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CHAPTER 1

GENERAL INTRODUCTION



The narrowest part of the nasal airway has interested rhinologists for more than a 
century. In 1882 Zuckerkandl, professor of anatomy in Vienna, first drew attention 
to the small opening bounded by the caudal end of the lateral nasal cartilage and 
the septum, being an extremely narrow part of the nasal passage (Fig. 1):

”.. die Falte der Cartilago triangularis ... bildet mit der Nasenscheideivand eine in die 
Nasenhöhle führende Spalte (inneres Nasenloch), welche bei weitem enger ist, als das äussere 
Nasenloch ” (Zuckerkandl, 1882)*

Figure 1. Zuckerkandl 's original drawing of the ostium internum of the nose. The fold formed 
by the caudal adge of the lateral nasal cartilage is indicated with a (From: Zuckerkandl, 1882).

Since this description, this opening has been termed the ostium internum of the 
nose. Zuckerkandl postulated that the fold in the lateral nasal wall, formed by the 
caudal edge of the lateral nasal cartilage is important for directing the incoming air 
towards the inferior meatus.
Later, the Dutchman Mink, otorhinolaryngologist in Deventer and Utrecht, 
extended this concept by suggesting that the ostium internum is not a rigid 
opening, but part of a dynamic, valvular device, formed by the lateral nasal cartilage 
(Mink, 1902; Mink, 1920) (Figs. 2, 3):

* ”... the fold of the triangular cartilage ... forms together with the nasal septum a slit in the 
nasal passage (ostium internum), which, when widened, is more narrow than the nostril”
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Oie als Nasenklappe bezeichneten dreieckigen Teile der Nasenseitewcmd entspricht eine ... 
Knorpelplatte. Diese führt den Namen cartilago nasi lateralis ... Ihre Unterränder spielen die 
Hauptrolle, so daß die Engpässe, welche diese mit dem septum bilden den von Zuckerkandl 
herrührenden Namen innere Nasenöffnungen mit Recht führen (Mink, 1920)

Nasenrücken ______

Apertura pyrifurmis

Figure 2. Model of the external nose as presented by Mink, showing the nasal valve 
('Nasenklappe’) and ala (‘Nasenflügel’) as parts of the lateral nasal wall (From: Mink, 1920).

Vestibulum nasi
voncnae

Nasengänge

Naso {epi) pharynx

.. Falatum
— Isthmus pharyngo-pala- 

tinus
—. Oro [meso) pharynx

Septum mobile i

Septum cartilagineum

[—• Isthmus pharyngo-epi-
, glotticus
■■■■ Laryngo (hypo)pharynxVestibül.

Labium tocalc

Glottis

Figure 3. The nasal valvenasal valve as part of the upper respiratory tract (From: Mink, 1920).

" "The triangular part of the lateral nasal wall W^h ” ^Xge ^Its caudal edge plays
with a ... plate of cartilage. This bears the name a e > - • tum is rightly named
a major role, so that the slit-like opening which it forms with the septum g 
ostium internum by Zuckerkandl”
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Mink compared the valve to a door which allows or restricts access to the nasal 
cavity, thereby quantitatively regulating the inflow of air. He considered the nasal 
muscles to play an active role in regulating the width of the ostium internum and 
in counteracting compression of the valve during inspiration.
Bridger and Proctor (1970) took this one step further and introduced the concept 
of a collapsible device that only acts to limit the amount of airflow, a so-called floiv- 
limiting segment. Nasal muscles would support and enhance the rigidity of this 
segment, thus providing passive regulation of airflow with a maximum determined 
by collapse. One could hypothesize that a limitation of airflow is beneficial under 
circumstances where the ability of the nose to moisten and warm the incoming air 
becomes threatened. At that point the Bernoulli effect produces a critical pressure 
drop inside the nasal passage, causing the flow-limiting segment to collapse 
(Bridger, 1970; Bridger and Proctor, 1970). In view of the natural tendency to resort 
to oral breathing, which from a respiratory view is less optimal, this does not seem 
to be a plausible concept.
Thus, whilst the importance of a narrow area in the nose appears to be generally 
acknowledged, there is still some ambiguity with regard to its exact function. As far 
back as I960, Cottle emphasized that Mink’s nasal valve is not so much for 
quantitative regulation of inspiratory airflow, but instead qualitative. This concept 
is a recurring theme in modern publications (Swift and Proctor, 1977; Cole, 1982a; 
Cole, 1992). Indeed, the physiological importance of this narrow area is to induce 
a change in airflow characteristics at the entrance of the nasal cavity. The ensuing 
disruption of laminar airflow and change into a more turbulent pattern of flow 
promotes intimate contact between air and mucosa inside the nasal cavity, thus 
facilitating the warming and moistening of inspired air (Swift and Proctor, 1977; 
Cole, 1982a; Cole, 1992).
The concept of a nasal valve is deep rooted in the rhinological literature. This is 
perhaps unfortunate, since it has already become apparent that, from a functional 
point of view, this is not an adequate description of the narrowest part of the nose. 
The use of the term nasal valve area is similarly widespread and even though it does 
not do complete justice to this structure, for the sake of clarity, we will continue to 
use it. The valve area is anatomically defined as a nasal segment, bounded laterally 
by the caudal end of the lateral nasal cartilage and fibrofatty tissue of the lateral nasal 
wall, posteriorly by the head of the inferior turbinate, medially by the septum, and 
inferiorly by the floor of the nose (Kasperbauer and Kern, 1987). The term nasal 
valve proper is used for the opening bounded by the caudal edge of the lateral nasal 
cartilage laterally and septum medially (in fact Zuckerkandl’s ostium internum).
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The nasal valve area is made up of static and dynamic structures. The static 
components are the rigid cartilaginous septum and hone at the level of the piriform 
aperture, the dynamic components are: 1) erectile tissue at the head of the inferior 
turbinate and the septum, 2) cartilages and muscles of the lateral nasal wall. Ihese 
two dynamic components are controlled by different neural mechanisms, but they 
tlo not function independently of each other (Cole et al., 1985). It appears that they 
are dynamically interrelated, the erectile mucosa providing a relatively slow 
tuechanism for changes in nasal lumen and nasal resistance, the compliant lateral 
oasal wall having a more rapid, breath-by-breath regulating effect.
Whereas the erectile tissue has been subjected to extensive research (Cole, 1982b), 
the role of the lateral wall of the external nose in valve area functioning has 
received far less attention. Although in the literature, numerous descriptions of the 
anatomy of the composing parts, the nasal cartilages and muscles, exist, they are 
°ften contradictory and ultimately incomplete. Furthermore, scant attention is 
given to the mechanical properties of these structures and their attachments, 
which determine the stability and mobility of the lateral nasal wall. This is 
unfortunate, because these data are essential for understanding the functioning of 

rhe valve area as a whole.
These considerations prompted us to perform the investigations outlined in this 
thesis. The results may help the rhinosurgeon to prevent complications in the nasal 

valve area or treat valvular pathology.

Objectives
The aim of this thesis is to describe and understand the factors that determine the 
stability and mobility of the lateral nasal wall in order to gain more insight into the 
dynamics of the valve area. The following questions will be addressed:
T What is the role of the human nasal cartilages and muscles in the stability and

mobility of the lateral nasal wall?
2- Does the functional anatomy of the nasal cartilages and muscles in various 

mammals provide additional insight into the role of these structures in the 

human nose?
T Does the newly gained knowledge give more insight in the functioning of the 

nasal valve area?
‘T What are the consequences of this knowledge for our surgical approach?

This treatise begins with a literature survey of the functional anatomy of the nasal 
cartilages and muscles (chapter 2). There proved to be little consistency and
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overlap between the various studies, so that no definitive picture could be formed. 
This was further hampered by the lack of a uniform, systematic nomenclature.
In order to describe in detail the structural facts that define the stability and mobility 
of the lateral wall of the external nose, we performed an anatomical study of human 
cadaveric noses, the results of which are presented in chapters 3 and 4. Unlike 
previous studies, we made use of a combination of three different investigative 
techniques (dissection, cross-sectioning and computerized 3-D reconstruction), so 
as to obtain maximum information from the anatomical specimens.
Since anatomical observations can only provide us with insight into the functional 
potential of nasal muscles, we have complemented this descriptive study with an 
experimental study using electromyography (chapter 5). Such a technique enables 
the investigation of the actual activity of the nasal muscles, and may help us 
understand how nasal muscles are coordinated in action. For this purpose, we had 
to develop a method for selective and simultaneous recording of the activity of the 
various nasal muscles.
Chapter 6 describes the results of a comparative anatomical study of the noses of 
various mammals. The use of dissection and cross-sectioning may allow the 
identification of a basic pattern in the design of the lateral nasal wall and valve area. 
This has not been specifically looked at in previous comparative studies. 
Differences in construction resulting from functional adaptations reveal specific 
evolutionary developments. This can provide additional insight into the 
functioning of the valve area in man.
In the final chapter, the results of the investigations described are discussed. Based 
on this discussion the concept of a nasal valve area is critically reviewed. Finally, 
some surgical applications of our findings pass in review.
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CHAPTER 2

REVIEW OF THE FUNCTIONAL 
ANATOMY OF THE HUMAN NASAL 

CARTILAGES AND MUSCLES
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INTRODUCTION

The site of maximum resistance to airflow in the nose has been a point of interest 
since the beginning of this century. In 1882 Zuckerkandl described the ostium 
internum of the nose as the narrowest part of the nasal passage, a structure formed 
by the slitlike opening bounded by the caudal end of the lateral nasal cartilage and 
the septum. Later, Mink introduced the more dynamic concept of a nasal valve 
formed by the mobile lateral nasal cartilage, being the airflow regulating part of the 
nose (Mink, 1902; Mink, 1920). He assumed that the dynamics of the nasal valve 
were determined primarily by the alar muscles regulating the width of the ostium 
and preventing collapse of the valve. Mink thus gave a clear functional and 
morphological definition of the nasal valve, attributing a major role to the lateral 
nasal wall in its regulating function. Observations of Uddströmer (1940) and Van 
Dishoeck (1942) confirmed the importance of the nasal valve in the regulation of 
nasal patency. Since these early years many studies have been performed to 
elucidate the nature of the valve and the role of the lateral nasal wall in its mobility. 
By measuring intranasal pressures with a fine catheter Bridger (1970) was able to 
describe a ‘flow limiting segment’ extending from the junction of the lateral nasal 
and greater alar cartilage to the piriform aperture, the rigidity of the segment being 
determined by the lateral nasal cartilage, its attachments and the alar muscles. 
Bridger considered dilator muscles to be important in increasing the rigidity of the 
nasal valve. In similar physiological studies other investigators found the main 
airflow resistance to be in the region of the piriform aperture with a minor role for 
the cartilaginous vestibule (Haight and Cole, 1983; Jones et al„ 1988). This 
correlated with the findings from an anatomical study using luminal impressions by 
Bachmann and Legier (1972), who found the main resistance-regulating effect not 
to be in Mink’s valve, but in the soft tissue dorsally to the lateral nasal cartilage near 
the piriform aperture.

It is evident that the actual site of main airflow resistance in the nose is still a matter 
of controversy. More in particular, the role of the mobile lateral nasal wall in 
valvular anatomy and in the airflow regulation process is still not well understood. 
Detailed anatomical knowledge of the supporting cartilaginous and muscular 
structures, as well as knowledge regarding the mechanism of stability and mobility 
may provide more insight in the role of the lateral nasal wall in valvular function. 
Since a uniform description of the anatomical and functional properties of the nasal 
cartilages and muscles is lacking in the literature, we consider a review study

18



indicated. The rhinosurgeon may benefit from accurate anatomical knowledge in 

tlie surgical management of nasal valve pathology.

THE nasal cartilages

The cartilaginous framework of the external nose consists of five major cartilages 
and a variable number of smaller ones. There is considerable difference in 

terminology in the anatomical and surgical literature (see Table 1).

Tabel 1. Nomenclature of the nasal cartilages.

Anatomical name
(from Nomina Anatomica, 1989)

Synonyms

cartilage septi nasi 
(septal cartilage)

quadrangular cartilage

cartilago nasi lateralis 
(lateral nasal cartilage)

upper lateral cartilage 
triangular cartilage 
lateral cartilage

cartilago alaris majoris 
(greater alar cartilage)

lower lateral cartilage 
alar cartilage 
lobular cartilage 
tip cartilage

cartilagines accessoriae 
(accessory cartilages) 
cartilagines alares minores 
(lesser alar cartilages)

sesamoid cartilages

sesamoid cartilages* accessory cartilages

(‘■not mentioned in Nomina Anatomica, 1989)

We have chosen to adopt the anatomical terminology, based on the 1989 edition of 
Nomina Anatomica. This edition describes a septal cartilage, a lateral nasal 
cartilage, a greater alar cartilage, minor alar cartilages and accessory cartilages 
(Nomina Anatomica, 1989) (see Fig. 1). In addition, some authors describe one or 
m°re small sesamoid cartilages in the intercartilaginous region. These are not 

mentioned in Nomina Anatomica (1989)-
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The nasal cartilages will now be discussed consecutively, with special attention to 
their attachments that provide the cartilaginous framework with mobility. In this 
review are included several original studies on the anatomy of the nasal cartilages 
(Table 2), as well as established texbooks on anatomy or surgery of the nose.

Table 2. Studies on the anatomy of the nasal cartilages.

Author System investigated Method No. of specimens

Daley (1948) GAC unknown
Straatsma & Straatsma (1951) LNC histology 20
Converse (1955) LNC + GAC unknown
Cottle (1955) nasal vestibule unknown
Gunter (1969) GAC dissection 34
Wayoff (1969) nasal anatomy unknown
Janeke & Wright (1971) LNC + GAC dissection 20
Krmpotic et al. (1971) GAC dissection/histology 20
Natvig et al. (1971) LNC + GAC dissection 30

histology 12
Drumheller (1973) LNC + GAC histology 4
Jost et al. (1973) LNC + GAC dissection/histology ?

rhinoplasties
Bernstein (1975) nasal anatomy dissection/ >100

rhinoplasties
De Lara Galindo et al. (1977) LNC dissection/histology 20
LePesteur & Finnin (1977) LNC + GAC dissection/histology 30
Dion et al. (1978) nasal anatomy dissection/histology 31
Zelnik & Gingrass (1979) GAC dissection 27
Daniel & Lessard (1984) nasal anatomy dissection 40

rhinoplasties >100
Lessard & Daniel (1985) nasal anatomy dissection 60

rhinoplasties 25
McKinney et al. (1986) LNC dissection 10

clinical patients 10
Daniel & Letourneau (1988) nasal anatomy dissection >75

histology 25
rhinoplasties 200

Daniel (1992) GAC rhinoplasties 50

Abbreviations:
LNC Lateral nasal cartilage 
GAC Greater alar cartilage
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'gure 1. Anatomy of nasal cartilages.
1 lateral nasal cartilage; (2) lateral crus of greater alar cartilage; (3) medial crus of greater 

cartilage; (4) minor alar (or accessory) cartilage.

