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Structured Abstract

Objectives – To investigate the anatomy of the mouse palate, the

midpalatal suture, and the cellular characteristics in the sutures before and

immediately after midpalatal suture expansion.

Materials and Methods – Wild-type C57BL ⁄ 6 male mice, aged between

6 weeks and 12 months, were chosen for all the experiments. The complete

palate of the non-operated group and the midpalatal suture-expanded

group at different ages was used for histological, micro-CT,

immunohistochemistry, and sutural cell analyses.

Results – This study documents precise morphological and histological

characteristics of the mouse palatal sutures. In addition to the opening of the

midpalatal suture caused by expansion, both transverse and interpalatine

sutures were also seen to be affected. Cellular density was decreased in

different types of sutures following the application of mechanical force.

Conclusions – The detailed morphology and histology of the mouse

palate and the cellular changes that occur following midpalatal suture

expansion, as described here, will be helpful as a basis for further

investigations of palatal suture tissue responses to mechanical force.

Key words: collagen II; craniofacial sutures; mechanical force;

mesenchymal cell; palate

Introduction

Craniofacial sutures and synchondroses are flexible and less stiff

than bones. Sutures are dynamic and respond to different types of

mechanical stimuli (1). Taking advantage of these properties,

orthopedic–orthodontic therapy utilizes applied mechanical

stresses to stimulate or inhibit bone growth or to modify the

direction of growth via changing cellular activities within cra-

niofacial sutures and synchondroses (2).

Understanding the mechanisms by which craniofacial sutures

respond to mechanical force is essential for improving orthodontic
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treatment strategies. Accordingly, scientists are

increasingly interested in delineating the events

that occur at the cellular and molecular levels

during the application of mechanical forces across

craniofacial sutures. For half a century, the expan-

sion of one such suture, the midpalatal suture, has

been successfully used to correct dentofacial

deformities and treat maxillary width deficiencies

(3). To obtain insights into the basic mechanisms

involved, scientists have turned to midpalatal su-

ture expansion in rats and mice. Because of their

utility in uncovering genetic mechanisms, mice

represent an ideal model for studying the responses

of mammalian craniofacial bones and sutures

to mechanical forces, and our laboratory has

described how an expansive force across the mouse

midpalatal suture induces a process of remodeling

and regeneration of the suture structure (4). How-

ever, further studies of detailed molecular mecha-

nisms require precise morphological and histo-

logical data on the mouse midpalatal suture that

are currently unavailable. Thus, to provide such

data, we have investigated the anatomy of the

mouse palate, the midpalatal suture, and the cel-

lular characteristics in the suture before and

immediately after midpalatal suture expansion.

Materials and methods
Experimental animals and histological ⁄ micro-CT analyses of

hard palate

Wild-type C57BL ⁄ 6 male mice (Charles River

Laboratories, Wilmington, MA, USA), aged be-

tween 6 weeks and 12 months, were used for all

the experiments. Each experimental group con-

sisted of a minimum of four mice. The whole

palate of each mouse was dissected and fixed

overnight with 4% (w ⁄ v) paraformaldehyde in

0.1 M phosphate buffer, pH 7.4, demineralized in

0.5 M ethylenediaminetetraacetic acid (EDTA) for

2 weeks at 4�C, and dehydrated in ethanol prior to

embedding in paraffin. For histological analysis,

8-lm serial paraffin sections of 6-week-old, 4-, 9-,

and 12-month-old mice were cut. Microphoto-

graphs were taken (Nikon Eclipse 80i Upright

Microscope; Nikon Corporation, Tokyo Japan)

after sections were mounted on the glass slides,

de-waxed, and stained with hematoxylin and

eosin. To obtain three- and two-dimensional

views of the whole palate, tissues were subjected

to high-resolution micro-CT analysis (Xradia

MicroXCT system, Pleasanton CA, USA). The 3D

viewing software provided with the Xradia scan-

ner was used to generate the images. All animal

work was performed using protocols approved by

the Institutional Animal Care and Use Committee

of Harvard Medical School, Boston, MA, USA.

Midpalatal suture expansion procedure

A combination of ketamine (100 mg ⁄ kg) and xyla-

zine (10 mg ⁄ kg) was used as anesthetic for the mice.

