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Cleft lip (with or without cleft palate) is the most common 
congenital malformation, the incidence of which is 0.2 
to 2.3 per thousand newborns [1] and most common in 
boys. Incidence of left cleft lip: right cleft lip: bilateral cleft 
lip is approximately 6:3:1 [2]. Since 390 B.C., deformity 
correction for cleft lip patients has been a formidable 
challenge for plastic surgeons. In the past decades, many 
disciplines, including plastic surgery, have jointly explored 
and made efforts. In spite of many literatures on how to 
correct cleft lip and cleft lip nasal deformity, none of these 
techniques has been widely accepted as the best practice 
at present.

EMBRYOLOGY AND ETIOLOGY

 Embryology

Lip formation occurs between the 4th and 7th weeks 
of pregnancy [3-4]. The primary mouth is the basis of the 
oral cavity and nasal cavity. There are five protrusions 
around the primary mouth, with the top protrusion being 
frontonasal process and protrusions on lateral and tail 
sides being the maxillary process and the mandibular 
process formed by the first parotid arch. The maxillary 
and nasal structures evolve from these structures: the two 
globular processes form the original palate, then gradually 
develop to separate the olfactory sac from the primary 

mouth, and form the columella, the middle part of the 
upper lip and the maxillary incisors in the future; the lateral 
nasal process forms the nasal ala and the bilateral part of 
the external nose; the maxillary process and the median 
nasal process eventually fuse to form the upper lip [5]; 
philtrum is formed by the cells of the maxillary mesoderm 
on both sides of the midline. When the maxillary process 
and the median nasal process (globular process) are 
fused, only one or both sides are partially connected or 
disconnected, then unilateral or bilateral incomplete or 
complete cleft lip appears [1,5].

 Etiology

The pathogenesis of cleft lip has not been fully understood. 
It is generally believed that there are two causes of cleft 
lip. One is genetic factors. If an immediate family member 
has cleft lip, the probability of a mother giving birth to 
a cleft lip baby is higher than that of a mother without 
family history. On the other hand, non-genetic factors 
are generally considered to be associated with nutritional 
deficiency, drug effects, viral infection, maternal negative 
emotion and exposure to radiation during early pregnancy 
[5]. Smoking has long been considered to be closely related 
to cleft lip and has a dose-effect relationship [6]. Drinking 
during pregnancy has been considered as a risk of cleft lip 
and palate, but the increase of incidence is not statistically 
significant [7].
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ANATOMY AND PATHOLOGY

The difficulties in repairing cleft lip and nasal deformities 
lie in the congenital anatomical deformities of cleft lip 
patients, scars left by early cleft lip repair and growth-
related changes, which increase the difficulty of repairing 
cleft lip [8]. Successful repair of cleft lip deformity requires 
a detailed understanding of normal and pathological 
anatomy, as well as the biomechanics of muscles.

Applied Anatomy of Lip and Nose

The upper lip is lined with non-keratinized oral mucosa. 
The front is keratinized vermilion mucosa and hair 
skin. The nodular protuberances in the middle of the 
vermilion mucosa are called vermilion tubercle. The two 
highest points symmetric in the lip arch are called labial 
peaks. The central depression of the upper lip is called 
philtrum concave. Philtrum is composed of symmetrically 
distributed philtrum crests and central depression between 
crests [9]. The orbicularis oris muscle is the main muscle of 
the lip. In the upper lip, the surface fibers of the orbicularis 
oris muscle intersect at the midline and insert into the skin 
of philtrum area. The deeper fibers anchor the muscles 
on the anterior spine of the lower nose, mainly playing the 
role of lip retraction and oral closure [10-12]. The upper lip 
mainly receives blood supply through the branch of facial 
artery, which travels in the orbicularis oris muscle and 
forms a pair of columnar arteries [13].

Pathological Anatomy and Manifestation of 
Unilateral Cleft Lip Nasal Deformity

The main characteristics of unilateral cleft lip nasal 
deformity are asymmetry of nasal tip and alar base [14], 
which is mainly caused by the discontinuity of upper lip 
tissues, loss of maxilla and abnormal pulling of lip and 
nasal muscles. Owing to the existence of cleft lip, the 
orbicularis oris muscle loses its normal circular structure, 
and the broken muscle fibers change from the original 
horizontal direction to the vertical direction, attaching to 
the root of the nasal columella on the affected side and 
the nasal base on both sides of the cleft. The orbicularis 
oris muscle and the periosteum of the pyriform foramen 
on the cleft side are abnormally inserted along the 
base of nose ala, forming a transverse pulling force to 
make the nostril more horizontal [15], which are often 
accompanied by the curvature of the nasal septum. The 
nasal septum was deviated from the caudal side to the 
affected side and from the posterior side to the healthy 
side. Unilateral cleft lip nasal deformity corresponds 
to the severity of cleft lip [16-17]. Common deformities 
are: round nose tip and deflection to the affected 
side, existence of bilateral alar cartilage “separation 
phenomenon”, collapse of the affected alar, flat nostril, 

lateral foot of the alar moving outward and downward, 
short and oblique columella of the affected side to the 
healthy side, and depression of the affected nasal base 
resulting in no obvious nasal sill [8,18,19].

