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Functional anatomy of the nasal bones and adjacent 
structures. Consequences for nasal surgery*

Abstract 
The periosteum of the nasal bones, the periosteal-perichondrial nasal envelope, and the cartilaginous support of the bony vault 

were studied in serial coronal sections of four human cadaver noses. To differentiate between the various tissue components, the 

sections were stained according to Mallory-Cason and Verhoeff-Van Gieson stain. The results demonstrated: 1. the presence of 

clearly distinguishable layers of the periosteum covering the nasal bones; 2. the presence of a continuous periosteal-perichondrial 

covering of the bony and cartilaginous nasal vaults; 3. the way the cartilaginous support of the bony vault is constructed. The 

findings described in the present study may have clinical relevance in nasal surgery.
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Introduction
The human external nose is an intricate anatomical-physiolo-

gical structure. It is made out of various bony and cartilaginous 

structures, their periosteum and perichondrium, connective 

tissue with vessels and nerves, muscles, fatty tissue and skin. The 

nasal bones provide a rigid protective and supporting frame-

work. The cartilages occur in different forms and provide struc-

tural support, as well as permitting varying degrees of mobility.

In previous articles we have reported and discussed our micro-

scopic studies on the septal and lobular cartilages and their peri-

chondrial envelope (1, 2). These structures are formed from highly 

specialized types of supporting connective tissue. The tissues 

are made up of an extracellular matrix, as well as the cellular 

elements that synthesise it. Questions regarding other aspects 

of the microscopic anatomy of the nose remain, such as whether 

there is a form-function relationship in several tissues of the 

external nose, and if supporting structures exist that contribute 

to the stability of the nose and might thus be relevant for nasal 

surgery.

 

Therefore, in the present study we have microscopically investi-

gated: 

1. the periosteum of the nasal bones,

2. the periosteal-perichondrial nasal envelope, and 

3. the cartilaginous support of the bony vault.

Materials and methods
The external nose from four male cadavers of Caucasian origin 

aged 58, 68, 75, and 89 years were studied. The specimens were 

preserved and fixed in 4% buffered formaldehyde, decalcified 

with sodium formiat solution, and then dehydrated in increa-

sing concentrations of alcohol and embedded in paraffin. Serial 

sections of 10, 15, 20, 25µm thickness were cut in the coronal 

plane at intervals of 200 and 400µm and then mounted on glass 

slides and stained by: 

1. Mallory-Cason trichrome staining which colors bone: orange; 

cartilage: varying shades of blue; muscle fibers: brownish red; 

collagen: intense blue; elastin: pale pink, pale yellow, or unst-

ained.

2. Verhoeff-Van Gieson stain to distinguish between collagen 

and elastin fibers. With this staining collagen fibers stain pink to 

red, whereas elastin fibers stain intensely blue, grey to black. 

Results 
The periosteum of the nasal bones
Our findings demonstrate two different periosteal layers: 

1.  a periosteum overlying both nasal bones and 
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b, 6a, b). The coarse, closely packed bundles of collagen in the 

periosteal-perichondrial transition are interwoven by elastin 

fibers. These elastin fibers have a wave-like arrangement which 

may be related to the functional properties of the external nose 

(Figures 7a, b).

2. a periosteum that surrounds (covers) each nasal bone separa-

tely and fills the internasal suture.  We suggest naming them the 

‘overlying periosteum’ and the ‘periosteum proper’, respectively. 

The overlying periosteum is part of a periosteal-perichondrial 

envelope of the whole bony and cartilaginous nasal vault; the 

periosteum proper is the periosteum which surrounds the 

individual nasal bone (Figures 1a,b, 2a,b, 3a, b). The overlying 

periosteum consists of a rather thick layer of parallel running 

collagen fibres. There are no elastin fibers (Figure 4).

The ‘periosteum proper’ is thinner than the overlying peri-

osteum and consists of other collagen fibers (Figures 2a, b). The 

internasal suture showed quite some variability. In one case the 

nasal bones had fused into one bony structure (Figures 1a, b). 