Lateral nasal cartilage
' lateral nasal cartilages form, together with the septal cartilage, the upper 
cartilaginous vault of the external nose. One of the synonyms often used is 
1' 'angular cartilage (Table 1), although the shape of the cartilage in the Caucasian 
n°se is actually more quadrangular than triangular (Wayoff, 1969; Minderer, 1971; 
l e *>csteur and Firmin, 1977; Daniel and Letourneau, 1988). On the cranial side the 
lateral nasal cartilage is overlapped by the nasal bone. In a detailed study Straatsma 
and Straatsma (1951) demonstrated that the relationship of the lateral nasal 
cartilage to the nasal bone is a firm, side-to-side apposition with a variable degree 

overlapping. This finding was confirmed by Natvig et al. (1971), who showed the 
area °f overlapping to be most predominant near the septum, progressively 

teasing in a lateral direction. Most authors believe the cartilage and bone to be 
'ntimately connected. Parkes and Kanodia (1981) considered the connection to be 

'fni fibrous union, one of the strongest attachments of the cartilage to its 
‘tdjacent structures’. Bernstein (1975) maintains that the perichondrium of the

1:1 nasal cartilage makes a fairly loose attachment with the periosteum of the 
nasal bones.
^1 cdjally t|K, lateral nasal cartilage is connected to the septum. This relationship 

as ^ccn a point of confusion for a long time. Classically, the lateral nasal cartilages 
Wtre v 'cwcd as paired structures intimately connected to the septum, but not fused 

' 11 (Converse, 1955; Converse et al., 1964; Parkes and Kanodia, 1981). Straatsma
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and Straatsma (1951) clearly demonstrated the upper third of the lateral nasal 
cartilage to be continuous with the septum and the lower two third to be separated 
from the septum by a narrow cleft containing connective tissue. McKinney et al. 
(1986) found fusion of the cartilages farther caudally. The presence of a single 
uninterrupted cartilaginous unit was confirmed by others (Bernstein, 1975; 
DeLaraGalindo et al., 1977; Daniel and Letourneau, 1988). The term septodorsal 
cartilage (or: septolateral cartilage) for nasal septum and both lateral nasal 
cartilages, described in an earlier edition of the Nomina Anatomica (1939), 
therefore seems quite correct. DeLaraGalindo et al. (1977) reintroduced the term in 
vain, since the latest edition of Nomina Anatomica (1989) makes no mention of it.

Greater alar cartilage
The greater alar cartilages form, together with the anterior nasal septum, the 
cartilaginous framework of the nasal lobule. The greater alar cartilage is 
traditionally believed to consist of a medial crus and a lateral crus, coming together 
in an area referred to as the ‘dome’. The two domes are said to be connected by a 
ligamentous sling (interdomal ligament), that would offer additional support to the 
framework of the nasal tip (Janeke and Wright, 1971). For the transitional segment 
between the medial and lateral crus Sheen and Sheen (1987) introduced the name 
‘middle crus’. In this three-crural concept of the greater alar cartilage, which was 
elaborated upon by Daniel (1992), the dome region is where the middle crus joins 
the lateral crus. Apart from the basic two- or three-crural design there is an 
enormous variety of shapes and conformations of the greater alar cartilage. This 
accounts for the great variation in the external configuration of the nasal lobule. 
Daley (1948) studied the ‘morphologic deformities’ of the greater alar cartilages, 
but found it impossible to give an actual classification. Natvig et al. (1971) and later 
Zelnik and Gingrass (1979) did propose a classification system for the shape of the 
medial, as well as the lateral crus. The importance of these classification systems 
lies primarily in the fact that they force the rhinosurgeon to pay careful attention 
to the individual shape and size of the greater alar cartilage in a rhinoplastic 
procedure.
Although the lateral crus is the main cartilaginous structure of the lower part of the 
lateral nasal wall, it forms only a small part of the rim of the nostril. The lateral crus 
approximates the free margin of the nostril border in its medial third and extends 
away from the border of the nostril as it travels posteriorly (Converse, 1955). This 
means that the caudal margin of the greater alar cartilage does not run parallel with 
the margin of the nostril. Some researchers even contend that the name alar
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cartilage is not accurate, as the actual ala of the nose consists primarily of soft tissue
(Krrnpotic-Nemanic et al., 1971; Le Pesteur and Firmin, 1977).
As to the relationship of the lateral crus of the greater alar cartilage to the lateral
ftasal cartilage, anatomy textbooks merely state that they are attached to each other

dense connective tissue (Hollinshead, 1968; Romanes, 1987; Williams, 1995) or
an dPoneurosis, acting as a flexible membrane (Minderer, 1971). Converse (1955,
1964) termed this aponeurotic-like tissue the suspensory ligament of the tip of the

nose, whereas Griesman (1944) called it the intercartilaginous ligament. In most
Cascs, the upper border of the greater alar cartilage overlaps the lower border of
the lateral nasal cartilage. This overlapping of the lateral nasal cartilage by the
greater alar cartilage was clearly demonstrated by G.W. Drumheller (1973), who
als° drew attention to the lateral nasal cartilage curling to varying degrees laterally
dnd upward on its caudal margin. Cottle coined the term ‘returning’ to describe
this Phenomenon, which possibly contributes to widening the cartilaginous vault

an<J producing resistance to alar collapse during inspiration (Cottle, 1955). The
greater alar cartilage in some cases shows a curling medially and downwards on its
superior margin. In this way a scroll is formed with the lower border of the lateral
nasal cartilage, which may allow the lateral crus to pivot and slide up and down

^ori8 its scroll (Bernstein, 1975). A classification of the different types of
nterdigitation was given by Dion et al. (1978), the ‘interlocked scroll’ being the

U)SI frequent one (52%). The other types of articulation were less frequent: 17%
"nd to end, 20% overlap only and 11% opposed scroll. Lessard and Daniel (1985)

1 ITiniel and Letourneau (1988) also found scroll formation in a majority of 
cases 'T'Vi• me protrusion of the intercartilaginous junction into the nasal lumen has 

en §iven different names: limen vestibuli (Dion, 1978; Bernstein, 1975), limen 
naSi (c°nverse, 1955) and plica nasi (Le Pesteur and Firmin, 1977).

Ses,
The
4 nat

anioicl cartilages
so-called sesamoid cartilages of the nose are not mentioned in Nomina

l989°miCa <‘1989)’ nor in established anatomy textbooks (Romanes, 1987; Lang, 
b d ' ^/'^ams’ 1995)- In general, sesamoid cartilages are found all over the human 

Y. usually within tendons and in close relation to articular surfaces. The
adject!tive sesamoid is derived from the close resemblance to sesame seeds 
< f 1 aneS’ Williams, 1995). Their presence in the intercartilaginous junction 

e nose has been corroborated by several authors. In the majority of cases they 
C tahetl sesamoid cartilages (Janeke and Wright, 1971; G.W. Drumheller, 1973, 
rnstein, 1975; Le Pesteur and Firmin, 1977; Dion et al., 1978; Daniel and Lessard,
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1984; Lessard and Daniel, 1985; Daniel and Letourneau, 1988), sometimes 
‘accessory or sesamoid cartilages’ (Hollinshead, 1968) or just ‘accessory cartilages’ 
(Krmpotic-Nemanic et al., 1971). Usually they are seen as small pieces of cartilage, 
in one single case as ‘rectangular cartilaginous lamellas with an axis parallel to the 
near cartilages’ (Jost et al., 1973). One author describes that the sesamoid cartilages 
may act as a ball-bearing mechanism making possible the rolling of the overlapping 
cartilages’ (Griesman, 1944).
It has been suggested that the sesamoid cartilages are the result of fragmentation 
of the nasal cartilages in the ageing process (Krmpotic-Nemanic et al., 1971). This 
phenomenon would be responsible for the droop of the nasal tip in advanced age. 
This view is rightly rejected by others (Jost et al., 1973; Dion et al., 1978; Lessard 
and Daniel, 1985). One of the main arguments against this hypothesis is, that it does 
not account for the presence of sesamoid cartilages in young patients.

The hinge area
Posteriorly, the lateral crus of the greater alar cartilage may extend so that it is in 
actual contact with the bone (Dion et al., 1978). Even an overlapping of the two 
has been described (Gunter, 1969; Bernstein, 1975), in which case the 
perichondrium of the cartilage is said to be attached to the periosteum of the 
maxilla. More often there is a broad area of soft tissue, bounded by the posterior 
part of the lateral crus of the greater alar cartilage, the lateral nasal cartilage and 
the edge of the piriform aperture. This so-called hinge area or ‘external lateral 
triangle’ (LePesteur and Firmin, 1977) may be deprived of supporting structures 
(‘empty triangle ), in which case it is clearly a weak part of the lateral nasal wall 
and may collapse. It may, however, contain one or more pieces of cartilage forming 
an extension of the lateral crus to the piriform aperture. These cartilages are 
purported to be contained in the same perichondrial sheath (Bernstein, 1975) or 
in an aponeurosis (Daniel and Lessard, 1984). Several authors have described one 
or more of these cartilages, albeit without uniformity in terminology: lesser alar 
cartilages (Hollinshead, 1968; Dion et al., 1978; Romanes, 1987; Lang, 1989; 
Williams, 1995), sesamoid cartilages (Janeke and Wright, 1971; Bernstein, 1975; 
LePesteur and Firmin, 1977), accessory cartilages (Daniel and Lessard, 1984; 
Lessard and Daniel, 1985; Daniel and Letourneau, 1988; Lang, 1989). Gilbert and 
Feit (1955) believe that during motion of the lobule, the lateral crura slide overe 
these cartilages, ’’simulating the hinge-joint action of a moat bridge”. Hence, the 
term hinge area,
LePesteur and Firmin (1977) consider these accessory or lesser alar cartilages to be

24



Part of a continuous osseous-cartilaginous ring (‘un anneau circulaire solide osteo- 
cartilagineux’), made up of the inferior part of the septum, resting on the nasal 
sPine of the maxilla, the medial and lateral crura and a chain of small cartilages. An 
essential feature of this chain would be the ‘elastic rigidity’ of the alar part of the 

rin8 (Daniel and Letourneau, 1988).

the nasal muscles

The literature on nasal muscles is rather limited. Original research that has been 
Performed on the nasal musculature is scarce (Table 3), therefore the majority of 
information in this review is derived from a broad array of anatomy textbooks, 

recent as well as old.

Table 3. Studies on the anatomy of the nasal muscles.

Author System investigated Method No. of specimens

Hriesman (1944) nasal muscles unknown
Schmalix (1968) nasal muscles unknown
Zide (1985) nasal muscles unknown
ßaniel & Letourneau (1988) nasal anatomy dissection >75

histology 25
rhinoplasties 200

Letourneau & Daniel (1988) nasal muscles dissection 20
histology 10

'T'l e i989 edition of Nomina Anatomica only mentions four muscles of the nose:
• nasalis (with a transverse and alar part), M. depressor septi, M. levator labii 

superioris alaeque nasi and M. procerus. The procerus muscle is also described as 
°nging to the orbital group of muscles (Hollinshead, 1968), whereas the M. 

evator labii superioris alaeque nasi is also considered to be part of the group of 
uPper labial muscles (Hollinshead, 1968; Romanes, 1987). Apart from the four 
niUscles mentioned various other muscles are described by different authors: one 
°r tWo dilator muscles (Sappey, 1889; Eisler, 1912; Testut, 1928; Braus-Elze, 1929; 

Hesman, 1944; Paturet, 1951; Rouvière, 1962; Hollinshead, 1968; Daniel and 
urneau, 1988; Letourneau and Daniel, 1988), a M. compressor narium minor 

etourneau and Daniel, 1988; Tardy, 1990), a M. apicis nasi or ‘muscle of the nasal 
'P (hisler, 1912; Braus-Elze, 1929; Lang, 1989) and a M. anomalus nasi (Eisler, 1912;
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Braus-Elze, 1929; Letourneau and Daniel, 1988; Daniel and Letourneau, 1988; Tardy, 
1990). The nasal muscles are said to be interconnected by a fascial network, thus 
forming the so-called nasal superficial musculo-aponeurotic system of the nose 
(SMAS) (Daniel and Letourneau, 1988; Tardy, 1990). This nasal SMAS would be 
continuous with the SMAS covering the rest of the face.
There is wide disagreement regarding the number as well as the nomenclature of 
the different nasal muscles (Table 4). As to the function of the nasal muscles several 
classification systems are used. The most commonly used is the division in dilators 
and compressors of the nose, a dilator assisting in widening the nasal opening, a 
compressor compressing the nasal opening (Romanes, 1987; Williams, 1995). In 
addition, Griesman (1944) distinguishes elevator and depressor muscles: elevator 
muscles shorten the nose and depressor muscles lenghten the nose.

Tabel 4. Nomenclature of the nasal muscles

Anatomical name
(from Nomina Anatomica, 1989)

Synonyms

M. nasalis
1. pars transversa (transverse part)

2. pars alaris (alar part)

M. transversus
M. compressor naris
M. triangularis nasi
M. dilatator naris (posterior)
M. myrtiformis (lateral bundle)

M. depressor septi M. myrtiformis (medial bundle)

M. levator labii superioris alaeque nasi M. levator alae nasi
M. quadratus labii superioris

M. procerus M. pyramidalis

M. dilatator naris* M. alaris (major)
M. alae nasi
M. dilatator naris anterior
M. dilatator naris posterior

M. apicis nasi* M. dilatator naris anterior
M. compressor narium minor

M. anomalus nasi* M. innominatus

(‘mot mentioned in Nomina Anatomica, 1989).
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Independent of their shortening or lengthening effect, the majority of nasal muscles 
said to assist in widening the nasal opening. Griesmans classification has been 

adopted by Letourneau and Daniel (1988) and by Tardy (1990) in his textbook on 
SUrgical anatomy. An alternative functional classification has been proposed by 
Schrnalix (1968): he prefers the use of the terms abductor, adductor and inward 
r°tator in stead of dilator and compressor. Zide (1985) believes that the nasal 
Musculature, more specifically both transverse parts of the nasalis muscle and the 
procerus muscle, moves on the nasal skin in stead of actually contracting or dilating 
the nares. Since it is not clear what the role of each muscle in lateral nasal wall 
Mobility is, all muscles will be discussed consecutively with special emphasis on 
their possible functional implication.