Biomechanics of Muscle Fibers in Unilateral 
Cleft Lip Nasal Deformity

For a long time, many disciplines have never stopped 
exploring how to better correct cleft lip nasal deformity. In 
recent years, for repairing cleft lip nasal deformity from the 
perspective of muscle biomechanics, a new biomimetic 
repair  theory of  muscle biomechanics has been 
established, and a certain therapeutic effect achieved. 
According to the latest theory, lip and nose muscles 
mechanical group is composed of four groups of muscle 
fibers: orbicularis orifice, descending nasal septum, alar 
nasal muscles and alar lip and nose muscle. These four 
groups of muscles and fibers interweave with each other, 
interact and inseparable in the mechanical relationship, 
forming a biomechanical complex of lip and nose muscles. 
The tension of muscle fibers forms three groups of tension 
bands. Among them, the primary tension band and the 
first auxiliary tension band directly affect the width of ala 
nasi, the protrusion of nasal tip, the location of ala nasi, 
the shape of columella nasi and the basal profile of nostril 
[20-23]. From a biomechanical point of view, unilateral cleft 
lip nasal deformity is actually the rupture of the tension 
band of the lip and nose muscles, the absence of the first 
auxiliary tension band on the affected side, the absence of 
a supporting structure at the nasal base, the ectopic nasal 
muscles and orbicularis oris muscles along the nasal base 
to the bottom of the cleft and the root of the columella, 
and the lack of internal traction on the lateral alar of 
the affected side of the nose, resulting in the outward 
movement of the alar foot and the transverse nostril; at 
the edge of the foramen, the cartilage of the pterygoid 
cartilage is pulled, resulting in the collapse of the affected 
alar and deformity of the nasal tip [21].

CLINICAL CLASSIFICATION 

The clinical classification of unilateral cleft lip is of little 
practical value. According to the degree of unilateral cleft 
lip, it can be divided into unilateral complete cleft lip (the 
cleft of the lip reaches the nasal base) and unilateral 
incomplete cleft lip (the cleft of the lip does not reach the 
nasal base). Complete cleft lip has greater influence on 
nasal morphology than incomplete cleft lip. Unilateral cleft 
lip should also include harelip, which is characterized 
by continuous and complete skin of the whole lip, but a 
groove depression can be seen on the upper lip, usually 
without nasal deformity [5]. We should pay attention to 
distinguishing unilateral cleft lip from median cleft lip. 
The median cleft lip is manifested by the middle cleft of 
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upper lip, which is rare. The occurrence of median cleft 
lip seems to be inconsistent with the classical theory of 
failure of fusion in normal combined facial process [24,25]. 
There are few reports about median cleft lip and related 
nasal abnormalities, and the degree of median cleft with 
nasal deformities varies greatly. Personalized treatment is 
needed [26].

PREOPERATIVE ASSESSMENT AND 
REPAIR TIMING STRATEGIES

Preoperative Assessment

Foreign scholars pointed out that infants born with 
cleft lip should be assessed as soon as possible after 
birth in order to provide counseling for family members 
and evaluate the feeding and growth of infants. The 
assessment should involve multiple disciplines, including 
plastic surgeons, language pathologists, feeding experts, 
otorhinolaryngologists, geneticists and pediatricians, 
etc. [26]. Preliminary assessment should be aimed at 
determining whether infants have associated syndromes. 
The anatomical structure of the cleft should be evaluated 
and imaging data be retained. For infants who are in need 
and suitable for preoperative rhinoplasty, preoperative 
rhinoplasty should be recommended. Before surgical 
correction, the width of the cleft should be significantly 
reduced and nasal asymmetry improved by repositioning 
the dislocation structure. Minimizing malformations will 
help us to reduce trauma, improve surgical outcomes and 
achieve minimally invasive treatment [27]. Informed consent 
is required before operation to inform preoperative 
complications of nasal cavity plasty [28]. The most common 
complications are tissue irritation or ulcer. Re-evaluation 
should focus on assessing the general condition of the 
patient, surgical tolerance and planning for the forthcoming 
surgery. For corrective surgery for definite lip nasal 
deformity, apart from assessing the general situation and 
surgical tolerance before operation, emphasis should be 
placed at the characteristics of nasal deformity, whether 
there are obvious skeletal deformity, severe nasal septum 
deviation, obstructive ventilation symptoms, etc. [28], which 
will affect the preparation of surgical instruments and the 
choice of surgical methods, and will also affect the final 
effect of surgery and patient satisfaction.

