study and explain the various aspects of cleft lip and palate from the very early embryologic development of such patients up to the last stages of treatment with emphasizing on the role of the orthodontist in the success of the many stages of treatment.
Chapter one

Literature review
1. 1. Definitions:

         The term “hare lip” has been used consistently by the French authors, while the Germans used “lare lip”, “hare’s fissure” and “split lip”. The transition to more general use of "cleft lip” probably took place between 1940 and 1960 (Wells, 1971).
         According to (Andrew, 1975) “cleft lip and palate is the single most common defects affecting the orofacial structures in man.

        Cleft lip (with or without cleft palate) is a disorder originating as failure of fusion of the frontal prominence with the maxillary process at about the seventh week of development, while cleft palate is due to failure of fusion of the secondary palate (Thompson and Thompson, 1979).

     (Lisa and Wilkie, 1989) defined cleft lip with or without cleft palate as a common congenital deformity, although not fatal unless associated with other serious congenital disease, it is an important health problem worldwide

       Cleft lip and palate are the most common congenital craniofacial anomalies evaluated by a plastic surgeon (Kosowski et al., 2012).

1.2. Growth and Development of the midface and palate:
	


The neural crest theory of development holds that neural crest cells, specialized embryonic cells that give rise to various connective and neural tissues of the skull and face, migrate at different rates to form the preliminary palate, If the migration fails to occur, or if there is an absence or inadequacy of related cells, clefts and other facial abnormalities may result (Fraser, 1968).

The growth and development of mid face including the palate of the embryo is as follow:
         The primary palate begins to form during the fifth week with the appearance of the frontonasal process as seen in (fig.1), an area of neural crest cells anterior to the developing brain. The lateral aspect of the frontonasal process will thicken to form the nasal placode. This eventually invaginates to form the nasal pit, which is the precursor to the nostril. The area medial and lateral to the nasal pits are known as the medial and lateral nasal prominences, respectively. During the fifth and sixth weeks of gestation, the medial nasal prominence will fuse with the maxillary prominence, an area of specialized mesenchymal tissue along the anterior mandibular arches (Kosowski et al., 2012). 
        Fusion of the primary palate is complete by the sixth week, so clefts of the primary palate are due to a partial or complete lack of fusion of the maxillary processes, the nasal tip, columella, and philtrum are derived from the medial nasal prominence, the lateral upper lip forms from the maxillary prominence. The lateral nasal prominence will form the nasal alae (Sperber, 2002).

 Cleft lip results from a failure to maintain an epithelial bridge due to lack of mesodermal delivery and proliferation from the maxillary and nasal processes. Isolated clefts of the primary palate occur anterior to the incisive foramen. The secondary palate, which requires midline fusion of lateralized analogous tissues this process begins in the sixth week with the outgrowth of the palatine shelves from the maxillary prominences. Although they initially grow vertically on each side of the tongue, the palatine shelves will change orientation and begin to grow and fuse in the horizontal direction with the anteroinferior dissent of the tongue. Fusion proceeds in a posterior direction from the incisive foramen with the fusion of the maxilla and vomer to form the bony hard palate completed by the ninth week of gestation and This process continues into the 12th week when the soft tissues posterior to the hard palate also meet to form the soft palate. With that being said Lack of fusion of the palatal shelves results in clefts of the secondary palate (Sperber, 2002; Marazita and Mooney, 2004).
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·  various interruptions may occur, which can cause this series of events not to take place, with a resultant cleft palate (Millard, 1980):

1. Increasing upward resistance of the tongue such as in Pierre Robin syndrome where the jaw is small and the tongue is pushed upward between palatal shelves. There is no opportunity then for the shelves to rise over the tongue to meet and fuse.
2. The shelves themselves may be so deficient of mesoderm that they cannot grow and meet.