Paturet (1951) 
Rouvière (1962)

Letourneau et al. (1988) 
Tardy (1990)

Figure 2. Nasal muscles as shown in established textbooks of anatomy.
(1) M. procerus (M. pyramidalis); (2) M. levator labii superioris alaeque nasi; (3) M. nasalis, 
Pars transversa (M. transversus); (4) M. nasalis, pars alaris; (5) M. dilatator nans; (6) M. 
depressor septi; (7) M. apicis nasi; (8) M. myrtiformis.

M. w&salis
Th6 ^' oasalis is invariably seen as an important constituent of the nasal muscular 
^etwork. It consists of a transverse and an alar part. In french anatomy textbooks, 

transverse part is described as a separate transverse muscle, whereas the alar 
1 art is not mentioned as such (Sappey, 1889; Testut, 1928; Paturet, 1951; Rouvière, 
^h~) (see Fjg 2b). The transverse part of the nasalis is usually described as arising 

Mi the maxilla and inserting, together with the opposite muscle, into an
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aponeurosis on the nasal dorsum. Sometimes it is said to have its origin in the 
aponeurosis on the nasal dorsum and its insertion into the skin of the nasolabial 
sulcus (Sappey, 1889; Testut, 1928; Paturet, 1951; Rouvière, 1962). The small alar 
part of the M. nasalis is described as arising from the maxilla, together with the 
transverse part (see Fig. 2a and 2c). The alar part is attached to the alar skin (most 
authors) or the cartilaginous ala (Williams, 1995; Hollinshead, 1968; Letourneau 
and Daniel, 1988). Eisler (1912) and Schmalix (1968) describe two muscle bundles 
in the alar part, a lateral one going to the skin of the alar rim (corresponding to the 
alar part as described above) and a medial one going to the septum and medial crus 
of the greater alar cartilage (probably the equivalent of the M. depressor septi, 
which will be discussed later). These muscle bundles seem to correspond with the 
so called M. myrtiformis, that is decribed in french anatomy textbooks (Sappey, 
1889; Testut, 1928; Paturet, 1951; Rouvière, 1962) (see Fig. 2b). In the french 
literature, the alar part of the nasalis is not described as such.
There are differences of opinion concerning the action of the M. nasalis. Usually, 
the transverse part is attributed with a compressor function, although Schmalix 
(1968) speaks about an adductor function. Sappey (1889) and later Testut (1928) 
and Griesman (1944) assert that the transverse part acts together with the 
myrtiform muscle (a combination of alar part of the M. nasalis and M. depressor 
septi) as a semi-circular nasal sphincter. In contrast, Rouvière (1962), Paturet 
(1951) and Braus-Elze (1929) assert that the transverse part acts as a dilator. Paturet 
(1951) asserts that the myrtiform muscle is the only actual compressor of the nose. 
The alar part of the nasalis is said to have a dilator function by drawing the ala 
laterally (Sieglbauer, 1958; Hollinshead, 1968; Romanes, 1987; Lang, 1989; Williams, 
1995). According to Schmalix (1968) the alar part should therefore be called an 
abductor. Griesman (1944), Letourneau and Daniel (1988) and Tardy (1990), 
attribute a depressor function to the alar part, lengthening the nose and dilating 
the nostril. Because of its supposed dilating effect, some believe the alar part in fact 
to be the dilator naris (Romanes, 1987; Sieglbauer, 1958; Williams, 1995). Finally, to 
confuse things completely, the alar part of the nasalis is also seen as a compressor 
of the nostril (Braus-Elze, 1929), whereas Eisler (1912) believes that the M. nasalis 
as a whole compresses the nostril.

M. dilatator naris
Not all textbooks agree as to the presence of a specific dilator muscle of the nose. 
Some consider the alar part of the nasalis to be the actual dilator (Romanes, 1987; 
Sieglbauer, 1958; Williams, 1995), only a few researchers mention the presence of
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°ne or two specific dilators. An early and precise description of a specific dilator 
Muscle, based on meticulous dissection of cadaveric noses, was given by Sappey 
(1889). He describes the dilator muscle as the smallest muscle of the face, indeed 
°ften so small, that it can only be detected by microscopical examination. The 
'"Liscle arises from the alar skin and cartilage and inserts into the skin of the 
nasolabial groove (see Fig. 2b). This view has been adopted by other french authors 
(Rouvière, 1962; Paturet, 1951; Testut, 1928). In his review on nasal muscles Eisler 
(1912) asserts that the presence of a dilator muscle has never actually been proven, 
kut that its presence can only be assumed (‘Das Vorhandensein eines Dilatator 
narium ist also ein Postulat’). In contrast with Sappey, Eisler describes the alleged 
dilator muscle or (major) alar muscle’ not as a small, delicate muscle, but as a 
Powerful muscle lying between the edge of the piriform aperture and the alar skin. 
This alar muscle of Eisler is seen as inward rotator by Schmalix (1968). Letourneau 
ancl Daniel (1988) describe the dilator muscle as a small, fanlike muscle that 
0riginates from the lateral nasal cartilage and alar part of the nasalis and inserts into 
iho caudal margin of the lateral crus and alar skin. Hollinshead (1968) describes 
tw° dilator muscles, an anterior and a posterior one, both consisting of a delicate 
Muscle bundle. The posterior dilator is said to arise from minor alar cartilages, the 
anterior from the greater alar cartilage. They both pass downward, close to the 

er of the nasal aperture to insert into the skin near the margin. Lang (1989) 
c°nsiders the angular head of the levator labii aleaque nasi to be the actual dilator
of the „ine nares.

apicis nasi
p. I

‘ er (1912) believes that the alar or dilator muscle is assisted in its widening 
I lon hy the very small ‘muscle of the nasal tip’ or M. apicis nasi, lying on the 

er half of the lateral crus (see Fig. 2c). This muscle is very often absent. It is said 
widen the anterior part of the nostril (Eisler, 1912; Braus-Elze, 1929; Griesman, 

tl * ^an8’ 1989). However, when the greater alar cartilage is thin, it may narrow 
c nasal aperture anteriorly and widen it posteriorly (Eisler, 1912; Schmalix, 1968;

(Leti
8’ 1989). Some authors call this muscle the compressor narium minor 
ourneau and Daniel, 1988; Tardy, 1990), probably in the belief that the

^pressor function is more important than the dilator function.

T?' Procerus 
The procerus muscle (Lai. slim or slender) is usually seen as the downward 

Winuation of the occipitofrontal muscle, leading into the transverse aponeurosis
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on the nasal dorsum (Romanes, 1987; Lang, 1989; Williams, 1995). Ocassionally its 
fibers may reach the nasal ala (Griesman, 1944; Lang, 1989). Because of its fan-like 
structure it is also called the M. pyramidalis (Sappey 1889; Testut, 1928; Paturet, 
1951). Most authors agree that its influence on the nose is actually limited. The 
procerus muscle draws down the skin at the root of the nose and thus produces 
transverse wrinkling of the skin in this area. The procerus muscle thus can be seen 
as an antagonist of the frontal muscles (Sappey, 1889; Testut, 1928). It is also 
believed to be an antagonist to the depressing effect of the transversus part of the 
M. nasalis (Griesman, 1944; Letourneau and Daniel, 1988), because, in cases in 
which the fibers insert into the ala, the procerus elevates the ala and thus dilates 
the nostril. Letourneau and Daniel (1988) and Tardy (1990) have adopted this view 
of the procerus being an elevator of the nose.

M. levator labii superioris alaeque nasi
The M. levator labii superioris alaeque nasi is said to have a small medial slip (or 
angular head’), that inserts into the nasal ala, more precisely the perichondrium of 
the lateral crus of the greater alar cartilage (Lang, 1989), covering the origin of the 
transverse portion of the nasalis (Letourneau and Daniel, 1988). It arises from the 
frontal process of the maxilla. It would act as a dilator of the nostril (Lang, 1989; 
Williams, 1995) or as an elevator muscle, shortening the nose and dilating the 
nostril (Griesman, 1944; Letourneau and Daniel, 1988; Tardy, 1990). Sappey (1889) 
describes a superficial and a deep levator muscle, that seem to be identical to the 
levator labii alaeque nasi and levator labii superioris. They act together in drawing 
the lip and nasal ala upwards.

M. depressor septi
The depressor septi muscle is attached to the maxilla above the incisor tooth, 
together with the fibers of the alar part of the M. nasalis. It is said to ascend to the 
medial crus of the greater alar cartilage (Lang, 1989; Letourneau and Daniel, 1988) 
or to (the mobile part of) the septum (Hollinshead, 1968; Romanes, 1987; 
Letourneau and Daniel, 1988; Williams, 1995). Some fibers may insert into the 
posterior part of the ala of the nose (Hollinshead, 1968). Contradictory functions 
are ascribed to it. The depressor septi draws the septum downwards and thus pulls 
down the lobule (Letourneau and Daniel, 1988). This movement is said to widen 
the nasal aperture (Griesman, 1944; Lang, 1989; Williams, 1995) and enlarge the 
valve opening (Cottle, 1955) or narrow the nostril (Romanes, 1987; Hollinshead, 
1968). Converse et al. (1964) stress the importance to preserve the function of the
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depressor septi, because of its supposed role in tensing the membranous septum 
at the initiation of nasal inspiration.

anomalus
The anomalus muscle lies on the lateral side of the bony nose, covering the area 
between the orbicularis oculi and procerus muscles. It is a very thin muscle, 
Probably absent in the majority of cases. Origin and insertion are not uniformly 
described, but it seems as though both attachments are on the same bone. The 
ar»omalus muscle is described by Sappey (1889) (as M. innominatus), Eisler (1912) 
ar|d Griesman (1944). Letourneau and Daniel (1988) and lardy (1990) attribute an 
elevator role to the muscle. More likely, it is of little or no importance.

Discussion

'T'i

e cartilages and muscles of the nose have been given various names by different 
‘U|thors. This lack of uniform terminology is very confusing. Therefore, we advocate 
the use of the anatomical nomenclature presented in Nomina Anatomica. Table 1 
and 4 list the terms given by the 1989 edition. The so called sesamoid cartilages are 
not mentioned in Nomina Anatomica. However, because of their possible 
,ir>portance in the mobility of the intercartilaginous region, they do deserve 
Mentioning The sesamoid cartilages have to be differentiated clearly from the 
ITunor alar or accessory cartilages in the so called hinge area.

to the nomenclature of the nasal muscles, Nomina Anatomica only indicates the 
names of four muscles. No mention is made of the M. dilatator naris. Furthermore, 
^cither the muscle of the nasal tip, nor the (probably insignificant) M. anomalus 
,las' is mentioned. The literature indicates three possible views of the nasal 
Musculature. These views are illustrated in Fig. 2. Modern anatomy textbooks, such 
as Romanes (1987) and Williams (1995) simply restrict themselves to three nasal 
Muscles: the M. nasalis, procerus and depressor septi (Fig. 2a). The M. levator labii 
superioris alaeque nasi is also depicted, but is actually considered to be part of the 
8r°up of labial muscles. The second view is represented by Sappey (1889) and 
uher french authors (Fig. 2b). They distinguish a separate transverse muscle 

( transverse part of the M. nasalis), a dilator muscle, a pyramid muscle (=procerus 
Muscle) and a myrtiform muscle. The myrtiform muscle more or less corresponds 
with the depressor septi and alar part of the M. nasalis. The third view is that of the 
1asal muscular system being composed of the M. nasalis, M. procerus, M. depressor
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septi, M. apicis nasi and M. dilatator naris (Fig. 2c). Sometimes the M. anomalus 
nasi is added to this description (not depicted in Fig. 2c). This view is propagated 
by Daniel and Letourneau (1988), Hollinshead (1968) and Tardy (1990), but was 
first described by Eisler (1912). Although the outline of the nasal muscular system 
follows generally this scheme, the various authors do not agree as to the origin and 
insertion of the muscles. There is also no clarity regarding the function of the 
different muscles. Opposite functions have been ascribed to the same muscle. For 
instance, the alar part of the M. nasalis is seen as a dilator, but also as a compressor 
of the nostril. The division into dilator and compressor muscles is made by most 
authors, but a discussion on the actual mode of action of these muscles is lacking 
or very brief. A description of the dilatory action (whether dilatation leads to 
change of form of the nostril, or to an actual increase in diameter without change 
of form, like in the pupillary aperture) is never subject of discussion. Moreover, 
dilatation of the nasal aperture probably does not lead to an actual decrease in nasal 
resistance (Haight and Cole, 1983). It seems probable though that a ‘dilating’ action 
of one or more nasal muscles is important in preventing nasal valve collapse 
(Bridger, 1970). As far as nasal compressor function is concerned (as supposed in 
case of the transverse part of the M. nasalis), one may speculate as to its 
significance. According to Griesman (1944) and Romanes (1987) compression of 
the nostril occurs in the production of certain sounds. Compression of the 
vestibule might also play a role in maintaining the air pressure within the oral cavity 
by blockage of the airway (Griesman, 1944) or in directing the air current when 
sniffing by changing the form of the vestibule (Schmalix, 1968). Kern (1978) states 
that ‘the nasal constrictors are not as important phylogenetically in man as they are 
in other life forms, especially aquatic life’.
Anatomical descriptions of the nasal cartilages and muscles do not provide 
sufficient insight into the mechanism of mobility of the lateral nasal wall and valve 
area, although they do form a framework from which to derive a basic model. For 
example, the articulations between the skeletal elements of the nose (nasal bone, 
lateral nasal cartilage and greater alar cartilage) would suggest that the lateral nasal 
wall is composed of a polyarticular chain. Other contributing factors are the muscle 
action in the unsupported part of the lateral nasal wall (the nasal ala) and the 
resilience of the cartilages. Further studies are necessary to investigate these 
features, including the nature of the attachments of the cartilages and the location 
and function of the different muscles that may influence the valve area. This would 
facilitate the development of a model describing the mobility of the lateral nasal 
wall and ala and thus provide information on the dynamics of the valve area.
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CHAPTER 3

A FUNCTIONAL ANATOMICAL STUDY 
OF THE RELATIONSHIP OF THE 

NASAL CARTILAGES AND MUSCLES 
TO THE NASAL VALVE AREA

35



INTRODUCTION

The term ‘nasal valve’ was introduced by Mink at the beginning of this century to 
designate the movable, airflow regulating part of the nose, corresponding to the 
lateral nasal cartilage (Mink, 1902; Mink, 1920). The slitlike opening formed by its 
caudal edge laterally and the septum medially was thought to be particularly 
important in nasal respiration. This two-dimensional region is nowadays looked 
upon as the actual nasal valve (Kasperbauer and Kern, 1978). The straight line 
connecting the posterior end of the caudal edge of the lateral nasal cartilage with 
the septum may be considered the posterior boundary of the valve. The broader 
term nasal valve area is used for the threedimensional nasal segment bounded 
laterally by the caudal end of the lateral nasal cartilage and fibrofatty tissue of the 
lateral nasal wall, medially by the septum, posteriorly by the head of the inferior 
turbinate and inferiorly by the floor of the nose (Kasperbauer and Kern, 1978). The 
valve area is stabilized by cartilage and bone, whereas modulation is supposed to 
occur by nasal muscles and erectile mucosa of the nasal septum and the head of 
the inferior turbinate. However, the precise working mechanism of the valve area, 
more specifically, the mode of action of the nasal muscles and the mechanical 
properties of the osseous-cartilaginous framework of the nose are not clearly 
defined (chapter 2). Knowledge of the functional anatomy of these structures is 
necessary for understanding the kinematics of lateral nasal wall stability and 
mobility and valve area functioning. Therefore, the present investigation was 
undertaken to help satisfy the need for a more precise anatomical description of 
these structures.
To obtain insight into the anatomy of the nasal cartilages and muscles, dissection 
of the external nose alone is insufficient, especially in the alar region, Here, nasal 
muscles may be very small and next to inseparable from the neighbouring 
connective tissue. Therefore, we combined nasal dissection with the study of serial 
sections, a method which has proven its value in the study of very fine anatomical 
structures. The serial sections offered the possibility to complement the study with 
a three-dimensional reconstruction of the external nose, with special reference to 
the nasal cartilages. Such a three-dimensional reconstruction may demonstrate 
details and relationships that are difficult to discern in 2-D sections.
The nomenclature in this chapter is consistently based upon the 1989 Nomina 
Anatomica (NA) edition. Those anatomical structures that are not mentioned in NA 
have been named according to the suggestions outlined in chapter 2.