Repairing Timing

Repair of cleft lip nasal deformity includes primary repair 
of cleft lip and secondary repair of nasal deformity. The 
latter includes intermediate augmentation rhinoplasty 
and definite augmentation rhinoplasty. Intermediate 
rhinoplasty refers to the operation between lip repair and 
definite rhinoplasty, and should be done before nose is 

fully grown. Most surgeons choose to repair unilateral 
cleft lip and nose for the first time when the patient is 3 
to 6 months old. The reason for choosing this time is to 
allow the baby to gain weight, achieve more accurate 
alignment, and bypass the period of high anesthesia 
risk to increase the tolerance of surgery [29]. Haddock 
et al. [30] reported that patients undergoing primary 
cleft lip rhinoplasty had a higher symmetry of nasal tip, 
and needed fewer operations with less complexity in 
secondary rhinoplasty. Moreover, maximizing nasal 
outcomes during the first repair operation can help 
achieve better secondary rhinoplasty results and 
improve patient satisfaction [31]. Nasal septal plasty in 
infants is still a controversial field. Brian K. Hall [32] and 
Aditi Bhuskute [33] summarized the literature. Previous 
animal and clinical studies have shown that nasal septal 
cartilage is the center of facial growth. Periosteum 
preservation plays an important role in the development 
of nasal septal cartilage. The main stage of nasal growth 
occurs in adolescence. If there are obvious functional or 
social problems, conservative surgery to preserve the 
integrity of nasal septum as much as possible may be 
safe before puberty. Intermediate rhinoplasty has two 
different timing strategies [34]. One is when the patient 
is 4 to 6 years old, it may alleviate the psychological 
pressure from peers of the same age; the other is when 
the patient is 8 to 12 years old or after orthodontic and 
alveolar bone transplantation, it can obtain better skeletal 
base, so that serious nasal deformity can be corrected 
for a longer time. When possible, delaying definitive 
rhinoplasty to the end of adolescence is the best option. 
Girls’ facial growth is finished at about 16 years old 
and boys’ at about 18 years old. It is considered safe 
to perform definitive rhinoplasty at this age and later, 
when more active septoplasty, osteotomy and cartilage 
transplantation can be performed without worrying about 
affecting the growth of nose and middle part of the face
[8]. However, the choice of specific surgical methods 
should be personalized, and there is no recognized 
surgical method suitable for all patients.

SURGICAL GOALS AND TECHNIQUES

Surgical Goals

The ultimate goal of repairing unilateral cleft lip nasal 
deformity is to restore the anatomical features of the lip 
and nose, lip function and/or nasal function, to restore 
normal mid-facial anatomical relationship and to obtain 
long-term symmetry. The primary repair technique of cleft 
lip mainly restores lip function, maximizes nasal results 
as far as possible, produces favorable scar shape, 
reduces the number of secondary rhinoplasty operations 
and the complexity of surgery [35,36]. The main purpose of 
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intermediate rhinoplasty is to improve symmetry, improve 
ventilation dysfunction caused by severe nasal deformity, 
alleviate patients’ psychological pressure and improve 
patients’ quality of life [35]. The goal of definite rhinoplasty 
is to restore the aesthetics and function of the nose.

Surgical Technologies

The primary repair of unilateral cleft lip nasal deformity 
is mainly focused on lip repair, which is composed 
of closure suture, rectangular flap, triangular flap, 
Millard operation and modified Noordhoff operation 
[37,38]. Lip repair technology will not be discussed here. 
Over the past decades, more and more doctors have 
acknowledged the primary cleft lip repair and nasal 
deformity repair at the same time. Most surgeons choose 
the open surgical method [1,8,32,39], which is convenient 
to expose the tissue structure to the maximum extent 
and easy to suture and implant. To avoid the transverse 
incision of nasal columella, the incision along the medial 
edge of nasal alar is usually designed; the skin of nasal 
alar, nasal tip, nasal dorsum and medial nasal mucosa 
is fully separated along the nasal alar cartilage on the 
affected side, and the abnormal muscle tissue attachment 
of nasal alar cartilage on the affected side is relieved or 
the nasal alar collapse on the affected side is corrected 
by suspending the nasal alar to the contralateral nasal 
cartilage on the affected side. Abnormal fibrous tissue 
attachment of cartilage, suture of orbicularis oris muscle 
of affected side to anterior nasal crest and caudal 
edge of nasal septum (horizontal mattress suture is 
recommended [40]) and suture of alar cartilage fornix of 
healthy side after release of alar cartilage of affected side 
are important for improving columella deflection, lack 
of columellar length and nasal tip deflection of affected 
side. The bone defect caused by dysplasia of jaw and 
pyriform foramen on the affected side was shown as the 
improvement of depression at the base of nasal alar on 
the affected side. Unlike the final definitive rhinoplasty, 
most scholars are in favor of conservative surgery for the 
primary correction of unilateral cleft lip nasal deformity 
in the initial stage, and do not recommend destructive 
surgery to improve the deformity. Of course, some 
scholars believe that operation method should be chosen 
according to the degree of deformity. Those with severe 
deformity may consider improving the deformity through 
transplantation to alleviate the psychological pressure. 
Unilateral cleft lip rhinoplasty is similar to the primary 
repair, and conservative surgery is the main method to 
solve severe nasal obstruction or unsolved deformity 
caused by deviation of nasal septum or severe emotional 
distress caused by peer pressure in children [8]. 
Definite rhinoplasty for unilateral cleft lip nasal deformity 
(Phase II surgery) is performed in different ways [41-44]. 