The mice were prepared for midpalatal suture

expansionaspreviously described.(4).Briefly,0.014-

in. stainless steel orthodontic wire (GAC Interna-

tional Inc., Bohemia, NY, USA) was used to make

opening loops that applied a distracting force across

the midpalatal suture. Using a light-cured adhesive

(3 M Unitek, Monrovia, CA, USA), the appliances

were bonded to first and second maxillary molars on

both sides. For sham operation, dead opening loops

with no expansion force were prepared and bonded

to first and second maxillary molars. Mice were

sacrificed after 2 days of midpalatal suture expan-

sion, and the maxilla was dissected.

Cell density in hard palate sutures

Hematoxylin- and eosin-stained palates of

6-week-old mice were analyzed for differences

in cell density within palatal sutures. Using

METAMORPH software (Molecular devices LLC;

Sunnyvale, CA, USA), cell density was determined

in different regions of the suture. Five different

suture zones were chosen, as follows: 1) the

midpalatal suture area in the 1st molar tooth re-

gion, 2) the midpalatal suture area between the

1st and 2nd molar teeth and between the 2nd

molars, 3) the transverse palatine suture area be-

tween the 2nd molar teeth and between the 2nd

and 3rd molar teeth, 4) the area between 2nd and

3rd molar teeth and the 3rd molar teeth, and 5)

the area between the 3rd molar teeth and the in-

terpalatine suture in the posterior region of the

palate. The number of cells was determined in the
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total area of each palatal suture zone (shown in

Fig. 2) by counting the number of cell nuclei in

the midpalatal area. The final statistical analysis

of cell density was based on the number of cells in

a 100-lm2 suture area of each palatal suture zone.

Histochemistry and immunofluorescence labeling

For apoptosis detection, In Situ Cell Death

Detection kit, Fluorescein TUNEL system (Roche

Diagnostics, Mannheim, Germany), was used to

visualize apoptotic cells.

Safranin O ⁄ Methyl Green staining was used to

visualize cartilage proteoglycans and bone in

frozen sections. Briefly, frozen sections were fixed

overnight in 4% (w ⁄ v) paraformaldehyde in PBS,

demineralized in 0.5 M EDTA for 14 days at 4�C,

and embedded in Tissue-Tek OCT compound

(Sakura Finetek USA, Inc., Torrance, CA, USA)

with a slurry of solid CO2 in 95% ethanol. Frozen

blocks were sectioned using Leica cryotome

(Research Cryostat Leica CM3050 S; Leica Micro-

systems Inc., Buffalo Grove, IL, USA) and air-dried

for 30 min. The 8-lm sections were visualized

using a fluorescence microscope (Nikon TE2000

w ⁄ C1 Point Scanning Confocal; Japan).

For collagen types I and II immunohistochem-

istry, paraffin sections were deparaffinized and

pre-washed prior to enzyme treatments. The

tissue sections were digested by sequential treat-

ment with 2 mg ⁄ ml of hyaluronidase (Sigma-

Aldrich, St. Louis, MO, USA) in PBS (pH 5.0) for

15 min at 37�C; 250 mU ⁄ ml of chondroitinase

ABC (Sigma-Aldrich) in 50 mM Tris, PH 8.0,

60 mM sodium acetate, and 0.02% bovine serum

albumin (prepared fresh) for 15 min at 37�C; and

finally pepsin (Sigma-Aldrich) at 2 mg ⁄ ml in

0.1 M Tris–HCl, pH 2.0 for 15 min at 37�C. After

enzyme pre-treatments, sections were incubated

separately with rabbit polyclonal antibody

(Abcam, Cambridge, MA, USA) against collagen

type I at 1:100 dilution and mouse monoclonal

antibody (Lab Vision, Fremont, CA, USA) against

collagen type II at 1:100 dilution overnight. MOM

kit (Vector Laboratories, Burlingame, CA, USA)

was used to decrease the background staining.

Each experimental group consisted of a minimum

of four mice with four sections per mouse.

Statistical analysis

Results were presented as mean ± SD. Cell count

differences were compared using two-tailed un-

paired Student�s t test (p < 0.05).

Results

Hematoxylin- and eosin-stained transverse sec-

tions of 6-week-old mouse hard palate (Fig. 1A–D)

show the presence of three sutures: 1) midpalatal

suture (mps) in the middle with a straight shape

which narrows down at both poles (Fig. 1A, B), 2)

transverse palatine suture (tps) formed as an

interlocking joint with a highly complex interdig-

itated structure (Fig. 1A, C), and 3) interpalatine

suture (ips) with an irregular zigzag shape at the

posterior end (Fig. 1A, D). Nasal-associated lym-

phoid tissue (NALT) is prominent between the left

and right lateral nasal glands (LNG). The 1st, 2nd,

and 3rd molar teeth are seen along the sides of the

palate. The bones that meet in midpalatal suture,

known as the palatine process of maxilla (ppm),

meet in a butt joint. The two halves of the hori-

zontal plates of the palatine bones (p) are joined in

the middle at the interpalatine suture and form the

posterior section of the hard palate. The occlusal

views of the reconstructed hard palate in two- and

three-dimensional micro-CT images further con-

firm the histological findings (Fig. 1E, F).