3. The force to lift the shelves up may not be present 

4. A broad head as in oxycephaly may prove too wide for normal shelves to meet.

5. There may be post fusion rupture.

6. An encephalocele may hang between the shelves proving an insurmountable obstacle.
1.3. Etiology:
Etiologic features of cleft lip and palate differ in the syndromic and non syndromic forms. Non syndromic forms are the best studied and occur in 70% of cases (Jones 1988; Calzolari et al., 2007).        
According to Dixon, et al., 2011, Cleft lip/palate is etiologically heterogeneous with both genetics and environmental contributions.
Many environmental factors have been investigated in epidemiologic studies and these include: (Al-mulla, 2009)
1- Cortisone or ACTH can produce clefts in susceptible animals.

2- Vitamins deficiencies of B6 and folic acid.

3- Anti convulsant such as dilantin drug.

4- Valium in very slight instance.

4-Old age of mothers.

5- Irradiation and stress.

6- Viral infection. 
Genetic susceptibility has long been identified as a major component of cleft lip/palate. Monozygotic twin studies suggest that genetics account for 40-60% of orofacial clefting (Grosen et al., 2011).
        Thus, the complex interplay between genetic and environmental factors undoubtedly play a role in the pathogenesis of CLP, investigation of these interactions may open new avenues of research for prevention and management of CLP (Shkoukani et al., 2013).
1.4. Diagnosis:

        The antenatal diagnosis of facial clefts allows for adequate counseling and planning for pre- natal care and delivery. The first antenatal ultrasound diagnosis of cleft lip and palate was reported in 1981 (Christ and Meininger, 1981). 
Nyberg et al., 1995 suggested an ultrasound classification for oral clefts which describes five types:
Type 1: includes an isolated cleft lip without palate.
Type 2: includes unilateral cleft lip and palate.
Type 3: is bilateral cleft lip and palate.
Type4: is the median cleft. 

Type 5: refers to clefts associated with amniotic bands or limb-body-wall complex.

The detection rate for prenatal diagnosis of oral clefts is dependent on factors such as the experience of the operator, indications for the studies, i.e., risk factors, and gestational age at the time of the study. In addition, in some prenatal ultrasound laboratories, imaging of the fetal face is done routinely, whereas in other laboratories this is not done. Examination of the fetal face in not currently included in the guidelines for performance of the antepartum obstetrical ultrasonographic evaluation published by the American Institute of Ultrasound in Medicine (American institute of ultrasound in medicine 1996).
With improvements in the resolution of ultrasound equipment and technique, craniofacial malformations of the fetus are now identifiable (fig.2) (Berkowitz, 2013), According to Cash et al., in 2001 Even in experienced hands, ultrasound has its limitations in correctly identifying the involvement of the palate studied the detection rate in low risk population in the United Kingdom, the overall detection rate was 65% and the correct diagnosis was made in only 71% of the cases.
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Three- dimensional ultrasound (fig.3) seems to aid in the correct diagnosis of oral clefts. Chen et al., 2001 stated that the accuracy (true positive + true negative) of 3D ultrasound in the diagnosis of oral clefts was 100% versus 29% for 2D ultrasound. 
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1.5. Treatment of cleft lip and palate: 
1.5.1. Early baby feeding plate: 
One of the most immediate concerns after birth of a child with cleft lip and palate is feeding, he/she will have difficulty in obtaining a good seal of the oral cavity due to incomplete facial and palatal structures, nasal regurgitation and choking are common in infants with cleft palate because of inability of the palate to separate the nasal and oral cavities (Agarwal et al., 2010).

