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Abstract

Micrognathia is a common craniofacial deformity which represents hypoplastic development of the mandible, accompanied
by retrognathia and consequent airway problems. Usually, micrognathia is accompanied by multiple systematic defects,
known as syndromic micrognathia, and is in close association with genetic factors. Now, large quantities of pathogenic
genes of syndromic micrognathia have been revealed. However, how these different pathogenic genes could lead to similar
phenotypes, and whether there are some common characteristics among these pathogenic genes are still unknown. In this
study, we proposed a genetic-phenotypic classification of syndromic micrognathia based on pathogenic genes information
obtained from Phenolyzer, DAVID, OMIM, and PubMed database. Pathogenic genes of syndromic micrognathia could be
divided into four groups based on gene function, including cellular processes and structures, cell metabolism, cartilage and
bone development, and neuromuscular function. In addition, these four groups exhibited various clinical characteristics, and
the affected systems, such as central nervous system, skeletal system, cardiovascular system, oral and dental system,
respiratory system and muscle, were different in these four groups. This classification could provide meaningful insights into
the pathogenesis of syndromic micrognathia, and offer some clues for understanding the molecular mechanism, as well as
guiding precise clinical diagnosis and treatment for syndromic micrognathia.

Introduction Pierre Robin syndrome [1]. Previous researchers have made
meaningful attempts at classifying this usual but etiologi-

As one of the most common craniofacial deformities, cally complex malformation. Pruzansky proposed the first

micrognathia represents hypoplastic development of the
mandible, accompanied by retrognathia and consequent
airway problems, which will greatly damage patients’
appearance and even bring great risk for children survival.
Micrognathia could occur independently, but usually is
associated with different syndromes, such as Cerebro-
oculofacio-skeletal syndrome, Meier—Gorlin syndrome and
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nosology of mandibular anomaly in patients with hemifacial
microsomia based on morphologic changes [2]. Davinder
et al. summarized that mandibular hypoplasia can be clas-
sified into three groups: congenital, developmental and
acquired [1]. However, there was no systematic and com-
prehensive classification of syndromic micrognathia based
on genetic mechanisms. Many mutant genes of syndromic
micrognathia, such as SOX9, PIEZO2, TCOFI and EZH?2,
have been found in recent years [3-6], which provides
potential chances to gain deeper insights into syndromic
micrognathia. As we know, these different pathogenic
genes have different functions, and different syndromic
micrognathia is accompanied by different affected systems.
Whether there are some common characteristics among
these genes, and the exact differences of phenotypes among
different syndromic micrognathia need further investiga-
tion. In this study, we propose a comprehensive and flexible
classification of syndromic micrognathia based on different
gene functions and phenotypic characteristics, which would
provide useful insights for genetic aspects of syndromic
micrognathia and could offer helpful guidance in clinical
diagnosis and treatment.
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Materials and methods
Study design

Firstly, collection of pathogenic genes of micrognathia was
performed. Then functional enrichment analysis of these
genes was performed to identify significant gene functional
classification. A genetic classification of syndromic micro-
gnathia was then proposed based on different functions of
pathogenic genes. Finally, the phenotypic characteristics of
syndromic micrognathia among different classification
groups were analyzed (Fig. 1).

Identification of pathogenic genes of syndromic
micrognathia

Possible pathogenic genes of syndromic micrognathia were
retrieved online using Phenolyzer (http:/phenolyzer.usc.
edu), a tool to prioritize human disease genes based on
disease or phenotype information provided by users as free
text [7]. We queried for possible pathogenic genes of syn-
dromic micrognathia with the term “micrognathia”. By 8
September 2018, a total of 582 seed genes were found by
Phenolyzer. Phenolyzer also adapts a machine learning
model that integrates multiple features to score and prior-
itize all candidate genes.

As Phenolyzer uses an algorithm to predict previously
unknown disease genes, we further evaluated these seed
genes of syndromic micrognathia through references and
Online Mendelian Inheritance in Man (OMIM, http://www.
ncbi.nlm.nih.gov/omim), which is a comprehensive,
authoritative and timely knowledgebase of human genes
and genetic disorders [8]. To exclude the unconfirmed
genes, an exclusion criteria was adopted. Genes responsible
for diseases which do not have the typical manifestation of
micrognathia, or syndromes without clear genetic patho-
genesis, or chromosomal abnormalities without definite
pathogenic genes were excluded. Predicted genes without
reference or solid evidence support were also excluded. The
rest of seed genes were designated as pathogenic genes of
syndromic micrognathia, and were used for further analysis.