Autogenous cartilage and prosthesis are often used 
to help correct the deformity in order to obtain perfect 
nasal shape such as nasal dorsum, tip, columella and 
even nasal sill. In order to improve the shape of nasal tip 
and columella deformity, ear cartilage or nasal septum 
cartilage should be cut to improve the shape of nasal tip 
and columella deformity. If the shape of nasal dorsum is 
not good enough and the patient has strong desire, the 
deformity can be corrected by autologous costal cartilage 
or prosthesis plasticity. According to the degree of nasal 
alar basal depression, the nasal sill should be filled with 
upper lip scar tissue or autologous cartilage or prosthesis 
transplantation to improve the patient’s satisfaction. In 
recent years, the concepts of biomimetics, mechanics 
and anatomical subunit are very common in literatures. 
Using biomechanics to reconstruct the biomechanical 
complex of lip and nose muscles can achieve the effect 
of anatomical repair without autologous cartilage and 
prosthesis transplantation. This may become a hotspot 
in the following repair of cleft lip nasal deformity, but its 
effect still lacks long-term efficacy evaluation from large 
sample random control group test.

POSTOPERATIVE NURSING

Postoperative use of nasal model is preferred for at least 
6 weeks, ideally 3 months. Inform patients and family 
members of the effectiveness and use of nasal model in 
advance before operation. The appropriate size should be 
worn immediately after leaving the operation room, and 
the stent should be close to the mucosa, which can exert 
the effect of compression hemostasis to a certain extent. 
Instruct patients or family members to remove nasal 
model every day for cleaning, and teach them how to 
replace the mold. If possible, when the swelling subsides 
around 7 days after surgery, replacing a nasal model of 
more suitable size can help to shape the nostril and scar 
contracture [1,46].

EVALUATION OF SURGICAL EFFECTS

Anthropometry is the measurement of individual 
human beings. Dr. Leslie Farkas, father of medical 
anthropometry, and his colleagues [47,48] provide standard 
measurements of lips and noses. Indicators can be 
measured directly or indirectly. In the existing literatures, 
the objective evaluation mainly centers on symmetry. The 
evaluation of unilateral cleft lip nasal deformity involves 
such measurement indexes as lip height, lip length, nasal 
width, columella width, nasal tip height, bilateral alar width, 
nostril width, columella length, as well as the oblique 
angle of nasal dorsal middle axis, columella oblique 
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angle, nasal alar basal depression degree and nostril area 
[39,49,50]; the subjective evaluation is mainly about the 
satisfaction of surgery, the improvement of quality of life, 
the improvement of nasal ventilation obstruction and so on 
by questionnaire or scale sheet [6,7,29].

Objective Evaluation

Objective evaluation-Direct anthropometry:  it is a 
direct measurement of surface size. The measurement of 
unilateral cleft lip nasal deformity is usually carried out by 
using millimeter scale alone or combined with sub-rules. It 
is the most accurate measurement in the operating room 
under general anesthesia, but it needs experience and 
patient’s cooperation very much, and it is more suitable for 
measurement with skeletal markers on the body surface 
and yet difficult to be identified in photos. Because of 
the deformability of soft tissues, the direct measurement 
error is increased. This method is simple, non-invasive, 
low equipment cost and easy to be widely accepted. Its 
shortcoming is that it needs training and experience, and 
data is not easy to copy [50].

Objective evaluation-Indirect anthropometry: it includes 
two-dimensional measurement and three-dimensional 
measurement. It is a two-dimensional measurement 
method to measure the shape characterist ics of 
nose by plane photographs, and to compare them by 
measuring tools or computer and application software. 
The photographs are easy to be obtained and recorded 
permanently. This method needs to fix the head position, 
standardize the image and set the linear standard 
measurement and calibration. Unfortunately, there may be 
errors in defining bone markers, and fewer measurement 
results can be obtained from photographs than from direct 
methods. Two-dimensional photography is suitable for 
distinguishing scale and angle, but it is difficult to measure 
the distance and angle accurately. This problem can be 
eliminated mainly by constructing the ratio of measurement 
[50]. Three-dimensional anthropometry includes stereo 
photogrammetry [53], laser surface scanning [54] and three-
dimensional photogrammetry [55]. This technology has been 
favored as an alternative to direct anthropometry because 
images can be captured in only 3.5 milliseconds with 
high accuracy. Wong and his colleagues [56] used three-
dimensional photography to evaluate the effectiveness 
and reliability of nasolabial groove anthropometry 
compared with direct anthropometry. It is found that the 
linear measurements are highly correlated and the overall 
accuracy of 3D measurements is within 1mm of the direct 
measurements.