With that being said the cleft palate defect needs to be obstructed with a feeding obturator (fig.4) until corrective surgery can be performed, in such a procedure, usually the obturator is rigid and stable. This may cause irritation during swallowing and adaptation is difficult (Kozelj, 2011).
To eliminate this problem EVA (Ethylene vinyl acetate) which is a flexible and durable material that is used for fabrication of night guards was used in the fabrication of the obturator (Masih et al., 2014).
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1.5.2. Goals of surgical repair: 
       The challenges of reconstruction of this facial defromity can be as distinct as the patient presentations of clefts: unilateral versus bilateral, narrow clefts versus wide clefts, syndromic patients versus non-syndromic patients and each patient presents a new challenge to the surgeon attempting to repair the cleft. Yet, the goal of surgery remains the same: addressing the functional and cosmetic deformity of cleft lip (Shkoukani et al., 2013). In order to achieve such goal, the repair should include the creation of an intact and appropriately sized upper lip to compensate for the loss of philtral height on the cleft side, repair of the underlying muscular structure for normal oral competence and function, and primary repair of nasal deformity (Pedraja et al., 2000).
1.5.3. Timing of surgical repair:
        What determines the optimal timing of surgical repair can vary based on surgeon preference, anesthetic risks, comorbid congenital anomalies, and perceived psychological impact on the family. Most surgeons repair the cleft lip around 10–12 weeks of age, The rule of 10’s is still applicable
         It was Millard who proposed the commonly used     “rule of order 10” for the timing of repair stated as weight over 10 lbs, hemoglobin over 10 g, age over 10 weeks (Millard, 1957).
         It was recommended by Wilhelmsen and Musgrave that that repair of cleft lip should take place when the patient reaches the following cut-offs: weight 10 lbs, hemoglobin 10 g/dL, and white blood cell count <10,000 mm3 (Wilhelmsen  and Musgrave, 1966).
          Proponents of early intervention argue that while there is clear evidence of greater anesthetic complications for children under 12 months of age, there is limited evidence showing greater anesthetic risk for neonates as compared to surgery at 3 months of age. It is also proposed that the parents will gain a psychological benefit as their child will have the surgery and look “normal” when they return home. Granted that the child is otherwise healthy, several series have shown that esthetic and anesthetic results are comparable between repair in the neonatal period and repair at a much older age (Galinier et al., 2008).
1.5.4. Adjuncts to surgery:

         A number of adjunctive techniques have been described, which aim to improve surgical outcome, these include presurgical orthopedics as part of the orthodontic treatment, lip adhesion and gingivo-periosteoplasty.     
1.5.4.1. Lip adhesion: 
         Preliminary lip adhesion to transform a complete cleft into an incomplete one (fig.5) was popularised by Randall in the 1960s, It can be defined as a preliminary procedure prior to definitive surgical repair to convert a complete cleft lip into an incomplete ceft so that the final lip repair may be completed with reduced tension and typically performed within the 1st month of age (Randall, 1965).
[image: image5.jpg]




1.5.4.2. gingivo-periosteoplasty:  
         Gingivo-periosteoplasty was first described by Skoog as an alternative to alveolar bone grafting by using flaps to create a periosteal tube in the cleft alveolus, which acts as a matrix to induce bone growth in the defect without the need of donor site(Skoog, 1965).
        Millard and Latham (Millard and Latham, 1990) reported a modification to position the alveolar segments, dissection of the mucoperiosteum out of the cleft and creation of a mucoperiosteal tunnel across the bony gap, setting up a conductive environment for bone formation and eventual tooth eruption in the cleft area. 
        Santiago and Grayson’s group (Santiago et al., 1998) reported that 60% of patients in their series who underwent pre-surgical alveolar moulding and gingivo-periosteoplasty at the time of lip repair did not need any subsequent alveolar bone grafting.
1.5.5. Cleft lip surgery: 
1.5.5.1. Unilateral cleft lip repair: 
         Today, there are many techniques to repair the unilateral cleft lip deformity. Despite the numerous eponymous techniques, all are derived from three basic “methods” for unilateral cleft lip repair: the straight-line technique, the triangular flap technique, and the rotation-advancement technique (Meara et al., 2011) each has its advantages and limitations as seen in Table 1, therefore no individual technique has gained universal acceptance and A surgeon's decision to use a certain repair is most often dependent on his or her training and exposure to the various techniques available (Reddy, 2008)
Table 1: Surgical techniques in cleft lip repair

	Type of repair
	Advantage
	Disadvantage

	Straight-line closure

	1. Appropriate for microform clefts.

2.Rarely used for incomplete and complete clefts
	1. Vertical scar contracture.

2. Sacrifice of normal tissue Notching of the lip Blunting of cupid’s bow.

	Geometric flaps
	1. Appropriate for inexperienced surgeons.