The periosteal-perichondrial nasal envelope
Our findings demonstrate that the thick overlying periosteum 

of the bony vault is continuous with the perichondrium of the 

triangular cartilages, sesamoid cartilages, and lobular cartilages; 

it envelops both the bony and cartilaginous vault (Figures 5a, 

Figure 1. A) Overview of the external nasal pyramid showing a case of 

united nasal bones (arrowhead), the septolateral cartilage (asterisk) and 

adjacent structures (specimen 1, Mallory-Cason staining). B) Detail of A) 

with the two nasal bones grown together (arrowhead), their overlying 

periosteum (yellow arrow), the more or less triangular space under the 

nasal bones (red arrow), the septolateral cartilage (asterisk) with its peri-

chondrium (black arrow) and the nasal soft tissues. 

Figure 2. A) Overview of the nasal bones and adjacent structures. Note 

the underlay of the triangular cartilages (red arrow) under the nasal 

bones, the subnasal triangular space (yellow arrow) and the septal car-

tilage resembling the shape of a Y-beam (asterisk) (specimen 2, Mallory-

Cason staining). B) Detail of A showing a continuous layer of the thick 

periosteum overlying both nasal bones (white arrow) and a thinner layer 

underneath, i.e. the periosteum proper (black arrow) which surrounds 

the individual nasal bone (arrowhead). The septal cartilage that supports 

the nasal vault has the shape of a Y-beam (asterisk). Between the septal 

cartilage and the nasal bones there is a somewhat triangular space (yel-

low arrow) that is filled with loose connective tissue and some blood 

vessels.

A

B

A

B
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The cartilaginous support of the bony vault 
In our study, we found that the following structures are involved 

in supporting the bony vault:

1. the Y-beam of the septal cartilage,

2. the resulting subnasal triangular space, and

3. the underlay of the triangular cartilages under the nasal 

bones.

The caudal part of the bony vault is supported by the septal 

cartilage that in this area is shaped like the letter Y. We propose 

naming this structure the septal Y-beam (Figures 1a,b, and 2a,b).

Between the two prongs of the septal Y-beam there is a some-

what triangular space that is filled with loose connective tissue 

and prominent vessels (Figures 8a, b). We suggest naming this 

area 'the subnasal triangular space’. Small and medium-sized 

vessels in the subnasal triangular space are arteries and veins. 

Some of the smaller vessels show recognizable features of arte-

ries, i.e. the walls of arteries are thicker and more compact than 

those of veins. Among them, we observe a rather large artery 

Figure 3. A) Higher magnification of the internasal suture and perios-

teum overlying the nasal bones. The thick layer of periosteum overlying 

both nasal bones contains collagen fibers (white arrow); the thin layer, 

i.e. the periosteum proper (black arrow), is composed of other collagen 

fibers running into the internasal suture (grey arrow), surrounding the 

individual nasal bone (arrowhead). In this specimen the two nasal bones 

have partially grown together (5x) (specimen 1, Mallory-Cason staining). 

B) Higher magnification of the internasal suture and the periosteum 

overlying the nasal bones (arrowhead). The internasal suture predomi-

nantly consists of the thin layer of the periosteum proper (white arrow) 

(5x) (specimen 2, Mallory-Cason staining).              

Figure 4. Higher magnification of the periosteum overlying the nasal 

bones (white arrow). With Verhoeff-van Gieson staining, collagen fibers 

of the periosteum stain pink to red, whereas elastin fibers stain intensely 

blue, grey to black. There are no elastin fibres present in the overlying 

periosteum (5x) (specimen 4, Verhoeff-van Gieson staining). 

A

B



92

Popko et al.

(white arrow) and vein (black arrow). 

The bony and cartilaginous vault is characterized by an underlay 

of the cranial end of the triangular cartilage under the nasal 

bones (Figures 2a, 5a, and 7a). The bony and cartilaginous struc-

tures are linked to each other by the dense connective tissue 

that we above proposed naming ‘the periosteal-perichondrial 

nasal envelope’.