Subjective Evaluation

The subjective evaluation of unilateral cleft lip nasal 

deformity in the existing literature mainly focuses on 
the following four points [57-59]: (1) nasal morphology 
satisfaction: both doctors and patients, even the third 
party, participate in the evaluation of nasal morphology, 
and score the nasal morphology before and after 
operation by naked eye observation. Generally, the 
percentile system is adopted with three grades, namely, 
satisfied “80-100 points”, basically satisfied “60-80 points”, 
and dissatisfied “lower than 60 points”. (2) Quality of life: 
adolescent quality of life-facial difference questionnaire, 
pediatric voice-related quality of life survey, children’s 
oral health impact profile and children’s oral health 
quality of life scale were used to assess the quality of 
life of patients. The influence of cleft lip nasal deformity 
on patients’ life was also discussed. According to the 
attention to the appearance of the nose, patients’ quality 
of life was assessed, which was divided into five grades: 
very frequent “0”, frequent “1”, medium “2”, slightly “3”, 
and no “4”. (3) Ventilation function: for the evaluation 
of the ventilation function of unilateral cleft lip nasal 
deformity, the “NOSE” score was often used clinically, 
and also through the objective evaluation of cavity. (4) 
Psychological impact: Generally, scoring scale is used 
to assess the psychological impact of the disease on 
patients.

Significance of Surgical Effect Evaluation 

The surgical effect is an important means to evaluate the 
technique of repairing unilateral cleft lip nasal deformity. It 
is of great significance for preoperative treatment, design 
of operation plans and postoperative effect observation. 
In anthropometric measurement, nose provides objective 
data on the shape and size of the external nose, and 
objective evaluation is helpful to answer important clinical 
questions in the study. For example, many surgeons 
initially believed that primary rhinoplasty would interfere 
with nasal growth, but now anthropometric studies have 
shown that primary rhinoplasty does not interfere with 
nasal growth, but rather promote nasal growth balance. 
It is also an objective tool for investigating whether 
reconstruction of the nasal cavity and sinus has any 
harmful effects on the nose and the middle part of face 
in pediatric operations. It also plays an important role in 
objective assessment and description of malformation 
syndrome [60,61]. Improvement of patient’s facial appearance 
is the common goal of all kinds of clinicians. Improvement 
of plans requires guidel ines or some universal ly 
recognized “ideal” facial ratio [62]. However, these values 
should not be interpreted as treatment objectives, but 
should only contribute to treatment planning. According to 
the needs and expectations of each patient, the surgeon’s 
assessment of the face is very important in planning 
plastic surgery, but clinical impressions alone can be 
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misleading [63]. Therefore, it is advocated that objective 
evaluation combined with subjective evaluation should 
be used as far as possible to guide the diagnosis and 
treatment of diseases.

CONCLUSIONS AND PROSPECTS

Due to the potential complexity of the shape and function 
of the nose and the residual scar, the repair of cleft lip 
nasal deformity is still a challenging problem. The diversity 
of the surgical methods of cleft lip nasal deformity further 
verifies the difficulty of this kind of repair. Complete 
correction of all nasal defects is still a difficult goal for 
many people to achieve. A thorough understanding of 
deformities and their correction methods is the basis for 
successful reconstruction. Future research needs more 
subjective and objective results measurements. Consistent 
anthropometry can accurately assess and report long-term 
results. Such reports are needed to guide perioperative 
care and validate the best repair principles, and to resolve 
persistent disputes.

REFERENCES
[1] Monson L A , Kirschner R E , Losee J E . Primary Repair of Cleft 

Lip and Nasal Deformity[J]. Plastic and Reconstructive Surgery, 
2013, 132(6):1040-1053.  DOI:10.1097/PRS.0b013e3182a808e6

[2] Gutowski, Karol A . Grabb & Smiths Plastic Surgery, 6th 
Edition[J]. Plastic and Reconstructive Surgery, 2007, 120(2):570. 
DOI：10.1097/01.prs.0000238227.88345.ae

[3] Mossey P A , Little J , Munger R G , et al. Cleft lip and palate.
[J]. Otolaryngologic Clinics of North America, 2017, 40(1):27-60.
DOI：10.1007/s00292-017-0313-x

[4] Diewert VM. Development of human craniofacial morphology 
during the late embryonic and early fetal periods. Am J Orthod 
1985;88(1):64–76. DOI:10.1016/0002-9416(85)90107-1

[5] Wang Wei. Plastic Surgery [M]. Hangzhou: Zhejiang Science 
and Technology Publishing House,1999:657-658.