36



MATERIALS AND METHODS

Preparation
Fifteen human cadaveric noses from Caucasian origin were studied (age 52 to 94 
years). In six of them dissection was performed to study gross anatomy of the nasal 
cartilages and muscles (two specimens < 12 hrs postmortem and four specimens 
preserved in formalin). Nine specimens were used for cross-sectional studies. 
These specimens were all fixated in 10% neutral buffered formaline, washed in 
buffered phosphate and dehydrated in increasing concentrations of alcohol. Eight 
specimens were decalcified with 5% HN03 and embedded in paraffin, one was 
embedded in carboxymethylcellulose and frozen to -20°C (Van Leeuwen et al., 
1990). With a microtome (PMV 200), serial sections of 25 pm thickness (section 
interval: 250 pm) were cut along a coronal plane (n=7), a transverse plane (n=l) 
and along a plane parallel to the nasal dorsum (n=l). The sections were stuck onto 
adhesive tape and stained with hematoxylin-eosin (HE) (n=2), Mallory-Cason 
(n=6) or Mallory-Cason and resorcin-fuchsin (n=l). Finally, the sections together 
With the tape were mounted on glass slides or cardboard. In each cross-section the 
cartilages and muscles were studied macroscopically and microscopically 
(magnification < 20x).

3-D reconstruction
To allow accurate three-dimensional computer reconstruction of the tissues, four 
reference marks were included in the tissue blocks before sectioning. Two blocks 
Were selected for reconstruction: the paraffin embedded nose, cut in a plane 
parallel to the dorsum, and the carboxymethylcellulose embedded nose, cut in a 
coronal plane. Sixty-nine sections of the former and 438 sections of the latter were 
digitized using a video camera and a frame grabber. Digitized images were entered 
into the computer program Analyze’ (version 7.5.4). With the aid of this program 
contours of cartilage and muscle were extracted from the image series, either 
automatically or manually with the mouse, directly from the computer monitor. 
Then these structures were reconstructed in three dimensions. The results were 
compared with the information from the stained sections.

37



RESULTS

Techniques
For cross-sectional studies a combination of embedding in paraffin and staining 
with either Mallory-Cason or resorcin-fuchsin proved to be the best method to 
work up the cadaver nose. Although embedding in carboxymethylcellulose 
resulted in a superior macroscopical picture, microscopy was of inferior quality 
due to freezing artefacts. The embedding procedure is also more elaborate than in 
case of paraffin. Staining with hematoxylin-eosin (HE) was found to give 
insufficient contrast between cartilage, muscle and surrounding tissue.
Creating a 3-D reconstruction was feasible for the nasal cartilages (Fig. 1).

1
Figure 1. Artist’s impression of the computerized 
three-dimensional reconstruction of the nasal 
cartilages in a 45-year old male.

Figure 2. Nasal muscles, superimposed on the 
nasal skeleton of Fig. 1, reconstructed with 
help of the cross-sections. In this particular 
case the extent of the attachment of the M. 
dilatator naris on the lateral crus is limited.

Key: (1) nasal bone; (2) lateral nasal cartilage; (3) greater alar cartilage; (4) accessory 
cartilage; (5) sesamoid cartilage; (6) M. procerus; (7) M. levator labii sup. alaeque nasi; (8) M. 
nasalis, pars transversa; (9) M. nasalis, pars alaris; (10) M. dilatator naris; (11) M. depressor 
septi; (12) M. apicis nasi
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Essentially, it was useful for comparison with the original cross-sections, but did 
not provide additional information as compared to the dissection. Reconstruction 
Was not possible in case of the nasal muscles. They are often so small and their 
fibres so scattered that defining the muscle contour from the section is practically 
impossible. The study of the nasal muscles was therefore entirely based on 
dissection and study of cross-sections.

Nasal cartilages
Fig. 1 shows an artist’s impression of the osseous-cartilaginous framework of the 
external nose based on the 3-D reconstruction of the carboxymethylcellulose 
embedded nose. Coronal sections through another specimen illustrate some 
anatomical observations that apply in a majority of cases (Figs. 3-5). The continuity 
between lateral nasal cartilage (LNC) and septum is clearly visible (Fig. 4). In fact, 
they form a single piece of cartilage and are only separated caudally by a narrow cleft. 
Dissection and investigation of the cross-sections revealed an intimate relationship 
between nasal bone and LNC. The cranial border of the LNC is always nestled under 
the caudal border of the nasal bone with a considerable degree of overlap between 
the two (Fig. 5a). Microscopical investigation of the cross-sections showed the 
Perichondrium of the LNC to be continuous with the periosteum of the nasal bone.

The anatomical relationship in the intercartilaginous area is invariably 
characterized by an overlap of the cranial edge of the greater alar cartilage (GAC) 
over the caudal edge of the LNC, without the two cartilages touching each other. 
During dissection and in the cross-sections we noted some outward curling of the 
caudal edge of the LNC to be common. Outward curling, when present, is limited 
to the anterior inferior part of the cartilage (Fig. 3a). More posteriorly, an inward 
bending of the caudal edge of the LNC may be present (Fig. 4a). Scroll formation 
With the caudal edge of the LNC and cranial edge of the lateral crus of the GAC 
curving in opposite directions was found in three specimens (dissection two, cross- 
sections one).
In our series sesamoid cartilages in the area between the cartilages were 
consistently present, though the size and number of these cartilages were variable 
(Figs. 3a, 4a). These sesamoid cartilages were found to have a rectangular or 
ellipsoid form. Never did we find the lateral crus to reach as far posteriorly as to 
the piriform aperture. Instead, the intermediate area (i.e. the hinge area) always 
contained one or more accessory cartilages (Figs. 1, 5). The cartilaginous structures 
are linked to each other by dense connective tissue. Each cartilage is encased in a
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Figure 3. Coronal section through the anterior part of the external nose (Mallory-Cason, x 2.2) 
3a. Magnification of the intercartilaginous area, showing outward curling of the lower edge of 
the LNC and the presence of a sesamoid cartilage (x 7)
3b. Magnification of the area next to the lateral crus, showing the intermingled fibre 
arrangement of M. apicis nasi and M. dilatator naris, as well as the criss-cross fibre arrangement 
in the ala (x 7).
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Figure 5. Coronal section through the posterior part of the external nose (Mallory-Cason, x 1.8) 
5a. Magnification of the osseous-cartilaginous junction, showing an intimate relationship 
between nasal bone and LNC (x 7)
5b. Magnification of the attachment of fibres of the alar part of the M. nasalis on accessory 
cartilages (x 7).

▲
^ Key: (1) nasal bone; (2) lateral nasal cartilage; (3) greater alar cartilage; (4) accessory 

cartilage; (5) sesamoid cartilage; (6) M. procerus; (7) M. levator labii sup. alaeque nasi; (8) M. 
nasalis, pars transversa; (9) M. nasalis, pars alaris; (10) M. dilatator naris; (11) M. depressor 
scpti; (12) M. apicis nasi.

^ Figure 4. Coronal section through the external nose (Mallory-Cason, x 2)
4a. Magnification of the intercartilaginous area, showing inward curling of the lower edge of 
the LNC (x 7)
4b. Magnification of the fibres of the transverse part of the N. nasalis overlying the lateral nasal 
cartilage (x 7).
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perichondrial envelope with fibers forming a thin fibrous band to join the 
perichondrial capsule of an adjacent cartilaginous structure.

Nasal muscles
A schematic drawing of the nasal muscles, superimposed on the drawing of the 
nasal cartilages is given in Fig. 2. This illustration is representative of the anatomical 
situation found in a single sectioned nose. It should be kept in mind that 
interindividual variation may be considerable. A common denominator of the 
origins and insertions of the nasal muscles is given in Table 1. What follows below 
is an account of the most consistent features, illustrated in coronal cross-sections 
of a single nose (Figs. 3-5).

Tabic 1. Origin and insertion of the nasal muscles.

Name Origin Insertion

M. nasalis, pars transversa maxilla (lateral to fossa 
incisiva)

aponeurosis on nasal dorsum

M. nasalis, pars alaris maxilla (fossa incisiva) alar skin, minor alar cartilage(s)

M. depressor septi maxilla (fossa incisiva) greater alar cartilage (medial crus)

M. levator labii superioris 
alaeque nasi

maxilla (processus 
frontalis)*

upper lip, nasolabial fold

M. procerus occipitofrontalis muscle* aponeurosis on nasal dorsum

M. dilatator naris greater alar cartilage 
(lateral crus)

alar skin

M. apicis nasi greater alar cartilage 
(lateral crus)

skin of nasal tip

These attachment sites were not investigated in this study, data were adopted from Lang 
(1989) and Williams (1995).

Dissection and cross-sections showed that the lateral nasal cartilage (=LNC) has no 
muscular attachments. The transverse part of the M. nasalis overruns the LNC, but 
is not attached to it (Fig. 4b). This muscle also overruns the intercartilaginous joint 
and the cranial part of the greater alar cartilage (=GAC) (Fig. 4). The fibres from 
opposite sides become merged on the nasal dorsum in an aponeurosis. In contrast 
with the LNC the GAC has distinct muscular attachments. The M. dilatator naris is

42



attached, to a variable extent, to the lateral crus and the soft tissue just below the 
lateral crus. Microscopy of the cross-sections showed that in the actual ala, the part 
of the lateral wall of the external nose which is not supported by cartilage, muscle 
fibres of the M. dilatator naris arc arranged in a criss-cross manner (Fig. 3b). The 
Tf. apicis nasi is variably developed, usually very small and therefore only 
detectable in the cross-sections, ft lies adjacent to the anterocaudal part of the 
lateral crus, where its anteroposterior fibres may intersperse the craniocaudal 
running fibres of the M. dilatator naris (Fig. 3b).
In the ala it is difficult to separate the fibres of the M. dilatator naris from those of 
the alar part of the M. nasalis. The latter muscle was found to be attached to the 
accessory (or: minor alar) cartilage(s) (Fig. 5b). Dissection showed that it takes its 
origin, just as the transverse part of the M. nasalis and theM. depressor septi, on the 
maxillary bone, although, as could be seen microscopically, some fibres of both 
Parts of the M. nasalis may branch off to the skin in the nasolabial sulcus and skin 
of the upper lip. The M. depressor septi is attached to the posterior part of the 
medial crus of the greater alar cartilage.
Nasal fibres of the M. levator labii superioris alaeque nasi were found 
intermingling with the transverse part of the M. nasalis. They did not blend into the 
actual ala of the nose. Finally, we found the fibres of the M. procerus to go from the 
root of the nose in the direction of the lobule; they eventually blend into the 
transverse part of the M. nasalis, but not in the ala.

discussion

1- Osseous-cartilaginous framework
based on the results presented above, the anatomy of the osseous-cartilaginous 
junction, the lateral nasal cartilage (INC), the intercartilaginous (IC) junction and 
the lateral crus of the greater alar cartilage (GAC) will be discussed consecutively 
from a kinematic point of view, using terms and concepts from standard textbooks 
(Williams, 1995).