The amount of bone marrow in the bony ele-

ments close to the sutures varies in a character-

istic fashion. In the midpalatal suture region of

the hard palate, bone marrow space is much

smaller than in the interpalatine suture area

(Fig. 1A, E). This can be clearly seen in frontal

sections of the reconstructed micro-CT image of

the 6-week-old mouse palate (Fig. 2A1–A5). The

small amount of bone marrow close to the

transverse suture is similar to that of the mid-

palatal suture area.

Further histological examination of the mid-

palatal suture revealed that it mainly consists of

secondary cartilage close to the bony edges and

with a small amount of fibrous tissue in the cen-

tral area. From the middle of the sutural gap, a

lateral progression of small-sized cells to mature
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chondrocytes and hypertrophic chondrocytes is

evident.

The density of cells is notably variable between

the different sutures. The posterior part of the

hard palate shows the highest density of cells in

both the transverse palatine suture and the

interpalatine suture in comparison with the

midpalatal suture. This was confirmed by mor-

phometric analysis based on examining histolog-

ical sections (Fig. 2G) as described below.

To study the processes underlying age-related

developmental changes in palatal sutures, a series

of 6-week-old (Fig. 2B), 4- (Fig. 2C), 9- (Fig. 2D),

and 12-month-old mice (Fig. 2E) were used. For

A

B

C

D

E F

G H

Fig. 1. A transverse section of

mouse palate. Hematoxylin and

eosin staining of 6-week-old

mouse palate (A) with areas of

the sutures as indicated by

rectangles shown in higher

magnification for the midpalatal

suture (B), transverse suture (C),

and interpalatine suture (D). A

micro-CT image of 6-week-old

male mouse palate reconstructed

in two-dimensional (E) and three-

dimensional (F–H) views. The

transversal plane is indicated in

the mouse palate (G–H) (NALT,

nasal-associated lymphoid tissue;

LNG, lateral nasal gland; M1, 1st

molar; M2, 2nd molar; M3, 3rd

molar; mps, midpalatal suture; tps,

transverse palatine suture; ips,

interpalatine suture; p, palatine

bone; ppm, palatine process of

maxilla). Scale bar (A, E, F):

1000 lm.
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the comparison of suture morphology, the palate

was divided into five different zones. Starting from

the anterior aspect, these zones were 1) the suture

between the 1st molar teeth, 2) the suture

between 1st and the 2nd molar teeth and between

the 2nd molars, 3) the transverse palatine suture

A1 A2 A3 A4 A5

B1 B2 B3 B4 B5

C1 C2 C3 C4 C5

D1 D2 D3 D4 D5

E1 E2 E3 E4 E5

F G

Fig. 2. Frontal section of mouse palate with the nasal side up and oral side down. Micro-CT reconstruction of frontal sections of 6-

week-old male mouse palate in two-dimensional view (A1–A5) and stained with hematoxylin and eosin at different ages of 6-week-

old (B1–B5), 4-month-old (C1–C5), 9-month-old (D1–D5), and 12-month-old (E1–E5) mice is shown. The panels are the represen-

tative of a series of sections of the palate divided into five different zones (F). Starting from the anterior aspect, these zones are [Z1]

the suture between the 1st molar teeth (A1–E1), [Z2] the suture between 1st and the 2nd molar teeth and between the 2nd molars