[6] Chung KC, Kowalski CP, Kim HM, Buchman SR. Maternal 
cigarette smoking during pregnancy and the risk of having a child 
with cleft lip/palate. Plast Reconstr Surg. 2000;105:485–491. 
DOI：10.1097/00006534-200002000-00001

[7] Romitti PA, Sun L, Honein MA, Reefhuis J, Correa A,Rasmussen 
SA. Maternal periconceptional alcohol consumptionand risk 
of orofacial clefts. Am J Epidemiol. 2007;166:775–785. DOI：
10.1093/aje/kwm146

[8] Pawar S S, Wang T D. Secondary cleft rhinoplasty.[J]. 
Jama Facial Plastic Surgery, 2014, 16(1):58.DOI：10.1001/
jamafacial.2013.1562

[9] Tse R. Unilateral cleft lip: principles and practice of surgical 
management. Semin Plast Surg 2012;26:145–155. DOI：10.1055/
s-0033-1333884

[10] Br ied is  J ,  Jackson IT.  The anatomy of  the phi l t rum: 
Observations made on dissections in the normal lip. Br J Plast 
Surg.1981;34:128–132. DOI：10.1016/S0007-1226(81)80077-X

[11] Hwang K, Kim DJ, Hwang SH. Musculature of the pars 
marginalis of the upper orbicularis oris muscle. J Craniofac 
Surg.2007;18:151–154.DOI：10.1097/01.scs.0000248649.77168.
ec

[12] Nicolau PJ. The orbicularis oris muscle: a functional approach 
to its repair in the cleft lip. Br J Plast Surg 1983;36(2):141–53. 
DOI:10.1016/0007-1226(83)90081-4

[13] Zhang KQ. Artery supply of the lip and palate in normal and 
cleft patients (in Chinese). Chinese Journal of Stomatology 
1994;29:30–33. PMID:7995132

[14] Sykes JM, Jang YJ. Cleft lip rhinoplasty.Facial Plast Surg Clin 
North Am. 2009;17(1):133-144. DOI:10.1016/j.fsc.2008.10.002

[15] Mulliken JB, Martínez-Pérez D. The principle of rotation 
advancement for repair of unilateral complete cleft lip and nasal 
deformity: Technical variations and analysis of results. Plast 
Reconstr Surg. 1999;104:1247–1260. DOI:10.1097/00006534-
199910000-00003

[16] Stenstrom SJ, Oberg TR. The nasal deformity in unilateral cleft 
lip: some notes on its anatomic bases and secondary operative 
treatment. Plast Reconstr Surg 1961;28(3):295–305. DOI：
10.1097/00006534-196109000-00009 

[17] McComb H. Primary correction of unilateral cleft lip nasal 
deformity: a 10-year review. Plast Reconstr Surg 1995;75(6):791-
797. DOI：10.1097/00006534-198506000-00004

[18] WANG Chuanning, WANG Zhiming, ZHANG Liping, et al. 
Clinical research progress of unilateral cleft lip nasal deformity[J].  
Chinese Journal of Aesthetic and Plastic Surgery,2010, 
21(5):307-309.DOI：10.3969/j.issn.1673-7040.2010.05.018

[19] Fisher M D , Fisher D M , Marcus J R . Correction of the Cleft 
Nasal Deformity : From Infancy to Maturity[J]. Clinics in Plastic 
Surgery, 2014, 41(2):283-299. DOI:10.1016/j.cps.2014.01.002

[20] Wu J , Yin N . Detailed Anatomy of the Nasolabial Muscle in 
Human Fetuses as Determined by Micro-CT Combined With 
Iodine Staining[J]. Annals of Plastic Surgery, 2014, Publish 
Ahead of Print:111-116.DOI:10.1097/SAP.0000000000000219

[21] Bo C, Ningbei Y. Reconstruction of upper lip muscle system by 
anatomy, magnetic resonance imaging, and serial histological 
sections.[J]. Journal of Craniofacial Surgery, 2014, 25(1):48-54：
DOI：10.1097/SCS.0000000000000496

[22] YIN Ningbei.Muscle Biomechanical Understanding and 
Biomechanical Biomimetic Correction of Secondary Nasal 
Deformities in Cleft Lip

[J]. Chinese Journal of Aesthetic and Plastic Surgery, 2018(4):193-
196.DOI：10.3969/j.issn.1673-7040.2018.04.001[23] 
Yin N, Wu J, Chen B, et al. Muscle Tension Line Concept 
in Nasolabial Muscle Complex-Based on 3-Dimensional 
Reconstruction of Nasolabial Muscle Fibers[J]. Journal of 
Craniofacial Surgery, 2015, 26(2):469-472.DOI:10.1097/
scs.0000000000001459

[24] Enzan H, Hara H, Izumi T, et al. Morphologic and radiological 
observations on the earliest bone marrow formation in human 
embryos and fetuses.[J]. Pathology International, 2010, 
33(3):439-446.DOI：10.1111/j.1440-1827.1983.tb00351.x