Osseous-cartilaginous junction and la teral nasal cartilage
In the cross-sections we found the connection between the lateral nasal cartilage 
and bone to be a very intimate one, the lateral nasal cartilage underlapping the 
nasal bone considerably. During dissection this tight relationship could be 
confirmed. Furthermore, the LNC was found to be more or less fixed to the nasal
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bone. This is in accordance with the findings of Straatsma and Straatsma (1951) and 
Parkes and Kanodia (1981). The strong osseous-cartilaginous attachment and the 
medial attachment to the septum in fact fixate the LNC in one position. Movements 
of the LNC are only allowed by the elastic properties of the cartilage itself and the 
absence of fixation of the caudal part of the cartilage. At this level there is no 
attachment to the septum medially, neither to the bone laterally. Therefore, the 
caudal edge of the LNC can be displaced parallel to itself (Fig. 6a).

r\

B
NB

LNC

GAC

distortion of LNC

NB

LNC

GAC

t
gliding

r\
NB

LNC

GAC

rotation

distortion of GAC

Figure 6. Movements that determine the mobility of the osseous-cartilaginous chain of the 
nose: distortion of caudal edge of LNC (A); translation in IC-junction (B); rotation in IC- 
junction (C); distortion of lateral crus of GAC (D).
Abbreviations: NB = nasal bone; LNC = lateral nasal cartilage; GAC = greater alar cartilage
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Intercartilaginous junction
In the IC-junction the most frequently found type of interdigitation between LNC 
and lateral crus of GAC was overlap (overriding) without the cartilages touching 
each other. This contrasts with the findings of Jost et al. (1973), who described a 
tight edge-to-edge relationship. Some degree of outward curling of the medial half 
of the caudal edge of the LNC was common, but curling back of the cartilage upon 
itself more than 90° was rare. This phenomenon has been termed ’’returning” by 
several authors (Cottle, I960; Gray, 1970). It was only present in the few cases of 
scroll formation that we found. This contrasts with the findings of Dion (1978) who 
considered this to be the most common type of interdigitation. The fact that we 
investigated a limited number of specimens may account for this discrepancy. 
Besides, in our series the individuals were relatively old, which may involve 
straightening of the borders of the cartilages in the IC-junction (Krmpotic-Nemanic 
ct al., 1971). We confirm previous observations that the fibrous tissue connecting 
the cartilages histologically qualifies as dense regular connective tissue (Hinderer, 
1971; Drumheller, 1973; Letourneau and Daniel, 1988).
The presence of two skeletal surfaces that are not continuous, in combination with 
a fibrous membrane connecting the two, makes the intercartilaginous (IC-) 
junction comparable to a diarthrodial joint. Theoretically, two articular movements 
in the IC-junction are possible: translation and rotation (Bernstein, 1975). During 
translation the lateral crus of the GAC glides up and down along the lateral side of 
the caudal edge of an immobile LNC (Fig. 6b). Griesman (1944) postulated that the 
sesamoid cartilages in the IC-junction act as a ball-bearing mechanism, facilitating 
the gliding of the lateral crus over the LNC. This is highly unlikely, because the 
sesamoid cartilages do not have the desired ball-form. Furthermore, they are not 
loosely positioned, but attached to the neighbouring cartilage by connective tissue, 
Xvhich hampers movement.
When the IC-junction is considered to be a pivot joint, rotation occurs around an 
axis through the length of the joint with the lateral crus moving in a medial or 
lateral direction (Fig. 6c). However, such a rotational movement is only possible 
'vhen the lateral crus is free to move in the desired direction. This is only partially 
the case, because the lateral crus forms one cartilage with the medial crus. The 
tension in the dome, together with the attachments of the paired medial crura and 
the domes to each other (see chapter 4) and, possibly also, action of the depressor 
Septi muscle on the medial crus will keep the dome and medial crus from joining 
In the rotational movement of the lateral crus and therefore limit movement of the 
lateral crus.
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Lateral crus of greater alar cartilage
The elastic properties of the GAC itself allow some movement (Fig. 6d). Here, the 
distortional movement will be an in- and outward bending of the posterior part of 
the lateral crus. Mink already described this particular movement of the lateral crus 
with the hypothetical axis of movement lying a few millimeters posterior to the 
dome (Mink, 1920). Movement of the lateral crus around such a cranio-caudal axis 
is made possible by the free lower rim of the lateral crus, the flexible attachment 
to the accessory cartilages posteriorly and the attachment to the resilient lower 
edge of the LNC cranially. The latter attachment implies that a distortion of the 
lateral crus is always accompanied by a distortion of the LNC (coupled distortion).

Osseous-cartilaginous chain
The movements of the osseous-cartilaginous chain as a whole can be seen as the 
result of a combination of the movements described above (translation in the IC- 
joint, rotation in the IC-joint, coupled distortion of the caudal edge of the LNC and 
the lateral crus of the GAC). We have demonstrated that each of these movements 
is limited, therefore the combination of these movements is to be expected limited 
too.
In contrast, the mobility of the lateral nasal wall in the so-called hinge area is much 
more outspoken. This area, bounded by the posterior edge of the LNC and GAC and 
the rim of the piriform aperture, is clearly a mobile part of the lateral nasal wall. It 
is deprived of extensive cartilaginous support (Figs. 1, 4). One or more accessory 
cartilages are loosely embedded in a web of soft tissue, being merely attached to 
the neighbouring cartilages and bone via fibrous tissue. Obviously, the most 
compliant part of the lateral nasal wall is the nasal ala, the part which is only 
supported by soft tissue.

2. Muscle action
Movements of the lateral nasal wall are brought about either passively, during deep 
inspiration, or actively as a result of muscle action. We defined the location of each 
nasal muscle in order to be able to point out which muscles are important in lateral 
nasal wall mobility and valve area functioning (Fig. 1, Table 1). The mode of action 
was deduced from the muscle attachment sites and the expected line of pull.

The M. dilatator naris largely occupies the ala, the part of the lateral wall of the 
external nose that lacks cartilaginous support (Fig. 2). The fibre arrangement of the 
M. dilatator naris in the ala has a typical criss-cross character, which suggests an
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action similar to the intrinsic muscles of the tongue. This muscle arrangement has 
been noted by Marx (1949), whereas Letourneau and Daniel (1988), Romanes 
(1987) and Williams (1995) do not mention it. Muscle activity may be conspicuous 
during nasal flaring, which results in an increase of diameter of the nostril and 
widening of the vestibule. The M. dilatator naris does not affect the valve area 
directly, because this muscle does not originate from the LNC, in contrast with the 
hypothesis of Mink (1920), Fomon (1950) and the findings of Letourneau and 
Daniel (1988). Muscle fibres attached on the cranial part of the lateral crus will pull 
down the lateral crus (translation in IC-joint, Fig. 6b). These fibres will act as an 
unfavourable lever for a rotational movement of the GAC in the IC-joint (Fig. 6c), 
but they may lead to a distortion and outward movement of the caudal end of the 
elastic LNC (Fig. 6a), provided that the connective tissue in between GAC and LNC 
is tight enough to pass on the force. Action of more caudally attached fibres may 
lead to a rotation in the IC-junction, although, as stated previously, such a rotation 
is fairly limited. This questions the idea that a rotation in the IC-junction may put 
the intercartilaginous connective tissue under stress, thereby preventing passive 
approximation of the caudal edge of the LNC to the septum during inspiration 
(Fomon, 1950). Action of muscle fibres attached to the posterior part of the lateral 
crus may result in a coupled distortion of the posterior part of the lateral crus and 
the caudal edge of the LNC (Figs. 6a, 6d), resulting in a lateral displacement of 
these structures and opening of the valve area. This might explain the fact that 
flaring has been found to lower nasal resistance (Strohl et al., 1982).
Apart from the M. dilatator naris, one other muscle, the M. apicis nasi, is attached 
to the lateral crus of the GAC. This muscle is very small and its action on the GAC 
is probably neglectable.

The alar part of the M. nasalis muscle is attached to the minor alar or accessory 
cartilages in the hinge area (Fig. 5b). Its attachments indicate that it has a dilator 
function by drawing the hinge area (not the ala, as indicated by Williams, 1995) 
laterally.

The transverse part of the M. nasalis is not attached to any of the cartilages of the 
nose, although it does overrun the LNC, part of the lateral crus and the hinge area. 
Its function has been reported as compression of the nostril (Romanes, 1987), the 
vestibule (Griesman, 1944; Letourneau and Daniel, 1988), or the valve area 
(Williams, 1995). In line with Zide (1985) we believe that it basically influences 
the lateral nasal wall by acting on the skin overlying it. Most likely, contraction of
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this muscle results in a stabilization of the elements of the lateral nasal wall that 
take part in the valve area (LNC, IC-junction and hinge area).

In our series, the attachment sites of the M. procerus and M. levator labii sup. 
alaeque nasi argue against a major influence of these muscles on the lateral nasal 
wall. The M. depressor septi pulls down the posterior part of the medial crus of the 
GAC, which possibly attributes to widening of the nostril. Its name therefore seems 
inappropriate, because it does not depress the septum.
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conclusion

hi summary, when describing the mechanical properties of the lateral nasal wall a 
division can be made in three parts. 1) At the level of the osseous-cartilaginous 
chain of bone, lateral nasal cartilage and lateral crus, the lateral nasal wall is 
rclatively stable, limited mobility being allowed by movements in the IC-junction 
;ind (coupled) distortion of the cartilages. 2) At the level of the hinge area the 
lateral nasal wall is supported by one or more accessory cartilages embedded in soft 
tissue and therefore much more compliant. 3) The most compliant part of the 
Nieral nasal wall is the part which is not at all supported by cartilage, the ala.
The lateral nasal wall is influenced by four nasal muscles: 1) The M. dilatator naris 
largely occupies the ala and is attached to the lateral crus; it obviously influences 
the ala, opens the external naris and may indirectly, via the IC-junction, affect the 
lower edge of the LNC and the valve area. 2) The M. apicis nasi is too small to be 
hinctionally significant. 3) The alar part of the M. nasalis originates from the 
ttiaxilla and inserts on the accessory cartilage, it may dilate the valve area by 
drawing the hinge area laterally. 4) The transverse part of the M. nasalis merely 
°Verlies the nose, but is not attached to it. It stabilizes the valve area by moving the 
nasal skin.

Knowledge of the mechanical properties of the lateral nasal wall may be helpful in 
Amplifying the clinical analysis of pathological conditions. Loss of stability of the 
tateral nasal wall with subsequent collapse is a well-known, disturbing clinical 
c°ndition, which may occur at level of the valve, but also at the level of the 
Vestibule or nostril (Fanous, 1990). It may be the result of either nasal muscle 
dysfunction or loss of skeletal support or both. Facial nerve palsy with muscle 
denervation may lead to alar collapse (May et al., 1977), but more often, loss of 
^ability occurs following surgical procedures that compromise the stabilizing 
diction of the osseous-cartilaginous chain (Kasperbauer and Kern, 1987). In the 
elderly patient with a drooping tip collapse may result from nasal muscle atrophy, 
a change in cartilage resilience and stretching of the intercartilaginous fibrous 
tissue with loss of cartilage overlap in the IC-junction (Krmpotic-Nemanic et al., 
1971).
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CHAPTER 4

ANATOMICAL OBSERVATIONS ON THE
ATTACHMENTS OF THE 

GREATER ALAR CARTILAGES
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INTRODUCTION

The nasal lobule is one of the most difficult areas to correct in functional and 
aesthetic nasal surgery. Therefore, precise knowledge of the functional anatomy of 
this part of the nose, which consists of the tip, alae, columella and membranous 
septum, is of the greatest importance. Some anatomical structures of the lobule are 
said to contribute particularly to support of the nasal tip.
One of these tip supporting structures is a transverse fibrous tissue layer between 
the paired domes, the so-called interdomal ligament (Janeke and Wright, 1971; 
Kamer, 1988; Letourneau and Daniel, 1984; Rettinger, 1993). Similarly, some 
authors claim that there is a soft-tissue sling connecting the two medial crura of 
the greater alar cartilages (the lobular cartilages). This so-called intercrural 
ligament is said to be particularly important where the lower ends of the medial 
crura overlap the caudal end of the septum in a tongue-in-groove arrangement 
(Anderson and Ries, 1986; Vuyk and Zijlker, 1993). As to the attachment of the 
medial crura to the caudal border of the septum some authors assert that it is thin 
and loosely (Janeke and Wright, 1971) or membranous (McCollough and Mangat, 
1981). To preserve tip support, current surgical practices endeavour to keep these 
structures intact during nasal surgery. On the other hand, other authors do not 
recognize an intercrural or interdomal ligament, nor do they mention any 
attachment of the medial crura to the septum (Daniel and Lessard, 1984; Lang, 
1989; Daniel, 1992). Strangely enough, the exact nature of the these attachments 
has never been verified histologically. The objective of this study was to document 
the nature of these attachments and to define an unambigous nomenclature.

MATERIALS AND METHODS

The noses of 11 human Caucasian cadavers were investigated. Macroscopic 
dissection was performed on three specimens fixated in formalin and one ‘fresh’ 
specimen. Seven specimens were studied histologically after fixation in 10% neutral 
buffered formaline, washing in buffered phosphate and dehydration in alcohol. Six 
of them were decalcified with 5% HN03 and embedded in paraffin, one was 
embedded in carboxymethylcellulose and frozen to -20 C. With a microtome (type 
PMV 200) slices of 25 Mm thickness (interval 250 pm) were taken in the coronal 
plane (n=6), or the transversal plane (n=l). The slices were mounted on adhesive 
tape. Subsequently, they were stained according to the Mallory-Cason or resorcin-
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fuchsin method. Finally, the sections together with the tape were mounted on glass 
slides or cardboard. In each histological section the relation between the domes, 
the medial crura and the relation between medial crus and septum was studied 
microscopically.

Results

Interdomal area
Macroscopic dissection via an external approach technique shows that the domes 
°f the greater alar cartilages seem to be connected to each other by a ligamentous 
slhtg. This sling continues in a cranial direction covering the so-called ’’weak 
triangle” of Converse (Converse et al., 1964) (Fig. la).
Microscopic investigation allows a more detailed analysis of the structures involved 
'n nasal tip anatomy A transverse section was chosen to illustrate the anatomy in 
this area (Fig. 2). The greater alar cartilages are clearly visible. The dome region is 
the place of junction of the medial and lateral crus. A higher magnification of the 
mterdomal area fails to reveal any transverse fibres connecting the two domes (Fig. 
2a). Instead, the area is filled with dense, irregularly interwoven connective tissue 
tfith, in close juxtaposition to the cartilage, many fibres running in a plane parallel 
t° the perichondrial layer.

Untere rural area
Macroscopical dissection shows that the intercrural area is filled with fibrous tissue 
(Fig. lb). Microscopical dissection allows a more precise determination of the 
tissue in this region. All the sections studied show that the tissue in the intercrural 
‘lrea is densely arranged ordinary connective tissue. This is illustrated in a coronal 
Section, which clearly demonstrates the absence of transverse fibres connecting the 
ttvo crura (Fig. 3). Thus there is no evidence to corroborate the presence of an 
mtercrural ligament.

Connection between medial crura and septum
The exact position of the medial crura and their relation to the septum is illustrated 
m the coronal sections (Fig. 3 and 4). In the anterior section (Fig. 3), the medial 
Crtira are positioned caudally to the lower border of the septal cartilage. In the 
Posterior section (Fig. 4), the crura diverge and run parallel with the septum. 
2 here is some variation in the amount of this medial crura-caudal septum overlap.
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1a 1b

Figure 1. Cadaver dissection demonstrating the interdomal region (la) and the intercrural 
region (lb).

Higher magnification of the sections (Fig. 3a and 4a) shows that the tissue between 
the medial crura and the cartilaginous septum is similar to the tissue in the 
intercrural area: ordinary, dense connective tissue. There are no fibres traversing 
the septocrural area, nor is there any resemblance to membranous tissue. The only 
transverse running structures are the muscle fibres of the M. depressor septi (fig- 
4a). This muscle eventually inserts at the medial crus, and is not attached to the 
cartilaginous septum.