Functional enrichment analysis of pathogenic genes
of syndromic micrognathia

The database for annotation, visualization and integrated
discovery (DAVID) bioinformatics resources integrate
useful analytic tools for functional enrichment analysis,
such as Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) databases. DAVID could
systematically extract biological meaning from large gene/
protein lists. The submitted gene list could also be divided
into several groups by DAVID based on their enriched and
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Fig. 1 Study outline. Pathogenic genes of syndromic micrognathia
were firstly collected. Then functional enrichment analysis was per-
formed to identify significant biological processes and molecular
functions of these genes. A genetic classification of syndromic
micrognathia was then proposed based on different functions of
pathogenic genes. Finally, the phenotypic characteristics of syndromic
micrognathia were analyzed

Classification of
Syndromic Micrognathia

pertinent biological features [9]. We performed a systematic
analysis of the syndromic micrognathia related genes using
DAVID. Firstly, we went to the DAVID website (http://da
vid.abcce.nciferf.gov/home.jsp) and copied pathogenic genes
of syndromic micrognathia as input gene list. The official
gene symbol was selected as the gene identifier type and the
annotations were limited to Homo sapiens. Default setting
was used as gene population background. The gene list was
then submitted and we used DAVID’s analytic modules to
perform a systematic evaluation.

Classification of pathogenic genes of syndromic
micrognathia and phenotypic analysis

Each pathogenic gene of syndromic micrognathia was
classified into different groups according to the major
function of the gene and its possible role in the patho-
genesis of micrognathia, which was retrieved on PubMed
(http://www.ncbi.nlm.nih.gov/PubMed). The results of
functional enrichment analysis were also used as
references.

The phenotypic characteristics of each syndrome in
association with micrognathia were obtained by collecting
information from the “Clinical Synopsis” part of each dis-
ease on OMIM or references. Statistical analyses on phe-
notypic differences among groups were then performed.
The number of times of a certain type of systematic defects,
such as skeletal defects, cardiovascular defects and pul-
monary defects, was calculated in different groups. The
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rates of these systematic defects were determined in terms
of patients with a certain systematic defect compared to
total syndromic micrognathia patients. The rates of these
systematic defects in different groups were also calculated,
and statistical analysis was carried using Pearson’s chi-
squared test. P values were adjusted with FDR method. All
statistical analyses were performed with SPSS software
(version 24.0 for Windows, IBM Corp., Armonk,
NY, USA).

Results

Identification of pathogenic genes of syndromic
micrognathia

Phenolyzer provided a list of 582 seed genes, as well as
their corresponding diseases according to our query term
“micrognathia”. A thorough evaluation of the candidate
gene list was then performed through searching function of
each gene and their corresponding diseases on OMIM.
Genes that were unrelated to micrognathia, or genes related
to syndromes without a definite pathogenesis and chromo-
somal abnormalities were excluded. If the gene’s function

was not confirmed, more information from published
reference for further evaluation will be performed. Totally,
325 pathogenic genes and 172 syndromes were confirmed
in association with syndromic micrognathia, and were
included in this study for further analysis (Supplementary
Table 1).

Functional enrichment analysis of pathogenic genes
of syndromic micrognathia

The list of pathogenic genes of syndromic micrognathia was
input to DAVID, which then generated comprehensive
enrichment analysis results of these genes, including their
enrichment in GO terms, pathways, and protein domains.
As we focused on the different functional groups of these
genes, we used the Gene Functional Classification module
to analyze these results. Input genes are classified into 18
groups based on functional similarity, with the highest
enrichment score of 20.31. These groups of genes show
several different biological functions, including perox-
isomal biogenesis, DNA replication, ciliary function
(Table 1), which indicates that syndromic micrognathia
could possibly be related with abnormalities of many dif-
ferent biological processes.