[25] His E. Observations on the History of Noses and Formation in 
the Human Embryo [in German]. Leipzig, Germany: Kgl Sach 
Akad Wiss,1901:27 DOI：10.1007/978-3-642-65438-1_3

[26] Kolker AR , Sailon A M , Meara J G , et al. Midline Cleft Lip and 
Bifid Nose Deformity[J]. Journal of Craniofacial Surgery, 2015, 
26(8):2304-2308. DOI:10.1097/scs.0000000000002229

[27] Smith KS , Henry B T , Scott M A . Presurgical Dentofacial 



42 CJPRS

Chinese Journal of Plastic and Reconstructive  Surgery  Vol.1 No.1(Total No.1)Mar2019

Orthopedic Management of the Cleft Patient[J]. Oral and 
Maxillofacial Surgery Clinics of North America, 2016, 28(2):169-
176.DOI:10.1016/j.coms.2016.01.003

[28] Carlson ER, Sims P G. Preface to the fifth edition. AAOMS 
Parameters of Care 2012.[J]. Journal of Oral & Maxillofacial 
Surgery Official Journal of the American Association of Oral 
& Maxillofacial Surgeons, 2012, 70(3):1-11.DOI:10.1016/
j.joms.2012.08.013

[29] Funamura JL, Sykes J M. Pediatric Septorhinoplasty[J]. Facial 
Plastic Surgery Clinics of North America, 2014, 22(4):503-508.
DOI:10.1016/j.fsc.2014.07.005

[30] Haddock NT, McRae MH, Cutting CB.Long-term ef f ect of 
primary cleft rhinoplasty on secondary clef t rhinoplasty in 
patients with unilateral clef t lip-clef t palate. Plast Reconstr 
S u r g .  2 0 1 2 ; 1 2 9 ( 3 ) : 7 4 0 - 7 4 8 .  D O I : 1 0 . 1 0 9 7 /
prs.0b013e3182402e8e

[31] Zbar RI, Canady JW. An ev idencebased approach to secondary 
clef t lip nasal deformity . Plast Reconstr Surg.2011;127(2):905-
909. DOI:10.1097/prs.0b013e31820463be

[32] Bhuskute A , Sumiyoshi M , Senders C . Septorhinoplasty in 
the Pediatric Patient[J]. Facial Plastic Surgery Clinics of North 
America, 2016, 24(3):245-253. DOI:10.1016/j.fsc.2016.03.003

[33] Hall B K , Precious D S . Cleft lip, nose, and palate: the nasal 
septum as the pacemaker for midfacial growth[J]. Oral Surgery, 
Oral Medicine, Oral Pathology and Oral Radiology, 2013, 
115(4):442-447.DOI:10.1016/j.oooo.2012.05.005

[34] Wang TD. Secondary rhinoplasty in unilateral clef t nasal 
deformity . Clin Plast Surg. 2010;37(2):383-387. DOI:10.1055/
s-2007-979281

[35] Chang CS, Por YC, Liou EJ, et al. Long-term comparison of 
four techniques for obtaining nasal symmetry in unilateral 
complete cleft lip patients: a single surgeon’s experience. 
Plast Reconstr Surg2010;125:1276-1284. DOI:10.1097/
PRS.0b013e3181ec21e4

[36] Barillas I, Dec W, Warren SM, et al. Nasoalveolar molding 
improves long-term nasal symmetry in complete unilateral cleft 
lip-cleft palate patients.Plast Reconstr Surg 2009;123:1002-
1006. DOI：10.1097/prs.0b013e318199f46e

[37] Thomas, Chona. Primary Rhinoplasty by Open Approach 
With Repair of Bilateral Complete Cleft Lip[J]. Journal of 
Craniofacial Surgery, 2009, 20(Suppl 2):1715-1718.DOI10.1097/
scs.0b013e3181b3ef2c

[38] 3Rd D A , Kawamoto H K , Katchikian H V , et al. Microform 
cleft  l ip repair with intraoral muscle interdigi tat ion[J]. 
Annals of Plastic Surgery, 2009, 62(6):640-4.DOI:10.1097/
SAP.0b013e318180c8fa

[39] Vyas R M, Warren S M. Unilateral cleft lip repair.[J]. Clinics 
in Plast ic Surgery, 2014, 41(2):165-177.DOI:10.1016/
j.cps.2013.12.009

[40] Wolfe S A , Nathan N R , Macarthur I R . The Cleft Lip Nose: 
Primary and Secondary Treatment.[J]. Clinics in Plastic Surgery, 
2016, 43(1):213-221.DOI:10.1016/j.cps.2015.09.008

[41] Leach L , Shamil E , Malata C M . Indications and Long-term 
Outcomes of Open Augmentation Rhinoplasty with Autogenous 
L-shaped Costal Cartilage Strut Grafts - A Single Plastic 
Surgeon’s Experience[J]. Otolaryngologia polska = The Polish 
otolaryngology, 2018, 72(3):26.DOI:10.5604/01.3001.0011.7258