Figure 2. Transverse section through the nose (Resorcin-fuchsin staining, x 1.5)
2a. Higher magnification of the interdomal region showing absence of an interdomal ligament. 
Note the presence of the transverse muscle fibres of the transverse part of the M. nasalis (x 15)-
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3 3a
Figure 3. Coronal section through the nose (anterior) (Resorcin-hichsin staining, x 2.5) 
3a Higher magnification of the intercrural area (x 7).

Figure 4. Coronal section through the nose (posterior) (Resorcin-fuchsin staining, x 2) 
4a. Higher magnification of the intercrural and septocrural area (x 7).
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DISCUSSION

Although the importance of the attachments between the greater alar cartilages in 
the maintenance of nasal tip support appears generally acknowledged, there is 
confusion in the current literature regarding the exact nature of these attachments. 
Descriptions of their nature vary from ligamentous (Anderson and Ries, 1986; Vuyk 
and Zijlker, 1993) to fibro-areolar (Rees, 1980), for the connection between the 
paired medial crura, to membranous (McCollough and Mangat, 1981) or undefined 
(Tardy, 1990; Tardy and Klingensmith, 1991; Poublon, 1993), for the connection 
between the medial crura and septum. For the connection between the two domes, 
Janeke and Wright introduced the concept of an interdomal ligament, which 
supposedly gives support to the nasal tip (Janeke and Wright, 1971). They based 
their observations on an anatomical study using macroscopic dissection of 
cadaveric noses. They did not check their findings in histological sections of the 
nasal tip. Later on, many authors (Kamer, 1988; Letourneau and Daniel, 1988; 
Rettinger, 1993) gratuitously adopted this concept of nasal tip support, including 
established textbooks (Tardy, 1990; Tardy and Klingensmith, 1991).
There is a considerable incentive to clarify the situation, as disruption of these 
attachments occurs frequently in routine nasal surgery. For instance, when creating 
a columella pocket during endonasal surgery, the connection between the medial 
crura is disrupted. This is also the case during an open approach procedure, just as 
the connection between the medial crus and the septum is disrupted during a 
transfixion incision.
Our study has shown that the area between the domes and between the medial 
crura consists of ordinary, dense connective tissue which does not meet the 
histological requirements of a ligament, just as the connection between the medial 
crus and the septum does not qualify as a membrane. Hence there is no justification 
for the use of the terms interdomal and intercrural ligament, and its inclusion in 
the surgical anatomical vocabulary should be discontinued.
These findings are in line with theoretical expectations: in general ligaments are 
found in those areas of the human body where pull is exerted. This is obviously not 
the case in the nasal lobule. Furthermore, in the case of the interdomal and 
intercrural ligament, the fact that they cross the midline makes it even less 
conceivable that there should be a ligament when viewed from an embryological 
point of view.
Although we have shown that the attachments of the medial crura are merely 
ordinary connective tissue, this is not to say that they do not have a functional role
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in nasal tip support. The attachment of the medial crus to the M. depressor septi 
may even be of special importance, since this muscle is said to have a role in 
h'nsening the membranous septum at the initiation of inspiration (Converse et al., 
1964). Hence, continued caution when disrupting these attachments in surgical 

Procedures is to be recommended.
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CHAPTER 5

ELECTROMYOGRAPHY 
OF THE HUMAN NASAL MUSCLES
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INTRODUCTION

Apart from their obvious role in facial and nasal mimicry, nasal muscles have a 
function in respiration. Their activity influences the nasal valve, a structure which 
is generally seen as a vital region of concern in nasal breathing. The term nasal valve 
was introduced by Mink (1902) at the beginning of this century to designate the 
narrow airflow regulating part in the anterior nose, anatomically represented by the 
slit-like opening between the caudal end of the lateral nasal cartilage and the nasal 
septum. The nasal muscles are thought to alter the patency of the valve; the dilator 
muscles increase the rigidity of the valve and prevent collapse, the constrictor 
muscles facilitate collapse and closure of the valve (Bridger, 1970; Kern, 1978; 
Letourneau and Daniel, 1988).
Electromyographic (EMG) techniques have been used to study one of the muscles 
of the nose, the M. dilatator naris, in relation to breathing and upper airway 
resistance (Van Dishoeck, 1937; Sasaki, 1976; Mann et al., 1977; Strohl et al., 1980; 
Strohl et al, 1982; Haight and Cole, 1983; Thumfart et al., 1983; Cole et al., 1985). 
These studies demonstrated a phasic inspiratory muscle activity, indicating that at 
least this particular nasal muscle functions as a muscle of respiration. The 
anatomical orientation of the various muscles of the nose suggests that it is unlikely 
that the M. dilatator naris is the sole muscle responsible for lateral nasal wall 
movement and the control of the nasal valve (Letourneau and Daniel, 1988). 
Lansing et al. (1991) examined different sections of the nose electromyographically 
but they did not attempt to determine which particular nasal muscle gave rise to 
the signal recorded.
Here we present the results of a study designed to examine the role of the various 
nasal muscles during respiration and voluntary movements. We used an EMG 
technique, which we thought could be serviceable for selective recording from 
these muscles. Our first goal was to establish the suitability of the investigative 
method. From there we wanted to determine the role of the nasal muscles in 
respiration and whether there is a relationship between muscle activity and nasal 
patency. Lastly, we were interested in seeing if the form of the nose influences the 
presence of muscle activity, since one would expect a higher level of nasal muscle 
activity in a long and narrow nose that is more prone to alar collapse (O’Connor et 
al., 1967).
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MATERIALS AND METHODS

Subjects
Seventeen healthy adult Caucasian males (age 19 to 34 years; mean 27 years) 
participated in the experiments. They all had normal nasal function and no history 
of nasal surgery or trauma. In order to objectively record the form of the nose the 
nasal index was calculated as the width of the nasal ala/height of the nose x 100. 
The width of the ala was recorded as the distance in a straight line between both 
alae, while the height of the nose was the distance between paranasion and 
subnasale (Lang, 1989). In all cases nasal patency was measured by active anterior 
rhinomanometry using a Mercury 6 rhinomanometer at a sample pressure of 100 
Pa. Nasal resistance was calculated by combining the two separate values of nasal 
resistance for the left and right nasal passages. In line with clinical criteria used in 
our hospital, the result of the rhinomanometry was scored as abnormal when total 
nasal resistance was found to exceed 0.26 Pa/ml per second and/or the nasal 
quotient was less than 0.5.

EMG recordings
The EMG activity in different regions of the right side of the nose was recorded by 
means of bipolar skin surface electrodes. Each electrode consisted of a 1 mm 
diameter platinum sphere mounted onto an insulated stainless steel rod soldered 
to a wire. The platinum spheres were brought in contact with the nasal skin, which 
had been cleansed with alcohol and ether. Six electrode pairs were used to record 
muscle activity in the M. procerus nasi (1), the M. levator labii superioris alaeque 
nasi (2), the transverse part of the M. nasalis (3), the alar part of the M. nasalis (4), 
the M. dilatator naris (5) and M. apicis nasi (6) (see Fig. 1). The M. depressor septi 
(7) was not included because of the difficulty in fixing electrodes on hairy skin in 
this area. Each pair of electrodes was placed along the length of the muscle to be 
tested (Fig. 2), using an inter-electrode distance of 4-5 mm. An electrode gel was 
employed to lower and stabilize surface skin resistance. Care was taken to avoid 
short-circuiting by the gel. Mechanical fixation of the electrodes was done with 
thin adhesive tape in such a way that it did not interfere with nasal movements. A 
ground electrode was placed in the neck. EMG signals were pre-amplified using 
differential amplifiers (gain 2000x, bandwidth 80-1000 Hz), continuously 
monitored with an oscilloscope (Tektronix) and recorded on analog tape (Teac SR- 
50 FM data recorder). Signals were printed off-line at various speeds using an inkjet 
writer (Siemens Oscillomink 16, bandwidth 0-700 Hz). Respiratory motion was not 
recorded, but the onset of inspiration was recorded manually.
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Figure 1. Muscles of the nose as described Figure 2. Placement of surface electrodes on
by Letourneau and Daniel (1988): the nasal skin.
(1) M. procerus; (2) M. levator labii superioris 
alaeque nasi; (3) M. nasalis, transverse part;
(4) M. nasalis, alar part; (5) M. dilatator naris;
(6) M. apicis nasi; (7) M. depressor septi.

Experimental procedure
Each subject was seated in a comfortable chair with his back to the monitoring 
equipment to prevent visual feedback. Measurements were taken under the 
following seven conditions: (a) quiet nasal breathing, (b) quiet oral breathing, (c) 
nasal breathing immediately after exercise (using deep knee-bending repeated 20 
times), (d) rhythmic nasal flaring (widening the nostril), (e) rhythmic sniffing, (f) 
rhythmic ’’drawing down the nose”, (g) rhythmic, gentle closure of the eyes. 
Subjects were free to choose the rhythm in which to carry out movements, 
although the frequency was usually about 0.5 times/s. Activities had previously 
been practised with each subject to standardize movements as much as possible. 
Notably, not all subjects were able to perform activities (d) and (f). The recording 
time for each condition was 30 seconds. Consecutive activities were separated by 
a period of rest of at least 30 s. At the end of each experiment, the subject was asked 
to grimace, so as to achieve maximum voluntary activity of the nasal musculature.
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Data analysis
The presence or absence of EMG activity in a particular muscle was scored. For 
statistical analysis, cross-tabs were used with Fisher’s exact test. The presence of 
EMG activity was correlated with leptorhiny and high nasal resistance. A P value < 
0.05 was considered to be significant.
For each subject and muscle, the chart recordings of all movements were compared 
with the recording of maximum activity. Taking into account both duration and 
amplitude of the signals, EMG activity for each movement was normalized based on 
the maximum activity. These results were averaged over all subjects.
The selectivity of the records of each nasal muscle was tested as follows. All 
adjacent recording sites were compared in each of 15 subjects. A total of eight 
comparisons between bipolar recordings during maximum activity was made. To 
this purpose a cross-correlation analysis was carried out on the EMG signals during 
maximal activity of a duration of 0.25 sec (2000 EMG samples) with the aid of the 
Labview software package for Windows v 3-0 (National Instruments).

RESULTS

Recording selectivity
Table 1 lists the mean value of the cross-correlation coefficients between EMG’s of 
the different nasal muscles. Only those EMG signals recorded from adjacent 
muscles were compared. The table shows that during simultaneous contraction of 
adjacent muscles, the electrode-pairs on these muscles had low cross-correlations, 
indicating virtually no cross-talk.

Table 1. Mean cross-correlation coefficient for the relationship between EMG activity from 
different muscle pairs (n =15): 1 = M. procerus, 2 = M. levator labii superioris alaeque nasi, 3 
= M. nasalis, transverse part, 4 = M. nasalis, alar part, 5 = M. dilatator naris, 6 = M. apicis nasi, 
7 = M. depressor septi; ND = not determined.

Muscle 1 2 3 4 5 6

1 1
2 0.04 1
3 0.04 0.06 1
4 ND ND -0.02 1
5 ND ND 0.06 -0.001 1
6 ND ND 0.02 ND 0.02 1
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Activity patterns
Table 2 summarizes the EMG results for each subject’s quiet nasal breathing, quiet 
oral breathing and nasal breathing after exercise. For each individual the presence 
of inspiratory EMG activity is listed. Muscle activity was found in the inspiratory 
phase in 8 of 17 subjects during nasal and oral breathing at rest. The location of 
muscle activity differed to some extent per subject. Usually, the active muscles were 
one or more of the following: the M. dilatator naris, the M. apicis nasi and the alar 
or transverse part of the M. nasalis. After exercise all subjects but one were found 
to have muscle activity. In each subject the number of active muscles was increased, 
but alar movement was not seen.
The results of anthropometry and rhinomanometry are shown in Table 3. Nasal 
muscle activity was more often present in the group with high nasal resistance. This 
observation was statistically significant (Fisher’s exact test, P = 0.049). There was 
no relationship between muscle activity and leptorhiny.

Quantitative results
The raw EMG signal during nasal flaring is exemplified in Fig. 3 for relative signal 
magnitudes. In this particular case EMG activity could be recorded in all six 
muscles studied, but the level of activity varied from one muscle to another. In 
order to objectively compare EMG activity per muscle and condition, the mean 
levels of relative EMG activity (and standard error of the mean) were computed 
over all subjects. These results are depicted in Fig. 4. During quiet nasal and oral 
breathing EMG activity was less than 5% of the maximum EMG activity level, as 
measured during grimacing. During exercise the value of the EMG signals increased 
markedly (up to 40% of the maximum value). During the execution of voluntary 
movements (conditions d-g) mean EMG activity reached a value of 90% of 
maximum activity. As can be seen in Fig. 4, voluntary nasal movements were 
accompanied by a variable pattern of activity in all six nasal muscles. The procerus 
and levator muscles were especially active during closure of the eyes and during 
the nasal movement denoted as ’’drawing down the nose”. During breathing these 
two muscles showed sporadic EMG activity.
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Table 2. EMG activity in nasal muscles during respiration. The active muscles are identified by 
numbers in parentheses: 1= M. procerus, 2 = M. levator labii superioris alaeque nasi, 3 = M. 
nasalis, transverse part, 4 = M. nasalis, alar part, 5 = M. dilatator naris, 6 = M. apicis nasi. Muscle 
activity is shown as present (+) or absent (-).

EMG activity
Subject no. quiet nasal breathing quiet oral breathing nasal breathing after exercise

1 - - + (3,4,5)
2 + (3,4,5) + (3,4,5) + (3,4,5,6)
3 - - + (4,5)
4 - - + (3,4,5,6)
5 - - + (3)
6 - - -

7 - - + (3,4,5)
8 + (5) - + (2,3,4,5,6)
9 + (3,4) + (3,4) + (3,4,5,6)
10 - - + (3,4,5,6)
11 + (3) + (3) + (3,5)
12 + (5,6) + (5,6) + (2,3,4,5,6)
13 + (6) + (6) + (23,4,5,6)
14 + (4,6) + (6) + (4,5,6)
15 - + (6) + (1,2,4,5,6)
16 - - + (3,4,5,6)
17 + (6) + (6) + (3,4,5,6)

Table 3. Nasal indices (leptorhine = nasal index 55-70. mesorhine = nasal index 70-85) and
results of anterior rhinomanometry (inspiratory nasal resistance >0.26 = abnormal).