Discussion
The main findings in this anatomical study are: 1. the presence 

of clearly distinguishable layers of the periosteum covering 

the nasal bones; 2. the presence of a continuous periosteal-

perichondrial covering of the bony and cartilaginous nasal 

Figure 5. A) Overview of the external nasal pyramid with its periosteal-

perichondrial covering (black arrows) of the bony and cartilaginous 

nasal vault. B) Detail of A demonstrating the thick periosteum (white 

arrow) of the nasal bones continuous with the perichondrium (black 

arrows) of the triangular cartilage (number 1), sesamoid cartilages 

(number 2), and lobular cartilage (number 3) (specimen 2, Verhoeff-van 

Gieson staining).

Figure 6. A) High magnification of a detail of Figure 1 showing the 

periosteal-perichondrial covering (red arrow) of the bony and cartilagi-

nous nasal vault (1,25x). B) Higher magnification of a detail of Figure 1 

showing the thick periosteum (white arrow) of the nasal bone continu-

ous with the perichondrium (black arrow) of the triangular cartilage (5x) 

(specimen 1, Mallory-Cason staining).

A B A

B
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hump should be preceded by careful incision of the overlying 

periosteum in a vertical direction followed by scraping it aside 

to prevent its damage (6). In reconstructing a saddle nose, on 

the other hand, a subperiosteal tunnel may thus be created  

preceding augmentation of the pyramid by dorsal transplants. 

Such a subperosteal tunnel is created between the overlying 

periosteum and the periosteum proper. The periosteum proper 

is the thin layer which surrounds each nasal bone. The perioste-

um proper plays a significant role in the growth, healing, and 

regeneration process of bone. The periosteum proper may thus 

have the capacity to repair after damage and contribute to the 

internasal suture. In rhinoplastic surgery, a medial (or more pre-

cisely a paramedian osteotomy) is therefore a fibrotomy instead 

of an osteotomy. In later life the connective tissue in the suture 

may ossify and as a consequence the two nasal bones become 

one bony structure. 

Ad 2. The following item of focus was our finding of the 

continuous periosteal-perichondrial covering of the bony and 

vaults; 3. the way the cartilaginous support of the bony vault is 

constructed. 

Ad 1. One of the issues that we addressed was whether the 

structure of the periosteum of the nasal bones relates to its 

function. At the microscopic level we found that the periosteum 

of the nasal bones is composed of two layers: a thick layer of 

collagen fibers overlying both nasal bones, and a thinner layer 

of collagen fibers, i.e. the periosteum proper, surrounding the 

individual nasal bone. Our findings are consistent with previous 

reports that the periosteum covering the outside of bone is 

divided into two layers: a fibrous layer containing fibroblasts 

that produce type I collagen, and a cambial/osteogenic layer 

containing progenitor cells that can differentiate into osteo-

blasts that are responsible for increasing the thickness of bones 
(3, 4). Consistent with this knowledge, the overlying periosteum is 

responsible for the toughness of the whole periosteum. In cor-

rective nasal surgery, the anatomic knowledge of nasal bones 

and its periosteum is of great importance (5). Resecting a bony 

Figure 7. A) Overview of the lateral wall of the external nasal pyramid showing the relation (an underlay) of the triangular cartilage (red arrow) and the 

nasal bone (arrowhead), the lobular cartilage (yellow arrow), and the periosteal-perichondrial covering (black arrow) of the bony and cartilaginous 

nasal vault. B) High magnification of a detail of A) showing the periosteal-perichondrial covering of the bony and cartilaginous nasal vault at the 

underlay of the triangular cartilage and the nasal bone. The pink to red-stained, coarse, closely packed bundles of collagen in the periosteal-perichon-

drial transition are interwoven by elastin fibers (white arrows) that are stained black (5x) (specimen 4, Verhoeff-van Gieson staining).

A B



94

Popko et al.

cartilaginous nasal vaults. There have been numerous macro-

scopic and microscopic studies of the nasal soft tissue suppor-

ting structures. These studies have shown a fibrous connection 

between the lateral crus of the lobular cartilage, the triangular 

cartilage, and the piriform aperture (7-10). In our study, we report 

the presence of a periosteal-perichondrial covering of the nasal 

bones and cartilaginous vault which additionally may contribute 

to the integrity and stability of the external nose. Disruption of 

the periosteal-perichondrial covering especially at the underlay 

between the triangular cartilage and the bony nasal pyramid 

may thus compromise the stability of the entire lateral nasal 

wall. During traditional rhinoplasty techniques, if the bony and 

cartilaginous dorsum is lowered, the triangular cartilages are 

intraseptally separated from the septum and thus dependent 

on their connection (11), i.e. periosteal-perichondrial covering, 

with nasal bones for their support. Therefore the integrity of 

the periosteal-perichondrial covering  should be protected by 

gentle and judicious dissection.