Table 1 Functional classification of pathogenic genes of syndromic micrognathia based on DAVID analysis

Group Genes

Enrichment score Function

1 ALGS, PIGT, ALG3, MOGS, ALGY, ALG6, ALG12, MPDUI, RFTI, ALGI1, 20.31 Metabolic and functional enzymes
DPM2, ALG1, ECELI, SRD5A3, DPM1, SLC35C1, PIEZO2, TMEM165,
CHST3, MGAT2, EXTI, PTDSS1, ALG13, PIGA, CHSTI14, ALG2, DPAGTI,
DPM3, PIGN, DDOST, DOLK, B3GAT3, TUSC3, DSE
PEX13, PEX12, PEXI0, PEX3, PEX6, PEXI, PEXI11B, PEX26, PEX2, PEX16 17.55 Peroxisomal biogenesis
SLC35A1, RFTI, SLC2A10, SLC35C1, SLC35A3 15.86 Solute carrier
PAXI1, PITX3, ALX4, PRRX1, SHOX, OTX2, RAX, GSC, VAXI, ALX3, ARX, 15.37 Homeobox genes
SIX2, IRX5, HOXBI, SIX1, SIX6, SIX5, SATB2, VSX2
B9D1, B9D2, MKSI1, OFDI1 11.33 Cilia base formation
ORC6, ORC4, ORCI, CDTI, CDC6 10.97 DNA replication
WDRI19, TBL2, WDR35, PEX7, IFT122, WDR62, WDR34, IFT43, WDRG60, 10.49 Intraflagellar transport
WDR73

8 CENPJ, CEP63, CDK5RAP2, CEP152, CEP135, PCNT 8.9 Centrosomal protein

9 DSTYK, RIPK4, LIMKI, ICK 8.86 Kinase activity

10 COL3AI, COLI11A2, COL2AI1, COLI11AI, COL5A2, COL5AI, COLIAI 8.66 Collagen formation

11 SC5D, NSDHL, DHCR24, DHCR7, PTDSS1 8.22 Cholesterol metabolism

12 ZBTB24, ZNF592, ZNF335, TRPSI 6.92

13 COGI, COGS5, COGS, COG6, COG7, COG4 6.06 Golgi complex

14 ERBB3, FGFR2, FGFR3, MUSK, FGFRI, DDR2, ROR2 5.44 Cell receptor

15 RPS26, RPL15, RPS24, RPS10, RPL11, RPL27, RPS7, RPL26, RPS19, RPS17,  5.37

RPL5, RPL35A, RPS2

16 HRAS, NRAS, MAP2K2, MAP2K1, SOS2, SOSI, BRAF, RAFI, PIK3RI, KRAS 5.2
17 MUSK, EDNRA, PTHIR, CHRNG, CHRNE, CHRNAI, CHRND, EFNBI 4.99

18 NOTCH3, NOTCH2, FBN2, FBNI

Ribosomal protein

Ras/MAPK signaling
Neuromuscular function

3.1 Bone and extracellular matrix
remodeling
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Classification of pathogenic genes of syndromic
micrognathia

The functional classification from DAVID analysis is
instructive in guiding the classification of pathogenic genes
of syndromic micrognathia. However, only a part of the
input genes could be classified into the 18 functional
groups. Genes that are not in the output fail to map to any of
the functional groups. This could be possibly due to the
high threshold of forming a functional group according to
the algorithm of DAVID. In order to conduct a compre-
hensive classification of pathogenic genes of syndromic
micrognathia, we then carefully searched the function of
each gene and their possible role in the occurrence of
micrognathia on OMIM and PubMed. Finally, a functional
classification of pathogenic genes of syndromic micro-
gnathia was proposed, which included four groups: cellular
processes and structures, cell metabolism, cartilage and
bone development, and neuromuscular function (Table 2),
according to their functional clustering and their role in the
pathogenesis of micrognathia. A detailed list of these genes,
their related syndromes, their possible role in the occurrence
of micrognathia and references is shown in Supplementary
Table 1.

Phenotypic analysis of syndromic micrognathia

The phenotypic characteristics of each syndrome in asso-
ciation with micrognathia were obtained by collecting
information from the “Clinical Synopsis” part of each dis-
ease on OMIM, genetics home reference (https://ghr.nlm.
nih.gov/) and published references, and some examples of
patient images could also be obtained from it. A total of
172 syndromes were analyzed. We focused on the common
clinical manifestations of these syndromes other than
micrognathia, such as skeletal system, respiratory system,
cardiovascular system disease and so on (Supplementary
Table 2).