Subject no. Nasal index Inspiratory nasal resistance (in Pa/ml/s)

1 75 0.17
2 68 0.35 *
3 73 0.16
4 77 0.20
5 75 0.12
6 60 0.32 *
7 64 0.14
8 74 0.22
9 84 0.19 t
10 68 0.19
11 76 »0.35 *
12 76 0.29 *
13 76 0.18 f
14 60 0.24
15 65 0.24 f
16 67 0.12
17 71 0.17

*=abnormal
t=abnormal (nasal quotient<0.5) 67
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Figure 3. Raw EMG signals during nasal flaring in a 29-year-old white male student (subject 6). 
The numbers correspond with the muscles depicted in Fig. 1. The signals were recorded with 
a Siemens Oscillomink ink-jet writer. Vertical calibration bar represents 100 mV.

M. procerus 
M. levator labli sup.
M. nasalis, transverse part 
M. nasalis, alar part 
M. dilatator naris 
M. apicis nasi

quiet nasal 
breating

quiet oral 
breating

sniffing nasai breathing flaring 
after exercise

drawing down closure of 
the noise eyes

grimacing

Figure 4. EMG activity in six nasal muscles (expressed as a percentage of the maximum activity; 
mean and standard error of the mean) averaged across subjects (n =17). Maximum activity was 
recorded during grimacing.

68



DISCUSSION

Our present study shows that selective recording of the nasal muscles is possible. 
This allows investigation of the patterned activity of these muscles. We found 
electromyographic activity during inspiration in the M. dilatator naris, the alar part 
of the M. nasalis, the transverse part of the M. nasalis and the M. apicis nasi. 
Previous EMG studies using single point measurements have already demonstrated 
phasic activity of the M. dilatator naris during respiration (Van Dishoeck, 1937; 
Sasaki, 1976; Mann et al., 1977; Strohl et al., 1980; Strohl et al., 1982; Haight and 
Cole, 1983; Cole et al., 1985). This muscle has been identified as a sensitive 
indicator of early respiratory events, because it is activated before the inspiratory 
efforts of the diaphragm (Strohl et al., 1980). Our study, using a multipoint 
measuring technique, shows that multiple nasal muscles are active in the 
inspiratory phase of respiration.
Much has been written about the function of the M. dilatator naris. It is believed 
that it augments alar rigidity in order to resist the collapse which might occur 
during deep inspiration (Bridger, 1970; Haight and Cole, 1983; Cole et al., 1985). 
Its action has been compared with the posterior cricoarytenoid muscle. This upper 
airway muscle of respiration acts by abduction of the vocal cords during 
inspiration, keeping the upper airway open at the laryngeal level (Mann et al., 1977; 
Van bunteren et al., 1984). We demonstrated that other nasal muscles may also be 
active during inspiration, therefore it is likely that the various nasal muscles work 
together in influencing the rigidity of the lateral nasal wall and the maintainance of 
upper airway patency. Nasal muscle activity, like posterior cricoarytenoid muscle 
activity, is reflexly regulated by respiratory centers (Mann et al., 1977; Van bunteren 
et ab, 1984). The efferent limb of this reflex is the facial nerve. This is illustrated in 
facial palsy, when absence of nasal muscle activity may result in inspiratory alar 
collapse (Van Dishoeck, 1937). The afferent limb and the structure of nasal afferent 
end organs has not been identified yet (Widdicombe, 1986). Reduction of EMG 
activity by topical anesthesia of the nasal mucosa (Van bunteren et al., 1984) and 
by mouth or tracheostomy breathing (Van Dishoeck, 1937; Mann et ab, 1977; Cole 
et ab, 1985) suggests that mechanoreceptors in the nasal mucosa may be important 
in triggering a nasonasal reflex. Negative upper airway pressures in the dog have 
indeed been shown to increase respiratory contractions of the M. dilatator naris 
(Van bunteren et ab, 1984). In our study the pattern of EMG activity during mouth 
breathing was very similar to the pattern of EMG activity during nasal breathing. 
Such a presence of EMG activity during a zero flow condition would question the
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likelihood that nasal mucosal receptors play an important role. However, it is 
possible that our results have been influenced by the fact that, in general, most oral 
breathing is actually oronasal breathing (Widdicombe, 1986).
Whereas phasic nasal muscle activity is not always present at rest, exercise almost 
invariably results in an increase in muscle activity. Our experimental evidence 
shows that not only the amplitude of the EMG signal becomes larger, as was already 
known for the M. dilatator naris (Cole et al., 1985), but also the number of subjects 
with EMG activity and the number of active muscles per subject. During exercise, 
the increase in inspirator)' flow and negative intranasal pressure makes the lateral 
nasal wall more prone to collaps. Increased utilization of active muscles and 
recruitment of new muscles enlarges the rigidity of the lateral nasal wall and 
prevents collapse.
Our study did not reveal any relationship between the nasal index and the presence 
of EMG activity. In a relatively long, narrow nose (’’leptorhiny”), one would expect 
the Bernoulli effect on possible valvular collapse to be more signficant, but this 
apparently does not influence EMG activity. Our finding that EMG activity is more 
often present in those individuals with high nasal resistance is consistent with the 
findings of Haight and Cole (1983). They experimentally induced an increase in 
nasal resistance by application of histamine in the nose; this selective vascular 
resistive change resulted in an increase of alar EMG activity. Voluntary nasal muscle 
movements (flaring and drawing down the nose) might be expected to effect nasal 
resistance in itself. Our experimental setup did not allow an investigation of this 
phenomenon, since we could not measure resistance as a function of EMG activity. 
Previous studies on this have shown inconclusive results (Strohl et al., 1982; Haight 
and Cole, 1983; Rivron and Sanderson, 1991).
When trying to differentiate between dilators and compressors of the nose, we 
found action of the nasal muscles to be so consistently synergistic, that this was not 
possible. Functionally, a partition can be made into two muscle groups. The first 
group consists of the alar and transverse parts of the M. nasalis, the M. dilatator 
naris and the M. apicis nasi. Their activity strongly relates to respiration. They work 
in a synergistic way, balancing each others action, most likely to restrain lateral 
nasal wall compliance during inspiration. Therefore, we believe that these muscles 
can be seen as accessory muscles of respiration. Apart from their respiratory 
function, they have a role in voluntary nasal movements. The second group consists 
of the M. procerus and M. levator labii superioris alaeque nasi. These muscles are 
hardly active during respiration, but do show high levels of activity during complex 
mimetic activities such as closure of the eyes or ’’drawing down the nose”.
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In conclusion, this study has demonstrated that selective recording of nasal muscle 
activity is possible. The M. dilatator naris, the M. nasalis and the M. apicis nasi play 
a role in respiration, muscle activity being present during inspiration and 
increasing in response to exercise. Their main respiratory function is to prevent 
lateral nasal wall collapse during inspiration. Apart from that these muscles have a 
function in facial mimicry. The M. procerus and M. levator labii superioris alaeque 
nasi primarily have a mimic function. A division in nasal dilators and constrictors 
cannot be given, since the nasal muscles consistently show a synergistic action.
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CHAPTER 6

COMPARATIVE ANATOMY OF THE
NASAL VALVE
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INTRODUCTION

The term ‘nasal valve’ was introduced by Mink at the beginning of this century. 
Mink assumed that this structure in the human nose regulates nasal airflow (Mink, 
1902; Mink, 1920). Since this first description, the functional and anatomical 
properties of the nasal valve have been extensively studied and discussed in the 
literature (e.g. Bachmann & Legier, 1972; Haight & Cole, 1983; Kasperbauer & 
Kern, 1987; Jones et al., 1988). In clinical-anatomical terms the human nasal valve 
is defined as: the slitlike opening bounded by the septum and caudal margin of the 
lateral nasal cartilage (Kasperbauer & Kern, 1987). The nasal valve is sometimes 
referred to as internal naris or internal valve to distinguish it from the external 
naris or nostril (Converse, 1955). Functionally, it seems likely that the area 
posterior to the valve is more important for airway resistance (Haight & Cole, 1983; 
Jones et al., 1988). Therefore, the broader term ‘nasal valve area’ is now used for 
the region extending from the actual valve to the bony piriform aperture and soft 
tissue in this region; it is bounded below by the floor of the nose and posteriorly 
by the head of the inferior turbinate (Kasperbauer & Kern, 1987). The valve area 
is influenced by nasal muscles and erectile mucosa from the inferior turbinate and 
the nasal septum. However, the precise working mechanism and the complete 
function of the nasal valve is still unclear.
A thorough understanding of the anatomy and physiology of the nasal valve is 
important in nasal surgery, since small alterations at the valve area may lead to 
serious inspiratory nasal obstruction. As already pointed out by Cottle (I960), we 
may obtain clearer anatomical insight through comparative anatomical studies of 
the nose. In air-breathing marine animals (e.g. seal, sea-lion, crocodile) the 
presence of an external valve is apparent. These animals close their nostrils when 
they submerge. Similarly, the camel can achieve closure of the nostril in order to 
keep out the sand (Rhys Evans, 1992). Standard textbooks of comparative anatomy 
(Weber, 1927; Bolk et al., 1938; Negus, 1958) do not mention the presence of an 
internal valve in the mammalian nose. We therefore decided to study the anatomy 
of the external nose in different mammalian species in order to find out whether 
the existence of an internal nasal valve is a generic feature in the mammalian nose. 
If so, we may be able to learn more about the general design of the nasal valve and 
its mode of action.
The nomenclature in this paper is consistently based upon the 1989 Nomina 
Anatomica edition and the 1994 Nomina Anatomica Veterinaria edition. It should be 
noted that in animals the terminology for anatomical orientation in the head region
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is somewhat different from that in man. This is, of course, related to the difference 
of the position of the head with respect to the trunk. Whereas in man the terms 
cranial/caudal are used, in animals the correct terminology in the head region is 
dorsal/ventral. The inferior turbinate in man is thus called the ventral turbinate in 
animals. The terms anterior/posterior in human anatomy are rostral/caudal 
respectively in animals. The directional terms are noted in Fig. 1 and 2.

MATERIALS AND METHODS

A selection of the species to be examined was made based on the availability of 
cadaver material (dog, cow), phylogenetic proximity to man (monkey) and 
specialized nasal function such as: 1. obligatory nasal breathing (horse), 2. the 
ability to close off the nasal passage (seal, sea-bear, sea-lion) and 3. extreme 
mobility (tapir). The cadaver specimens were obtained from the Department of 
Functional Morphology, Veterinary Faculty, Utrecht, (horse, cow, dog, monkey), the 
seal nursery in Pieterburen (seal) and various Dutch Zoos (tapir, sea-bear, sea-lion). 
Dissections were carried out in adult specimens of the following species (see Table 
1): horse (Equus), cow (Bos taurus), dog (Canis familiaris), seal (Halichoerus 
grypus), sea-bear (Callorhinus arsinus), sea-lions (Zalophus califomianus), 
monkey (Ceroptithecus tulapion and Lagothrix lagotricha) and tapir (Tapims 
terrestris). Dissection was done in order to obtain information regarding the 
anatomy of the nasal cartilages and muscles. Where sufficient material was 
available, coronal and sagittal sections of the nose were prepared from frozen 
specimens.

73



Table 1. Animals investigated.

Species Total No. of specimens 
studied

No. of specimens 
dissected fresh fixated

No. of specimens 
sectioned coronal sagittal

Horse 10 4 1 2 3
Tapir 2 2* - 1* -
Cow 7 1 1 2 3
Dog 8 2 2 1 3
Seal 5 4 - 1 -
Sea-lion 2 2 - - -

Sea-bear 1 1 - - -

Monkey 2 2 - - -

Total 37 18 4 6 9

*In one tapir the caudal part of the nose was dissected and the rostral part (the trunk) was 
sectioned.

RESULTS

In all animals investigated we found a distinct fold of mucous membrane in the 
lateral nasal wall, extending from the nostril in a caudal direction to become 
continuous with the mucous membrane of the ventral turbinate. This plica alaris 
is illustrated in a sagittal section through the head of a horse (Fig. 1). In all animals 
studied the most caudal part of the plica contains a medial accessory cartilage. The 
most important inter-species differences in the organization of the plica alaris are 
discussed below.

Horse. The caudal part of the alar fold contains and is supported by a piece of 
cartilage which is attached to the rostral end of the bony ventral turbinate. This 
medial accessory cartilage is rod-shaped and may be straight or slightly curved. 
Rostrally the alar fold ends in the dorsal wing of the alar cartilage Apart from these 
cartilaginous structures the plica and the lateral nasal wall lack cartilaginous 
support. A notable characteristic in this species is that the alar fold divides the 
nostril into a blind ending nasal diverticulum dorsally and the actual nasal cavity 
ventrally. The diverticulum is called the nasal trumpet. The muscle influencing the 
plica alaris is the ventral part of the lateralis nasi muscle. This muscle arises from 
the incisive bone and the maxilla and inserts into the cartilaginous core of the plica 
(Figs. 2, 3a). Typically, the incisival bone functions as a trochlea over which the 
muscle glides (Fig. 3a).
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Figure 1. Sagittal section of the head of a horse, showing the location of the plica alaris (1), 
located rostrally to the ventral turbinate (2). The level of the coronal section of figure 2 is 
indicated with a dotted line, d = dorsal; r = rostral; v = ventral.

Tapir The plica alaris continues as far as the most rostral part of the trunk. Caudally, 
the supporting cartilaginous structure of the plica is a medial accessory cartilage. 
A small lateralis nasi muscle, which takes its origin on the incisive bone, inserts into 
the plica. Rostrally, in the trunk, the plica is merely made up of soft (muscular) 
tissue (Fig. 3b). Here, fibres of the rectus nasi or trunk muscle form a rostral 
prolongation of the lateralis nasi muscle.

Cow. The caudal part of the plica alaris contains the medial accessory cartilage, 
which arises from both bony ventral turbinate and lateral ventral cartilage (= 
lateral extension of the ventral part of the septum). The rostral part of the lateral 
dorsal cartilage (= lateral extension of the dorsal part of the septum), which is 
attached to the medial accessor}’ cartilage by fibrous tissue, also contributes to the 
plica alaris (Fig. 3c). The lateral dorsal cartilage is fixed to the nasal bone. The 
lateralis nasi muscle is less well-developed than in the horse. Part of the lateralis 
nasi muscle arises from the incisive bone and is inserted into the lateral nasal wall.
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Figure 2. Coronal section of the head of a horse at the level of the lateralis nasi muscle.
(1) lateralis nasi muscle; (2) medial accessory cartilage; (3) nasal septum; (4) lateral dorsal 
cartilage; (5) septal intumescence; (6) (incisive) bone; (7) erectile tissue of ventral turbinate; 
d = dorsal; v = ventral.