2. Preserves Cupid’s bow Amenable to wide clefts.
	1.Lack of flexibility

2. Scar violates the philtral subunit.



	Rotation-advancement flap
	1.Versatility

2. Minimal tissue loss.

3. Scar is hidden as a new philtral column Creates tension to reduce nasal flare.
	1. Mastered by experienced surgeons. 2. Possible small nostril on cleft side.

3. Extensive undermining necessary Vertical scar contracture.


The earliest publications on cleft lip repair were modifications of the straight-line repair as described by Rose and Thompson they mentioned that the repair technique involves the use of angled incisions made at the opposing cleft margins. The lateral cleft segment is then mobilized to join the medial segment creating a philtral column where the scar lies. Limitations of this technique are the creation of a short upper lip with a notch at the vermillion-cutaneous junction (Rose, 1891; Thompson, 1912).
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Another technique is the triangular flap methods in which Several surgeons such as Tennison, Skoog, and Randall have popularized variations of this technique (Tennison, 1952; Skoog, 1958; Randall, 1959) These repairs recruit tissue from the lateral cleft element by creating a “triangular flap” and inserting this flap into the medial segment. This is a unilimb Z-plasty technique. This method recognizes the common problem of a short lip typical of straight-line closure methods and avoids this complication by elongating the medial segment. It elongates the medial segment by the base dimension of the triangular flap inserted into it. Typically, the triangular flap is placed high in the philtral column just under the columellar-labial junction. The downfall of this technique is it creates an unnatural scar that crosses the philtrum in a highly visible portion of the lip (Meara et al., 2011).
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In 1957, Millard published his preliminary results using a novel method that he referred to as the rotation-advancement method, Since that time, his technique has undergone numerous modifications but still remains the most commonly used technique for unilateral cleft lip repair(Millard 1964). This technique involves the rotation of the medial cleft element, increasing its length and advancement of the lateral cleft element into the back cut near the columellar-labial junction (Agrawal, 2009). In his writings, Millard emphasized the importance of reestablishing symmetry to the lip and nose at the time of the initial lip repair (Millard, 1976).
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1.5.5.2. Bilateral cleft lip repair: 
         Repair of the bilateral cleft lip is often significantly more difficult than the unilateral cleft lip repair due to the presence of the premaxilla and prolabium. The prolabium is oftentimes deficient in muscle and vermillion, is small, and attached to the nasal tip with little or no columella present. The premaxilla also presents a challenge, as it remains highly variable in position and size; it can protrude forward and deviate to one side. The cleft maxillary alveolar arches are also often collapsed (seibert et al., 1993).

The technique of bilateral cleft palate repair involves three stages which are: skin markings, labial dissection and nasal dissection as seen in (fig.9) (Mulliken, 2009).

The first technique was described by Millard (Millard 1967and 1971) and in his traditional repair recruits the vermillion border from the lateral lip element.
Manchester, however, believed that there is adequate vermillion in the prolabium and his repair describes joining the vermillion and white roll to these elements that already exist on the prolabium which avoids lateral lip sacrifice (Manchester, 1965). Byrd subsequently developed a technique that modifies Millard and Manchester technique that minimizes lateral lip sacrifice and augments the tubercle (Byrd et al., 2008).
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Complications include: (Shkoukani et al., 2013)
1- Postoperative hemorrhage.

2- Pneumonia.

3- Breakdown of lip repair.

4- Partial separation of suture line.