The distributions of affected systems in syndromic
micrognathia among different groups are shown in Table 3.
General occurrence rate of systematic defects in all syn-
dromic micrognathia were calculated, and skeletal system
defects have the highest occurrence rate among all syn-
dromic micrognathia diseases (88.37%, 152/172), followed
by central nervous system defects, facial dysmorphism
(including auricular, ocular, nasal, oral and dental defects)
and general growth problems. Defects of these systems are
accompanied with micrognathia in nearly at least 70% of
cases. Approximately half of the 172 syndromes also have
defects in genitourinary, digestive, cardiovascular and
respiratory systems. Muscular and soft tissue defects
(31.40%, 54/172), as well as endocrine and immunologic
problems (20.35%, 35/172) have relative lower occurrence
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rates, whereas cancer and hematic problems are rare,
accounting for less than 10% of the cases.

Different patterns of the affected systems are prominent
among the four groups, and each group exhibited pheno-
typic similarities or overlaps but showed different appear-
ance rate of multiple systematic defects among different
groups. Group I has relatively higher rates of multiple
systematic defects, including central nervous system, car-
diovascular, genitourinary, dermal, as well as endocrine and
immunologic defects, and mental retardation, ventricular
septal defect, atrial septal defect, cutis laxa, as well as
diabetes may be phenotypic similarities in this group. The
distribution of systematic defects of Group II was similar to
the overall level of the other three groups, as no statistical
significance could be determined in all 16 systems. How-
ever, the appearance rate of digestive system defects such as
hepatomegaly, a possible phenotypic similarity in this
group, seemingly much higher than other three groups, and
the raw P value was 0.001 according to the Chi-square
value. The phenomenon of reduced rates in multiple sys-
tematic defects is striking in Group III. The rates for defects
in central nervous system, cardiovascular system, digestive
system, genitourinary system, endocrine and immunologic
system, as well as muscle and soft tissues were lower with
statistical significance. However, the incidence rate for
skeletal system defects in Group III is 93.94%, which is the
highest incidence rate among four groups, and defects of
pelvis, limbs and hands, such as scoliosis, arthropathy and
brachydactyly, may be the characteristic clinical similarities
in this group. For Group IV, there was an increased invol-
vement of muscle and soft tissue defects. Muscle weakness,
muscle atrophy or increased muscle tone, are typically seen
in conditions of Group IV.

Discussion

Genetic classification of syndromic micrognathia
and its relationship with mandibular development

In this article, we propose a novel classification method of
syndromic micrognathia based on analysis of pathogenic
gene function using DAVID, OMIM, and PubMed. This
classification organizes syndromic micrognathia into a
logical and comprehensive system based on known func-
tions of the pathogenic genes. The four groups of genes
could correspond to the key steps of mandibular develop-
ment, and may shed light on the complicated pathogenesis
behind syndromic micrognathia.

Genes in Group I are involved in several fundamental
cellular processes and structures, including DNA, RNA and
protein biosynthesis, epigenetic modifications, cell signal-
ing pathways, as well as integrity of cytoskeleton, cell
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Table 3 Phenotypic analysis results of syndromic micrognathia

Examples Total rate I Rate P value II Rate P value III Rate P value IV Rate P value
Growth 130/172 75.58% 78/104 75.00% 0.882  10/15 66.67% 1.000  25/33  75.76% 0.979 17/20  85.00% 0.895
CNS 148/172 86.05% 95/104 91.35% 0.042* 13/15 86.67% 1.000  22/33  66.67% 0.008* 18/20  90.00% 0.957
Auricular 128/172 74.42% 82/104 78.85% 0.266  8/15 53.33% 0.529  22/33  66.67% 0.455 16/20 80.00% 0.895
Ocular 144/172 83.72% 89/104 85.58% 0.603  12/15 80.00% 1.000  25/33  75.76% 0.336 18/20  90.00% 0.911
Nasal 116/172 67.44% 72/104 69.23% 0.714  10/15 66.67% 1.000  21/33  63.64% 0.863 13/20  65.00% 0.957
Oral 140/172 81.40% 85/104 81.73% 0.889  10/15 66.67% 0.753  29/33  87.88% 0.459 16/20  80.00% 1.000
and Dental