(A2–E2), [Z3] the transverse palatine suture between the 2nd molars and between the 2nd and the 3rd molars (A3–E3), [Z4] the zone

between the 2nd and 3rd molars and between the 3rd molars (A4–E4), and [Z5] the zone between the 3rd molars and the interpalatine

suture in the posterior part of the palate (A5–E5). The graph (G) represents the cell density in each designated zone of cut sections

shown from panels 1–5 of series B (6-week-old mice). The cell density among Z1, Z2, and Z4 zones of midpalatal suture area was not

significantly different. However, the cell density in midpalatal suture area was significantly lower in comparison with transverse

palatine suture and ⁄ or the interpalatine suture (*p < 0.05). Scale bar (A1): 1000 lm, (B1): 100 lm.
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between the 2nd molars and between the 2nd and

the 3rd molars, 4) the zone between the 2nd

and 3rd molars and between the 3rd molars,

and 5) the zone between the 3rd molars and the

interpalatine suture in the posterior part of the

palate (Fig. 2A–F). The most obvious changes

because of increasing age were decreasing bone

marrow spaces in the surrounding bones, a re-

duced number of chondrocytes, a decreasing

amount of fibrous tissue between the two carti-

laginous regions along the bone margins, a

reducing number of periosteal cells in oral and

nasal sides, and increased bone formation.

Accordingly, the age-dependent progressive ossi-

fication in the interdigitated area of the transverse

palatal suture results in a more complex structure

(Fig. 2B3–E3). In contrast, the midpalatal suture

did not ossify during the ages analyzed here.

To determine whether the density of cells varied

among the different types of sutures, cell nuclei

were counted in the five different suture zones in

6-week-old control mice. The data show that there

is a significant difference in the cell number per

unit area (100 lm2) among the different suture

types. The cell density in the transverse palatine

suture and the interpalatine suture was signifi-

cantly higher than in the midpalatal suture area

(Fig. 2G).

In response to expansive force, the width of the

midpalatal suture increased (Fig. 3C). After 2 days

of expansion, an increased amount of fibrous

tissue and a decrease in the number of chondro-

cytes was observed. No difference was detected

between sham-operated and non-operated mice.

Accordingly, these two groups of animals were

grouped together as controls. The changes

occurring as a result of suture expansion have

been previously published (4). Briefly, the colla-

gen fibers are reoriented across the suture, and

periosteal cells migrate into the suture area.

Analysis of suture cell counts per unit area

(100 lm2) shows that the cell density is signifi-

cantly lower in the zones 1–4 of the expanded

suture of 6-week-old mice than in control mice of

the same age (Fig. 3D). This is primarily the result

of expansion of the suture area, although apop-

tosis, induced by the expansion, contributes as

well. The cell number per unit area in zone 5 of

expanded palate (interpalatine suture) was lower,

but not significant, in comparison with the

A

C1 C2 C3 C4 C5

B D

Fig. 3. Midpalatal suture expansion in mouse. Isolated palate of 6-week-old mice is shown with the spring opening loop bonded to

the first and second molars (B) vs. the non-operated control (A). Hematoxylin and eosin staining of sections of expanded palate of 6-

week-old mouse with sections representing the palate divided into five different zones. Starting from the anterior aspect, these zones

are [Z1] the suture between the 1st molar teeth (C1), [Z2] the suture between 1st and the 2nd molar teeth and between the 2nd molars

(C2), [Z3] the transverse palatine suture between the 2nd molars and between the 2nd and the 3rd molars (C3), [Z4] the zone between

the 2nd and 3rd molars and between the 3rd molars (C4), and [Z5] the zone between the 3rd molars and the interpalatine suture in

the posterior part of the palate (C5). The cell density of expanded palate in zones 1 through 5 of 6-week-old mice compared with

same age non-operated control mice (D) was significantly lower (*p < 0.05). Scale bar (C1): 100 lm.
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control group. This may be due to the fact that the

interpalatine suture is less affected by the process

of midpalatal suture expansion.