1.5.6. Cleft palate surgery:

             In 1862, Bernhard von Langenbeck (Langenbeck, 1862) suggested palatal closure with two bipedicled mucoperiosteal palatal flaps mobilised medially. He maintained the anterior attachment of the mucoperiosteal flap to the alveolar margin to make it a bipedicle flap.
Originally only the cleft edges were incised, a lateral incision was made, the flap was elevated from the hard palate, the palatine musculature was divided and finally the sutures were applied as seen in (fig. 10).
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         Now, we have the Veau-Wardill-Kilner (fig.11) technique, till few years back this procedure was the commonest technique of palatoplasty. In this technique V-Y procedure is performed so that the whole mucoperiosteal flap and the soft palate are retroposed and the palate is lengthened (Wallace, 1987).
However, it leaves an extensive raw area anteriorly and laterally along the alveolar margin with exposed bare membranous bone. The raw area heals with secondary intention. This causes shortening of the palate and results in velopharyngeal incompetence. The raw area adjacent to the alveolar margin also results in alveolar arch deformity and dental malalignment (Agrawal, 2009).
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          Next, there is the Bardach two-flap palatoplasty (fig.12)and this is a modification of the von langenbeck technique in which the incision is made along the cleft margin and the alveolar margin and these are joined anteriorly to free the mucoperiosteal flaps (Agrawal, 2009).
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        Another technique is the double opposing Z-plasty (fig.13) for simultaneous velar closure and lengthening which was introduced by Furlow in 1978 who published the method in 1986; the cleft margin forms the central limb. The muscle is incorporated into the posteriorly based triangular flap on the left side for ease of dissection, the hard palate region is closed by making an incision along the cleft margin, elevating the mucoperiosteum from the medial side and taking advantage of the high arch, the cleft is closed in two layers without making a lateral incision. Furlow described the use of the lateral relaxing incision only when necessary (Furlow, 1986).
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        On transposition of the triangles there is an effective lengthening of the soft palate, the suture line is horizontal and there is good overlap of the levator muscle. Many surgeons claim to have better speech outcome with Furlow repair technique. However, the studies have not proved this objectively. The major objection to the technique is the non-anatomic placement (Agrawal, 2009).
 Four surgical approaches are commonly used to close the palatal cleft: 

 1. Early complete palate repair (3–9 months). Rationale: to achieve maximum speech results with a possible chance of inhibiting midfacial growth and creating severe dental occlusion. This approach favors speech above facial growth and development.
 2. Delayed complete palate repair (12–24months). Rationale: speech results are nearly as good as with earlier repair and the facial growth disturbance is less.
 3. Late complete palate repair (2–5 years). Rationale: to prevent facial-palatal growth inhibition, accepting the poorer speech results. Use of a palatal obturator is needed in most cases.

4. Early lip and soft palate repair (2–9months) and delayed hard palate repair (5–9 years). Rationale: to avoid facial and dental deformity but perhaps still achieve good speech with the aid of an obturator.

(Berkowitz, 2013)

Complications include: (Wiet, 2015)
1- Airway obstruction

2- Bleeding.

3- Palatal fistula.

4- Midface abnormalities.
1.6. Primary alveolar bone grafting: 

         The first attempts at autogenous bone grafting to restore the alveolar cleft were made at the beginning of the last century (Eiselberg 1901; Lexer 1908).

          According to Koberg (Koberg, 1937) the modern era of bone grafting in patients with clefts was introduced by Axhausen (Axhausen, 1952) whose ideas implied a re-establishment of the tooth-bearing function of the cleft site by the use of autogenous graft from the rib or iliac crest which is inserted into the alveolar area by buccal approach.
         Some years after the introduction of primary bone grafting, several studies reported serious impairment of subsequent maxillary growth and bone grafting came to be viewed with great suspicion in most countries (Kriens 1968; Friede and Johanson, 1974).
1.7. Orthodontic Treatment:
1.7.1. Principles of Orthopedic/Orthodontic treatment in CLP patients:

         The following orthodontic treatment phases should be considered as viable options for the individual patient: 
1. Presurgical maxillary orthopedics (0-3 months, used in a few cases only).

 2. Interceptive orthopedics (6–7 years, about 20 % of cleft patients) which involves transverse expansion and protraction (Facial Mask).

 3. Alignment of maxillary incisors prior to secondary alveolar bone grafting.

 4. Secondary alveolar bone grafting of the cleft alveolar process.

 5. Conventional orthodontics in the permanent dentition is always necessary 6. Dental adjustments dependent on prosthodontic or orthognathic surgery needs (17–19 years).
         Individualizing the timing and sequencing of treat- ment is essential due to the wide range of skeletal malformation associated with dental malocclusions. It is of utmost importance to individualize each treatment plan and to revise this plan at different ages of dental and skeletal development, all of which is conveniently based on a diagnosis-related checklist. (Berkowitz, 2013)
1.7.2. Presurgical Orthopedics:
       Presurgical orthopedics refers to all technique prior to cleft repair, such techniques can include parental finger message of the prolabium, tape pressure on the labial segments, intra-oral device fixation, or nasoalveolar molding (Senders, 1993).