Respiratory 72/172  41.86% 40/104 38.46% 0.489  7/15 46.67% 1.000 15/33  45.45% 0.790 10/20  50.00% 0.895
Cardiovascular 79/172  45.93% 56/104 53.85% 0.040* 8/15 53.33% 1.000  9/33 27.27% 0.045% 6/20 30.00% 0.895
Digestive 83/172  48.26% 54/104 51.92% 0.489  12/15 80.00% 0.160  6/33 18.18% 0.002* 11/20  55.00% 0.895
Skeletal 152/172 88.37% 91/104 87.50% 0.811 13/15 86.67% 1.000 31/33  93.94% 0.559 17/20  85.00% 0.957
Genitourinary  100/172 58.14% 71/104 68.27% 0.007* 5/15 33.33% 0.332  12/33  36.36% 0.024* 12/20  60.00% 0.957
Dermal 79/172  45.93% 56/104 53.85% 0.040* 6/15 40.00% 1.000 10/33  30.30% 0.103 7/20 35.00% 0.895
Cancer 9/172 523% 7/104  6.73% 0.489 1/15  6.67% 1.000 1/33 3.03% 0.900 0/20 0.00% 0.895
Susceptiblity

and Neoplasia

Hematic 14172 8.14% 10/104 9.62% 0.603  3/15 20.00% 0.753  1/33 3.03% 0.559 0/20 0.00% 0.895
Endocrine and  35/172  20.35% 30/104 28.85% 0.007* 2/15 13.33% 1.000  1/33 3.03% 0.024* 2/20 10.00% 0.895
immunologic

Muscle and 54/172  31.40% 32/104 30.77% 0.882  4/15 26.67% 1.000  4/33 12.12% 0.026% 14/20  70.00% 0.002*

soft tissues

P value was adjusted with FDR method. *P <0.05

membrane and organelle [10-14]. These basic cellular
processes and structures are essential in the development of
multiple systems. In particular, mutations of these genes are
associated with micrognathia possibly through influencing
the proliferation, migration and differentiation of cranial
neural crest cells (CNCCs), a group of multipotential stem
cells which contribute to the formation of most craniofacial
structures [15].

Group II is composed of genes responsible for cell
metabolism of several biologically important substances,
such as cholesterol, carbon hydrates, and trace elements
[16-18]. Although the exact mechanism remains unknown,
it has been proven true that metabolic disorders could have
negative effects on mandibular development, and such an
example is reduced mandibular growth in streptozotocin-
induced diabetic mice, and diabetic pregnancy is also a risk
factor for hemifacial microsomia [19, 20].

Group III represents genes essential in the development
of cartilage and bone, comprising mainly of genes respon-
sible for the regulation of chondrocyte and osteocyte pro-
liferation and differentiation, such as TGF-f superfamily,
FGF family, RUNX2, SOX9, growth hormone, parathyroid
hormone, and other factors [3, 21, 22]. Genes associated
with cartilage extracellular matrix (ECM) function are also
included in this group, as ECM has a regulatory effect on
chondrocyte behavior and function by providing the struc-
tural support for chondrocytes, and also serves as a reservoir
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for growth factors [23]. Another subgroup in Group III
include genes regulating bone remodeling of the mandible,
which is active both in prenatal and postnatal life [24, 25],
and is controlled by the relative activities of osteoblasts and
osteoclasts [26].

Group IV include genes responsible for neuromuscular
function, as abnormalities in the muscle or tendon itself, or
the conduction of motor nerve impulse, or the central ner-
vous system, could all affect the normal muscular function
and thus show a negative effect on mandibular development
[27-29]. Skeletal muscles play important roles in man-
dibular skeletogenesis, either through mechanical ways, as
muscle contraction provides functional loading onto
mandible, or through secretory ways on skeleton to stimu-
late bone development [30]. Previous animal model has also
demonstrated that decrease in masticatory demand during
the growth period leads to insufficient mandibular devel-
opment [31].

Phenotypic analysis of syndromic micrognathia and
clinical meanings

The results from our phenotypic analysis of the total
172 syndromic micrognathia and the four different groups
showed instructive clues in clinic. In general, skeletal
defects, central nervous system defects, facial dysmorphism
and general growth problems are most commonly involved
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in patients with syndromic micrognathia. This may be due
to these structures and systems share some common
developmental pathways. For example, Clim-2, which is
pronounced in both facial and limb bud mesenchyme, plays
crucial roles in mandibular arch and limb development
under the regulation of Fgf-8 [32]. In addition, Pitx] is a
Bicoid-related homeodomain factor which is expressed in
the hindlimb, the developing anterior pituitary gland and
first branchial arch, and Pitx]/ gene-deleted mice showed
significant structural defects of tibia and fibula, as well as
abnormalities in pituitary cell types and the first branchial
arch [33]. In this sense, the combined manifestations of
micrognathia with one or more of these defects may be
instructive to the diagnosis of a certain craniofacial syn-
drome. On the other hand, this could also give some clues to
get clinical practitioners to pay attention to those often
overlooked defects, such as genitourinary, digestive, cardi-
ovascular and respiratory system defects and even cancer
susceptibility, and avoid missed diagnosis.