To further evaluate and explain the reasons

behind the decreased cell density in the midpal-

atal suture-expanded mice, TUNEL staining for

apoptosis of control and expanded midpalatal

sutures was performed. Cell proliferation, differ-

entiation, and apoptosis are the key events that

occur during tissue remodeling. In control mice,

TUNEL-positive cells were mainly seen in the

cartilaginous region. In contrast, in the expansion

group of mice, TUNEL-positive cells were de-

tected in both periosteal and cartilaginous regions

(Fig. 4A–C). Using Safranin O staining, we found

that the application of force across the midpalatal

suture caused a decrease in the amount of sec-

ondary cartilage (Fig. 5). The significant loss of

proteoglycan as judged by decreased Safranin O

staining suggests that the tensile force across the

suture may induce release and ⁄ or activation of

matrix-degrading proteases in the suture

(Fig. 5B). Finally, collagen I- and II-specific

immunofluorescence staining of midpalatal and

transverse palatine sutures was conducted. First,

analysis of the control group showed that there

was an expression of both types of collagen in the

midpalatal suture area (Fig. 6A1–A2); further

down from the midpalatal area, in the transverse

palatine suture, only collagen I staining was

detected (Fig. 7A). Of note, the bone matrix in the

palatal shelves and periosteal cells on both the

oral and nasal sides were clearly stained by col-

lagen I antibodies (Figs 6 and 7). Second, analysis

of the stretched collagen fibers in the midpalatal

suture of the expansion group showed mainly the

expression of collagen II (Fig. 6B2); however, the

matrix surrounding some of the mesenchymal

cells in the middle of midpalatal suture area

showed the expression of collagen I (Fig. 6B1). In

accordance with the results for the control group

(Fig. 7A), there was no collagen II expression in

the transverse palatine suture of the expansion

group; only collagen I was detected (Fig. 7B). The

stretched collagen fibers in the transverse palatine

area were also stained only with collagen I anti-

bodies (Fig. 7B). Overall, this suggests that the

midpalatal suture in mice is more like a fibro-

cartilage growth region than a collagen I-based

fibrous connection between the palatal bones,

whereas the transverse palatine area is more like a

fibrous suture.

Discussion

The aims of the present study were to investigate

the anatomy of the mouse palate at different ages,

A B

C

Fig. 4. Increased apoptosis of

chondrocytes in expanded midpal-

atal suture. TUNEL staining of

non-operated control (A) and

expanded midpalatal suture (B) of

6-week-old mice. After 2 days of

midpalatal suture expansion,

TUNEL-positive cells (green) were

detected in the regions of

periosteal cells and chondrocytes

within the midpalatal suture area.

The percentage of TUNEL-positive

cells among the total cells within

the midpalatal suture area is

compared between control and

expansion groups (*p < 0.05) (C).

Scale bar: (A) 100 lm.
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compare morphological features of the midpalatal

suture before and right after mechanical stimuli,

and study cellular changes resulting from mid-

palatal suture expansion. The study documents

that the midpalatal suture in mice mainly consists

of secondary cartilage with collagen II-rich fibrous

connective tissue in the central area between two

cartilaginous regions.

As in many other anatomical aspects in mice

and humans, the palatal structure of the two

species shows similarities. Both human and

mouse osseous palates consist of the horizontal

processes of the palatine bone posterior to the

transverse palatine suture and the palatine pro-

cesses of the maxillary bone anterior to that su-

ture. Both bones are joined by sutures that are

arranged in two anatomical planes, the transverse

and sagittal. This structure allows the palate to

grow in two directions, elongate in the antero-

posterior direction and widen in the lateral

direction (2, 5). While the trigger for widening

growth originates from inside the sagittal mid-

palatal and interpalatine sutures, the transverse

palatine suture functions as a growth center for

anteroposterior elongation (6).

While mice and humans share similarities in

the anatomy of palatal sutures, there are some

notable differences. Palatal growth and suture

morphology in humans were investigated by

Melsen from birth to adulthood (7). Three stages

were shown in the Melsen study: in the infantile

period, the suture was broad and Y-shaped; in the

juvenile period, the suture was longer in the ver-

tical aspect and started to become interdigitated;

and finally, in the adolescent stage, the suture was

very tortuous with increased interdigitation. (7).

A B

Fig. 5. Safranin O ⁄ Methyl Green

staining of non-operated control

(A) and expanded midpalatal

suture (B) of 6-week-old mouse at

day 2 of expansion. Scale bar (A):

100 lm.

A1 B1

A2 B2

Fig. 6. Confocal images of immunofluorescence staining for collagen types I (red) and II (green) of serial palatal sections of non-

operated control (A) and expanded midpalatal sutures (B) of 6-week-old mice. After 2 days of midpalatal suture expansion, the

stretched collagen fibers in the midpalatal suture area were mostly stained with collagen II-specific antibody. Scale bar (A): 100 lm.
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However, the midpalatal suture in adult mice is a

straight line between the palatal bones, while in

humans it forms an interdigitated structure. An-

other difference is the presence of secondary

cartilage in the mouse and the absence of it in

humans. Previous studies in rodents have shown

that secondary cartilage only forms in response to

mechanical stimulation (8, 9). It has also been

reported that the type of stimulation makes a

significant difference in the outcome. While

mechanical tension combined with hyperoxia can

boost mesenchymal cell differentiation into os-

teoblasts, mechanical stress combined with

ischemia and hypoxia can favor differentiation

into chondroblasts (10, 11). Another factor that

can affect the development of sutural cartilage is

the masticatory forces that are quite different

between mice and humans (12). Accordingly,

changes in various forces during craniofacial

growth and development, and differences in the

masticatory forces, dentition, and occlusion be-

tween mice and humans, are likely among the

reasons for the presence of secondary cartilage in

mice and the absence of it in humans.