      Orthopedic appliance can be generalized into several categories: active versus passive; intraoral versus extraoral; presurgical versus postsurgical (Huebener and liu, 1996).
        Active maxillary appliances move alveolar maxillary segments into approximation with controlled force (fig.14). The Latham appliance was designed to anchor on the non-cleft maxillary segment intraorally and actively reposition the lateral alveolar cleft segments and reduce the protruded maxilla (Georgiade and Latham, 1975).
[image: image14.jpg]




         Passive appliance called Naso-alveolar moulding (NAM) (fig.15) is a technique of early stenting and reshaping of the cleft nose deformity.The technique was first described by Grayson (Grayson et al., 1993)
         The benefits of NAM are numerous. Short-term, the tissues are well aligned prior to primary lip and nose repair, which enables the surgeon to achieve a better and more predictable outcome with less scar tissue formation. Long-term studies indicate that the change in nasal shape is stable (Maull et al., 1999) with less scar tissue and better lip and nasal form. This improvement reduces the number of surgical revisions for excessive scar tissue, oronasal fistulas, nasal, and labial deformities (Lee et al., 2004).
        Nasal stents are utilized and attached to the palatal orthopaedic plate either directly or by wires (fig.16). The patients need frequent follow-up for close monitoring and regular adjustments. The most common complication of this procedure is irritation of skin and nasal mucosa. Special care needs to be taken to avoid necrosis of nasal tissue due to excessive pressure (cobourne, 2012).
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1.7.3. Interceptive orthodontic treatment (Mixed dentition):

         The first intervention aims to correct the maxillary arch transversal deficiency and posterior crossbite, RME (Rapid Maxillary Expansion) with Hyarax or Hass type expanders (fig.17) is initiated when the permenant maxillary canine present formation of half to two thirds of the root.
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           As for the anterior crossbite, if it is dental as observed in individuals with bilateral clefts presenting marked retroclination of the premaxilla and good facial esthetics, the modified quad helix appliance(fig.18)  is used and if both anterior and posterior crossbite exists the treatment plan consists of expansion followed by anterior crossbite correction (Freitas et al., 2012).
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  Mean while, developing skeletal anterior crossbite can be corrected using orthopedic protraction forces ,  the facial mask (fig.19) is used to correct the midfacial retrusion  at this early age(Berkowitz, 2013), the arch increases in width approximately 3mm permonth irrespective of the cleft type (Tindlund et al., 1993).
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1.7.4. Conventional Orthodontics in permanent dentition:

         The orthodontic treatment goals are similar to the general orthodontic principles utilized for non-cleft patients: To establish ideal dental function, facial aesthetics and speech (Berkowitz, 2013).