The phenotypic differences among the four groups of
syndromic micrognathia may also provide interesting insights.
Group I has a generally greater involvement in multiple
systems, which may be due to genes in Group I are involved
in fundamental cellular structures, processes and functions,
and are important in development of multiple systems. For
those with multiple systematic defects in accompany with
micrognathia, it implied that doctors need to carefully
examine the patients to avoid missed diagnosis, and a mul-
tidisciplinary treatment based on the diagnosis is also neces-
sary. In particular, Group I has a relative higher rate of
cardiovascular defects, which may call for extra attention in
clinic practice. The high rate of digestive defects in Group II
may be a characteristic of this group. The rates for systematic
defects in Group III are reduced in multiple systems,
including central nervous system, cardiovascular system,

Accompanying skeletal, CNS, growth

digestive system, genitourinary system, endocrine and
immunologic system, as well as muscle and soft tissues.
However, it showed the highest rate of skeletal defects among
these four groups. This high rate of skeletal defects and
relative low rates of defects of many other systems is a typical
characteristic of syndromes in Group III, which is due to that
these genes, or their regulatory elements such as tissue spe-
cific enhancers, exhibited relative specific function in skeleton
tissues or craniofacial tissues, and thus treatment may mainly
focus on skeleton tissues. Finally, conditions of Group IV
have characteristic high rates of muscle and soft tissue defects,
which revealed that force generated by muscles or tendons
according to the neural activation is important for skeletal
development, and treatment for syndromic micrognathia
should also focus on muscle and tendon diseases, such as
restoring the muscle and tendon function through gene
manipulation. Based on the different phenotypic distributions
of these four conditions, a possible flow path to help surgeons
to relatively quickly focus on accurate diagnosis of syndromic
micrognathia is illustrated in Fig. 2, which could also help
surgeons to decrease the number of genes that need to be
detected to confirm the diagnosis.

In summary, there were some shortcomings for this
classification method. For example, not all syndromic
micrognathia have a definite pathogenic gene, and some of
them are also influenced by environmental factors. A good
example of one such disease is hemifacial microsomia,
which is believed to be caused by environmental, maternal
and genetic factors, while not only by genetic factors [34],
and also exhibited difference with syndromic micrognathia
that mentioned in this study (Fig. 3). In addition, many
pathogenic genes may exhibit multiple functions, and this
classification just focus on the main function that contribute
to syndromic micrognathia. Also, it should be noted that the
mandibles are not frequently and severely affected in all

Syndromic

Micrognathia

defects and facial dysmorphism

Multiple systematic defects _
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Fig. 2 A possible diagnostic flow of syndromic micrognathia. The
accompanying skeletal, CNS, growth defects and facial dysmorphism
are indicative of syndromic micrognathia, which suggests clinicians to
examine other less common defects. Different groups of syndromic
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Fig. 3 Three dimension
reconstruction images of skull
showed difference of syndromic
micrognathia among different
disorders. Treacher Collins
syndrome (Group I) showed
bilateral hypoplastic mandible.
Hemifacial microsomia (did not
included in any group in this
study) showed unilateral
hypoplastic mandible

Hemifacial Microsomia Treacher Collins Syndrome

included syndromes. Some syndromes only have mild or
less frequent involvement of micrognathia. These syn-
dromes include myopathy, lactic acidosis, and sideroblastic
anemia, Barber-Say syndrome, nemaline myopathy 9 and so
forth [35-37]. Treatment for these syndromes may thus
focus on defects of many other systems, as the clinical
consequences of micrognathia in theses conditions may be
mild and do not require surgical correction. Furthermore,
with the growing application of high-throughput sequen-
cing, more congenital disorders with micrognathia and their
pathogenic genes may also need to be added to update the
classification. However, this classification of syndromic
micrognathia based on pathogenic gene function and phe-
notype is a novel method with potential instructive clinical
significance to help surgeons to better understand the
mechanism of syndromic micrognathia, and make accurate
diagnosis and treatment plan. Precise classification diag-
nosis based on genomic and phenotypic information is also
a future research hotpot in craniofacial deformity related
syndromes. Besides, application of artificial intelligence or
big data database, such as Face2gene [38], might also be
useful in guiding clinical diagnosis and treatment.
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