In mammals, the sutures are considered to be

fibrocellular tissues which are adapted to various

types of strain that are different in pattern and

magnitude (1). In children and youngsters with

cases of transverse maxillary hypoplasia, rapid

maxillary expansion (RME) is chosen as a treat-

ment option (3, 13). When RME is performed in

the human palate, the opening of the midpalatal

suture is not the only effect. In fact, the circu-

maxillary sutures separating maxilla from adja-

cent facial bones are also affected (14). As a result,

they show bony displacement responses that are

highly variable among sutures (15). Different

structures of the skull, including the nasal sep-

tum, experience various stresses applied during

midpalatal suture expansion (16). As previously

described, the study of Wnt1Cre;Pkd1 mice

showed that the nasal cartilage, one of the sur-

rounding areas of the midpalatal suture, experi-

enced abnormal ossification during postnatal

development and in response to midpalatal

suture expansion (17). In our present study, both

transverse and interpalatine sutures are also seen

to be affected during midpalatal suture expansion.

The decreased cell density in different types of

sutures of the expansion group vs. the control

group of mice is likely a consequence of the di-

verse effects of the midpalatal suture expansion

procedure. These effects are likely to be more

absorbed by the midpalatal area than by the in-

terpalatine suture area. Although the density of

mesenchymal cells in the interpalatine suture of

expansion mice was slightly lower in comparison

with the control group, the difference was not

statistically significant. This is an indication of the

smaller effect of midpalatal suture expansion on

the posterior hard palate. In addition, the apop-

tosis measurements showed an increased number

of TUNEL-positive cells in the midpalatal suture

area. However, differences in cellular density are

not only based on the role of apoptosis of cells but

also correlated with the size of the matrix space.

As the matrix area increases because of the

expansion, some of the cells die, while the

remaining cells are scattered around. As a result,

the density of cells in the midpalatal suture area

decreases. On the other hand, the decreased

density of mesenchymal cells in the transverse

A1 B1

A2 B2

Fig. 7. The collagen I-specific immunofluorescence staining of

non-operated control (A) and expanded transverse palatine

sutures (B) of 6-week-old mice. The transverse palatine suture

area was only stained with collagen I-specific antibody in both

the non-operated and expansion groups. Scale bar (A1, A2):

100 lm.
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palatine and interpalatine sutures is mainly be-

cause of the dispersion of cells owing to the force-

induced increase in the suture matrix space.

The spheno-occipital synchondrosis plays a

major role in growth of the cranial base (18). In

the study of Cendekiawan et al. (19), it was shown

that mechanical tension stimuli increased the

expression of collagen type II in the spheno-

occipital synchondrosis of mice (19). Thus, we

speculate that the collagen type II expression in

the expanded midpalatal suture of mice may be

the result of stretching the suture tissue. Addi-

tionally, the collagen I expression in the matrix

surrounding mesenchymal cells residing in the

expanded midpalatal suture area may be an

indication that these cells are differentiating

osteoblasts. Such collagen I-expressing cells were

also found among the periosteal cells on both the

oral and nasal sides of the suture.

Conclusion

This study suggests that the midpalatal suture in

mice is more like a fibro-cartilage growth region

than a collagen I-based fibrous connection

between the palatal bones. In contrast, the

transverse palatine area is more like a

fibrous suture. Furthermore, we described the

morphological and histological properties of the

mouse midpalatal suture in detail. This will serve

as the basis for further studies of the molecular

and cellular mechanisms involved in suture

development and responses to mechanical

manipulation. Understanding these mechanisms

will be required for improving the clinical out-

comes of orthopedic–orthodontic therapies in

human patients.

Clinical relevance

There are notable similarities and differences in

the anatomy of palatal sutures between mice and

humans. For half a century, the midpalatal suture

expansion technique has been widely used to

correct dentofacial deformities and treat maxillary

width deficiencies in humans. However, the cel-

lular and molecular mechanisms underlying the

responses of suture tissue to mechanical forces

have not been fully understood. This study pro-

vides the basis for the experimental work in mice

that will be needed for improving the clinical

outcomes of orthopedic–orthodontic therapies in

human patients.
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