[42] Cheon Y W , Park B Y . Long-term evaluation of elongating 
columella using conchal composite graft in bilateral secondary 
cleft lip and nose deformity[J]. Plastic & Reconstructive Surgery, 

2010, 126(2):543.DOI:10.1097/prs.0b013e3181e0969a
[43] Kim W S , Kim C H , Yoon J H . Premaxillary augmentation 

using autologous costal cartilage as an adjunct to rhinoplasty.
[J]. Journal of Plastic Reconstructive & Aesthetic Surgery, 2010, 
63(9):e686-e690.DOI:10.1016/j.bjps.2010.04.007

[44] AN Yang,LI Dong.Advances in treatment of secondary nasal 
deformities after unilateral cleft lip repair[J].Chinese Journal of 
Aesthetic and Plastic Surgery,2017,28(9):569-571.DOI:10.3969/
j.issn.1673-7040.2017.09.022

[45] Hanyao H , Xiangyou L , Xu C , et al. Biomechanical simulation 
of correcting primary unilateral cleft lip nasal deformity[J]. PLOS 
ONE, 2018, 13(6):1-12.DOI:10.1371/journal.pone.0199964

[46] SONG Zhiyong, LI Xiaolin, WU Guohui,et al.Comparison 
with nasal septal cartilage and costal cartilage in the cleft 
lip nasal deformity[J].CHINESE JOURNAL OF AESTHETIC 
M E D I C I N E , 2 0 1 0 , 1 9 ( 1 0 ) : 1 4 4 9 - 1 4 5 5 . D O I ： 1 0 . 3 9 6 9 /
j.issn.1008-6455.2010.10.017

[47] Shott SR, Assistant Professor. Anthropometry of the head and 
face: Editor: Leslie G. Farkas Raven Press, New York, NY, 
1994[J]. International Journal of Pediatric Otorhinolaryngology, 
1995, 33(2):187–188.

[48] Farkas LG, Posnick JC, Hreczko TM, et al. Growth patterns of the 
nasolabial region: a morphometric study. Cleft Palate Craniofac J 
1992;29:318–24.DOI:10.1016/0165-5876(95)90038-1

[49] ZHANG Lei, LU Li, LI Zeng-jian,et al. Classification and surgical 
management of secondary nasal deformity of unilateral cleft 
lip[J]. CHINESE JOURNAL OF PLASTIC SURGERY, 2010(6):409-414.
DOI：10.3760/cma.j.issn.1009-4598.2010.06.003

[50] Doddi NM, Eccles R. REVIEW: The role of anthropometric 
measurements in nasal surgery and research: a systematic 
review[J]. Clinical Otolaryngology, 2010, 35(4):277-283.
DOI:10.1111/j.1749-4486.2010.02169.x

[51] Fisher MD , Fisher DM , Marcus JR . Correction of the Cleft 
Nasal Deformity : From Infancy to Maturity[J]. Clinics in Plastic 
Surgery, 2014, 41(2):283-299.DOI:10.1016/j.cps.2014.01.002

[52] HE Lin, LIU Xiang-yu, Yu Xue-yuan, et al.Clinical efficacy 
of novel ‘umbrella’ autogenous graft in secondary cleft 
rhinoplasty[J].Chinese Journal of Medical Aesthetics and 
Cosmeto logy ,2018,24(3) :162-165.DOI :10.3760/cma.
j.issn.1671-0290.2018.03.006

[53] Meintjes E.M., Douglas T.S., Martinez F. et al. (2002) 
A stereophotogrammetric method to measure the facial 
dysmorphology of children in the diagnosis of fetal alcohol 
syndrome. Med. Eng.Phys. 24, 683–689. DOI：10.1016/s1350-
4533(02)00114-5

[54] Duffy S., Noar J.H., Evans R.D. et al. (2000) Three-dimensional 
analysis of the child cleft face. Cleft Palate Craniofac. J. 37, 137-
144 .DOI:10.1597/1545-1569(2000)0372.3.CO;2

[55] Jacobs R.A. (2001) Three-dimensional photography. Plast. 
Reconstr. Surg. 107, 276-277 .DOI:10.1097/00006534-
200101000-00049

[56] Wong JY, Oh AK, Ohta E, et al. Validity and reliability of 
craniofacial anthropometric measurement of 3D digital 
photogrammetric images. Cleft Palate Craniofac J 2008;45:232-
239. DOI：10.1597/06-175

[57] Spiekermann C, Savvas E, Rudack,et al. Development and 
Validation of a Brief Four-Component Questionnaire to Identify 
Patient’s Motivation to Undergo Functional Rhinoplasty.Facial 
Plast Surg. 2018 Aug;34(4):350-355.DOI:10.1155/2017/9126560