Ad 3. An interesting finding was the shape of the septal cartilage 

in the subnasal triangular space, the area where the septum un-

derlies the nasal bones. There the shape of the septal cartilage 

resembles the letter Y. We propose naming this construction the 

septal Y-beam. This issue has not been recognized previously. 

Interestingly, originally the Y-beam model was developed in 

contemporary structural engineering for construction of bridges 
(12). The result of the parameter study, and requirements for a 

beam designed specifically for spaced beam and slab construc-

tion to adjust loading standards, led to the development of the 

new shape, the Y-beam. In this regard, it is interesting to note 

that the reason for the particular shape of the septal cartilage 

reflects its function, i.e. providing the best structural efficiency 

and robustness against collapse of the external nose.

While investigating the Y-beam and subnasal triangular space, 

we observed a robust blood supply in the latter. In general, 

mature cartilage has a very limited capacity to repair and rege-

nerate, partly because of its poor blood supply. Most cartilage 

is devoid of blood vessels, and consequently the exchange 

of metabolites between chondrocytes and the surrounding 

tissues depends on diffusion through the water of the ground 

substance (3). Our study showed that at the site where the 

cartilage particularly supports the nasal pyramid, a subnasal 

Figure 8. A) Higher magnification of the subnasal triangular space. The subnasal triangular space is composed of collagen fibers interspersed with 

blood vessels: artery (white arrow) and vein (black arrow) (5x) (specimen 1, Mallory-Cason staining). B) Higher magnification of the subnasal triangular 

space stained with Verhoeff-van Gieson stain shows an abundance of collagen fibers (staining red). There are no elastin fibers that would stain black 

with this method (5x) (specimen 1, Verhoeff-van Gieson staining). 

A B
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triangular space conveys prominent vessels into the region with 

a crucial supportive function. Consistent with the knowledge 

in histology (3), in the subnasal triangular space we were able 

to distinguish several arteries of different size, and veins, when 

they run together. In corrective nasal surgery, resection in the 

region of the subnasal triangular space may damage vessels 

which could compromise the blood supply and limit the healing 

capacity. Given the complexity of the subnasal triangular space, 

it is essential to state that hump resection is rather a destructive 

procedure in rhinoplasty. Concerns for soft tissue and cartilage 

damage from hump removal stimulated surgeons to use power 

tools in this region of the nose (13, 14). Nevertheless, hump reduc-

tion is a persistent problem for many surgeons with relatively 

high number of complications. In cases where resection of the 

cartilaginous and bony part is necessary, one should keep in 

mind that it is possible to reduce the dorsum by bilateral wedge 

resection (6). 

The strength of this study is that we made sections of the entire 

external nose. This approach enabled us to study the continuity 

of all anatomical structures. A drawback of this approach is that 

it is technically challenging and labour-intensive. This is related 

to the limitation of the this study that only four nasal specimens 

were studied. However, given the consistency of the findings 

there is no reason to believe that increasing the number of 

specimens would lead to different results. This is in line with the 

literature which shows that many descriptive anatomical studies 

are based on a limited number of specimens (15, 16).

Conclusion
The detailed findings described in the present study may have 

clinical relevance in nasal surgery. When addressing the bony 

pyramid deformity, a subperiosteal tunnel is in fact created 

under the thicker layer of the periosteum overlying both nasal 

bones. Furthermore, avoiding disruption of the periosteal-

perichondrial nasal envelope and preserving the cartilaginous 

support – i.e. the Y-beam – of the bony vault may maintain 

the stability of the external nose. Finally, preservation of the 

subnasal triangular space may reassure both the integrity of the 

cartilaginous support of the bony vault, and appropriate a blood 

supply crucial for the healing process. Understanding these 

findings provides new insight into the functional anatomy of the 

nose and thus may influence operating techniques. 
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