           As mentioned above the finalization of orthodontic treatment of individuals with clefts is similar to non cleft patients. The dental arches should have been coordinated throughout orthodontic movement, adequate intercuspation with positive overjet and overbite should be accomplished (Freitas et al., 2012).
         Having accepted the skeletal base position, adopting a treatment plan that supports or that creates a class I incisor relationship is crucial,  The lateral incisor is commonly missing or so severely ectopic as to require extraction. Consideration to extracting the contralateral lateral incisor tooth or a premolar will be given, especially, When the lateral incisor is missing, a non-extraction approach is likely to be taken in the maxilla on the cleft side in the unilateral case. where the lateral incisor is to be substituted by the Canine, modification of the shape of the Canine can be undertaken and the lateral space closed, in paitients with alveolar bone graft orthodontic retention needs to be permanent with both removable and fixed techniques, Cleft specialist orthodontists may deliberately keep the upper incisors proclined and in an anterior position, encouraging the creation of increased overjet so as to give additional support for the upper lip.Orthodontic retention for the patient with a bony alveolar cleft needs to be permanent and reinforced with both removable and fixed techniques (cobourne, 2012).
1.8. Secondary Alveolar Bone grafting:
       Secondary alveolar bone graft should be performed in the mixed dentition period following the maxillary expansion (freitas et al., 2012).
       In the 1970s, Boyne and Sands (Boyne and Sands, 1972; Boyne and Sands 1976) published reports on a new technique for alveolar bone grafting and They recommended that only cancellous bone be used and that the procedure be undertaken in the mixed dentition (8-11) years prior to canine eruption. They maintained that osteogenic cells would survive in a fresh autograft and heal rapidly.
       This was confirmed by Albrektson (Albrektsson, 1979) who detected the first vessels in cancellous bone 5–8 days after grafting and by 21 days ob- served that the graft was fully vascularised and exhibited osteogenesis.
        Boyne and Sands (Boyne and sands, 1976) initially presented results of 10 patients who had received this treatment and reported that with close collaboration between surgeon and orthodontist, a completely normal interdental septum could be achieved and the canine could erupt or be orthodontically moved into the new bone.
1.9. Follow up:
       Long term follow up for patients following cleft repair is extremely important. As it stands, esthetic results from definitive surgical repair only come to reveal itself after some time has passed. Therefore it may be necessary for the patient to return to the operating room for revisions to improve function and appearance of the repair (Pham and Senders, 2006)  Deformities following the initial surgeries can range from scars of the mucocutaneous, vermillion, or muscular regions (Cohen, 2004). Recent changes in practices have led to some surgeons to advocate the use of modern medical adhesives as an adjunct technique for skin closure, The same studies have shown that adhesives, like Dermabond, have offers equivalent mature wound cosmesis as traditional suture closure in the repair of cleft lip, and have the added benefit of avoiding additional dressing changes or suture removal under sedation (Collin et al., 2009; Knott et al., 2007).
1.10. Outcomes and Quality of life:

       In most frequently measured quality of life studies, results obtained often depend on many factors and can vary based on types of questionnaires and variables considered (Kramer et al., 2009; Leonard et al., 1991).
       The difficulty in developing an adequate quality of life study for cleft patients lies in the distinct features that must be addressed, including speech, appearance, facial growth, and social impact so a robust quality of life assessment needs to address all these issues (Klassen et al., 2012).

       The Youth Quality of Life Instrument-Facial Differences was found to be the most effective tool for evaluating patients following cleft surgery (Klassen et al., 2008).
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Figure 1: normal development of the mid face and palate (Dixon et al., 2011)








Figure 2: transvaginal ultrasound (Werner, 2006)








Figure 3: 3D ultrasound of infant with unilateral cleft lip (Cuilier, 2012)








Figure 4: Feeding obturator (Rangeeth et al., 2013)








Figure 5: preliminary lip adhesion (Berkowitz, 2013)








Figure 6: Rose-Thompson technique (Patel, 2016)





Figure7: Skoog Repair (Patel, 2016)








Figure 8: Millard technique (Patel, 2016)





Figure 9: bilateral cleft palate repair (Shkoukani et al., 2013)





Figure 10: line diagram of Von Langenbeck  palatoplasty for an isolated cleft palate (Agrawal, 2009)





Figure 11:  Line diagram showing the Veau-Wardill-Kilner technique in the repair of unilateral cleft lip and palate (Agrawal, 2009)





Figure 12: Line diagram showing Bardach two-flap technique of palatoplasty in a bilateral cleft lip and palate (Agrawal, 2009)








Figure 13: Line diagram showing Furlow Z-plasty technique of palatoplasty in a unilateral cleft lip and palate (Agrawal, 2009)





Figure 14: one month after placement of the latham appliance (Berkowitz, 2013)





Figure 15: Naso-alveolar molding appliance (Lee et al., 2008)





Figure 16: NAM appliance placement in a patient with bilateral cleft lip (Lee et al., 2008)








Figure 17: (a) Hass type expander used for maxillary expansion (b) fixed retainer used after RME ((Freitas et al., 2012)





Figure 18: The Use of modified


Quad-Helix Appliance (Berkowitz, 2013)





Figure 19: Protraction Faial Mask Attached to the Quad-Helix by Elastics (Berkowitz, 2013)