Seal, sea-lion and sea-bear. Caudally, the plica alaris contains a medial accessory’ 
cartilage, arising from the bony ventral turbinate, and the ventral edge of the 
lateral dorsal cartilage, which is connected to the nasal bone via fibrous tissue 
(Fig. 3d). The lateralis nasi muscle is made up of two parts. One part goes from the 
skin to the plica alaris, whereas the other part goes from incisive bone to nasal 
dorsum.
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Dog. The plica alaris is supported by the medial accessory cartilage, which arises 
from the bony ventral turbinate and the lateral ventral cartilage. The ventral edge 
of the lateral dorsal cartilage and the dorsal edge of the lateral ventral cartilage 
also contribute to the plica (Fig. 3e). The lateral dorsal cartilage is connected to 
the nasal bone via a bridge of fibrous tissue. The lateralis nasi muscle configuration 
is similar to that in the seal.

Monkey. The plica alaris is supported by multiple, small, isolated alar cartilages, 
instead of a single piece of cartilage. The lateralis nasi muscle, which takes it origin 
on the incisive bone, is attached to these small cartilages and soft tissue in the 
lateral nasal wall.

A. horse C. cow

E. dogD. sealB. tapir

Figure 3. Schematic drawings (based on coronal sections of the head) of the area of the plica 
alaris at the level of the lateralis nasi muscle in horse (3a), tapir (3b), cow (3c), seal (3d) and 
dog (3e). (1) lateralis nasi muscle; (2) medial accessory cartilage; (3) nasal septum; (4) lateral 
dorsal cartilage; (5) lateral ventral cartilage; (6) (incisive) bone.
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DISCUSSION

The presence of an alar fold in the mammalian nose, lying rostrally to the ventral 
turbinate, has been noted as early as 1882 (Zuckerkandl, 1882). Zuckerkandl 
coined the term plica vestibuli to this structure. In modern textbooks of 
mammalian anatomy this fold is invariably referred to as the plica alaris (Koch, 
1970; Miller, 1979; Nickel et al., 1987), because of its location in the ala of the nose. 
Whereas the cartilaginous framework of the nose in the domestic animals has been 
subjected to extensive study, the build-up of the plica alaris has not been 
systematically described as yet (Koch, 1970; Miller, 1979; Nickel et al., 1987). The 
nasal muscles of the horse, cow, dog and tapir are discussed in various veterinary 
anatomy textbooks, albeit not always in detail. The presence of a lateralis nasi 
muscle is a constant finding in these animals, although the terminology may differ 
(Boas & Paulli, 1908; Koch, 1970; Miller, 1979; Nickel et al., 1992). These textbooks 
do not contain a description of nasal muscle anatomy in the monkey, the seal, sea- 
lion and sea-bear.
Our results confirm previous anatomical observations and add new information to 
the anatomy of the mammalian nose. We found that in all the species investigated 
a more or less mobile fold is present in the lateral nasal wall. This plica alaris can 
be seen as the rostral prolongation of the ventral turbinate. The anatomical build
up of the lateral nasal wall and plica alaris varies among the species studied (Fig. 
3). Cartilaginous support may vary from extensive, allowing little mobility (cow, 
dog), to scant, allowing a lot of mobility (horse, seal). However, except for the 
monkey, the caudal part of the plica invariably contains and is supported by a 
distinct medial accessory cartilage, which is attached to the bony ventral turbinate. 
The only muscle directly associated with the plica alaris is the lateralis nasi muscle. 
Its anatomical location suggests that it pulls the plica away from the nasal septum 
in a lateral direction, thus widening the nasal passage at this level. A schematic 
drawing of the nasal skeleton in a horse illustrates the anatomical relationships; the 
mode of action of the lateralis nasi muscle on the accessory cartilage is depicted 
with an arrow (Fig. 4).
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Figure 4. Schematic drawing of the nasal skeleton in horse (left) and man (right). The mode 
of action of the lateralis nasi muscle (horse) and alar part of the nasalis muscle (man) on the 
accessory cartilage is indicated with an arrow. (1) alar cartilage; (2) lateral dorsal cartilage 
(horse) or lateral nasal cartilage (man); (3) nasal bone.

Anatomy textbooks as well as our own dissections failed to reveal the presence of 
an antagonist of such a nasal dilator; in fact, there appears to be no single muscle 
that constricts the nasal passage (Koch, 1970; Miller, 1979; Nickel et al., 1992). We 
therefore hypothesize that the movement of the plica in a lateral direction is an 
active one, resulting from action of the lateralis nasi muscle, and movement in a 
medial direction is a passive one, resulting from the negative intranasal pressures 
that develop during inspiration and the elastic properties of the lateral nasal wall. 
Action of the lateralis nasi muscle may thus help to prevent narrowing of the nasal 
passage during inspiration. Complete closure of the external naris or nostril, as 
seen in marine mammals when submerged, would similarly be the result of 
relaxation of dilator muscles and pressure of the water from outside, rather than 
the result of the activity of a specific constrictor muscle. This contrasts with the 
opinion of Weber (1927) and Negus (1958), who consider closure of the nostril in 
marine mammals to be the result of constrictor muscle action. Support for our idea 
is given by observations in the horse by the 19th century French physiologist 
Claude Bernard. The horse depends entirely on nasal breathing, because it cannot 
breathe through its mouth due to the retrovelar position of the epiglottis. Bernard 
noted that, in the horse, cutting through the facial nerve on both sides resulted in 
suffocation because of complete bilateral closure of the nostril (Marx, 1949). This
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can only be the case when the facial nerve merely innervates nose dilating muscles, 
or when action of nasal dilators is more important than action of constrictors. 
There are some striking similarities between the anatomical observations presented 
above and the situation in man. A feature analogous to the fold in the lateral nasal 
wall in the animals studied appears to be the fold in the lateral nasal wall in man, 
which is commonly referred to as limen nasi or indeed plica nasi by some authors 
(LePesteur and Fermin, 1977). It forms, together with the nasal septum, the nasal 
valve (Kasperbauer and Kern, 1987). In the animals studied one may consider the 
plica alaris and the septum to constitute a similar valvular device.
The build-up of the plica shows similar features in man and in the animals studied. 
In the animals the caudal part of the plica alaris always contains a medial accessory 
cartilage, which is attached to the ventral turbinate. The lateralis nasi muscle is 
attached to this cartilage. In man, usually the caudal edge of the lateral nasal 
cartilage is considered the dominant structure of the plica. However, as in the 
monkey, the area close to the inferior turbinate may contain small accessory 
cartilages, which are not attached to the turbinate. One particular muscle, the alar 
part of the M. nasalis, is attached to these cartilages and the soft tissue of the lateral 
nasal wall (chapter 3) (Fig. 4). The origin of this muscle is on the premaxilla, above 
the incisor tooth. Embryologically, this area is the equivalent of the mammalian 
incisive hone. In sum, the accessory cartilage(s) and the alar part of the nasalis 
muscle can be seen as similar to the medial accessory cartilage and the lateralis 
nasi muscle respectively in the animals studied. The regular presence of these 
structures in the mammalian nose suggests that they are vital elements of the nasal 
valve region. Interestingly, there is evidence that suggests that in man the area of 
the lateral nasal wall at the level of the head of the inferior turbinate, is the site 
where the greater portion of nasal resistance is situated (Bachman and Legier, 1972; 
Haight and Cole, 1983; Jones et ah, 1988). Haight and Cole (1983) consider it to be 
the actual site of the nasal valve.

The scope of this study is limited by the choice in subject matters. The choice of 
animals that were studied was limited. Also, only adult specimens were considered, 
whereas the establishment of homologies requires inclusion of exhaustive 
ontogenetic studies of each animal as well. Taking these limitations into account 
this comparative anatomical study shows that a nasal valve-like structure as 
described in man is present in each of the mammalian species examined. The valve 
is formed by the septum medially and a fold in the lateral nasal wall laterally, being 
the anterior extension of the inferior turbinate (man) or the rostral extension of

82



the ventral turbinate (other mammals). An investigation of the anatomical build-up 
of the fold allows the identification of a set of similar structures, that apparantly 
form a vital element of the plica and the valve region in the mammalian nose.
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CHAPTER 7

GENERAL DISCUSSION AND 
CLINICAL IMPLICATIONS
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GENERAL DISCUSSION

1. Stability and mobility of the lateral nasal wall

We have been able to determine a relatively detailed functional model of the factors 
governing the stability and mobility of the lateral nasal wall. The anatomical 
relationship between the various components of the lateral nasal wall is complex. 
To illustrate the biomechanics, we propose a model in which the lateral nasal wall 
is divided into three distinct regions. The first region is the osseous-cartilaginous 
chain (bony pyramid, LNC and GAC), the second region is the hinge area and the 
third region is the ala (Fig. 1).

HINGE AREA

Figure 1. Schematic drawing of the anatomy of the lateral wall of the external nose. 
Abbreviations: NB = nasal bone; LNC = lateral nasal cartilage; GAC = greater alar cartilage; AC 
= accessory cartilage; HIT = head of inferior turbinate.

Based on the results of the anatomical studies described in chapters 3 and 4, we 
conclude that the first region is the most stable. We found that this stability arises 
from the extensive inter-relationships between the components of the osseous- 
cartilaginous chain themselves and their attachments to neighbouring structures 
(chapter 3). The attachments of the medial crura and the dome also contribute to 
this stability (ehapter 4). Noticeably, the intercartilaginous (IC-) junction was 
found to be a relatively stable joint, which allows little mobility. This is in 
contradiction to views expressed in the literature, which have claimed this area to
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be particularly mobile (Sulsenti and Palma, 1989). The second region, the hinge 
area, the area bounded by the rim of the piriform aperture and the posterior end 
of the LNC and the GAC is fairly compliant. The third region, the ala, is, as could 
be expected, the most mobile. In line with Krmpotic-Nemanic et al. (1971) and 
LePesteur and Finnin (1977) we have defined the ala as only including soft tissue. 
The lateral crus of the GAC has been considered to be part of the osseous- 
cartilaginous chain.

AC

HIT

Figure 2. Schematic drawing of the lateral wall of the external nose and the influencing nasal 
muscles.
Abbreviations: NB = nasal bone; LNC = lateral nasal cartilage; GAC = greater alar cartilage; AC 
= accessory cartilage; HIT = head of inferior turbinate; 1 = alar part of M. nasalis; 2 = transverse 
part of M. nasalis; 3 = M. dilatator naris.

We conclude that the nasal muscles exert an influence on each of these three 
regions; each muscle has its own specific function (Fig. 2). Based on the results in 
chapter 3, we consider the M. dilatator naris to act as a dilator for the external naris 
and vestibule (alar region). The transverse part of the M. nasalis serves to stabilize 
the lateral nasal wall at the height of the LNC, IC-junction and hinge area (i.e. the 
nasal valve area). Lastly, the alar part of the M. nasalis acts as a dilator of the hinge 
area. This makes the hinge area a dynamic part of the valve area, since it is the only 
part of the valve area where dilatation may occur. An important finding in our study 
(chapter 5) is that each of these muscles are only active during inspiration 
(previously this was known only for the M. dilatator naris). During rest and after 
moderate exertion no alar motion is present (chapter 5), suggesting isometric
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muscle contraction (static muscle activity) under these circumstances. However, 
during, for instance, flaring dynamic nasal muscle activity is apparent.

2. Comparative anatomical aspects

From the study reported in chapter 6, we conclude that there are evidently 
significant differences in the construction of the lateral nasal wall in the various 
mammals studied. We stipulate that these are due to specific functional adaptations. 
The nature of the lateral nasal wall varies from very flexible (such as in the horse 
and the seal) to very rigid (such as in the dog and the cow). In line with our main 
conclusion, to be discussed below, we attribute these differences to the functional 
differences in respiration requirements. The horse, which is restricted to nasal 
breathing and which can perform long-standing heavy exertion, requires far more 
adaptability of the lateral nasal wall than, for instance, the cow, which is not 
required to perform long-standing exertion. Similarly, air-breathing marine 
mammals, such as the seal, are required to close off their nasal passage when 
submerging. For this purpose, a more flexible lateral nasal wall would allow better 
use of the external water pressure. Based on our interpretation of the results, we 
conclude that the muscles influencing the lateral nasal wall in these mammals are 
either stabilizer or dilator muscles. It has been previously suggested that some 
might be constrictors (Negus, 1958), but this is not consistent with our findings. 
Apart from the apparent differences in the anatomy of the external nose, there is 
clear evidence of a generic nasal valve concept - this could be recognized in each 
of the specimens examined. Noticeably, all mammalian noses studied had an 
analogous component for the hinge area in the human nose. We found that there 
was a consistent anatomical relationship between the medial accessory cartilage 
and the ventral turbinate. Futhermore, in each case, there was a clear attachment 
of the animal equivalent of the human M. nasalis, pars alaris, to the accessory 
cartilage. We have seen that in man the hinge area forms a dynamic constituent of 
the valve area (chapter 3). Combining the data from the human anatomical and 
comparative anatomical studies, we conclude that this area is clearly an important 
generic feature of the lateral nasal wall and valve area construction. The hinge area, 
together with the head of the inferior turbinate, seems to be largely responsible for 
the dynamics of the valve area.
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3. Functioning of the nasal valve area

In the introduction, we indicated that there was some ambiguity in the literature 
as to the nature of the functioning of the nasal valve area, but that it was becoming 
more and more apparent that the discussion should centre around the qualitative 
changes of the inspiratory airflow, rather than the quantitative (Cole, 1992). Our 
findings are in-line with this sentiment.
When we integrate the knowledge gained from the literature survey coupled with 
the results of our own study, we come to the conclusion that the construction of 
the lateral nasal wall and the valve area are specific adaptations for the purpose of 
modifying the flow pattern of the inspiratory air. This modification is necessary to 
allow proper conditioning (warming and moistening) of the incoming air. We 
consider the nasal muscles to play an important role in this functional adaptation. 
In the past, researchers maintained that these muscles serve only to prevent 
collapse of the lateral nasal wall (Bridger, 1970; Haight and Cole, 1983). Whilst this 
is true, we believe that it is only a partial explanation - the purpose of changing the 
geometry of the nasal lumen of the external nose is of the utmost importance, and 
hitherto overlooked. Certainly, at rest static muscle activity maintains the correct 
geometry (i.e. prevent collapse), but it is during exertion that the external naris 
and vestibule are actively opened by the M. dilatator naris (flaring) to increase the 
nasal capacity to meet the increased oxygen demand. At the same time the 
transverse part of the M. nasalis acts to stabilize and maintain the narrow aperture 
of the nasal valve area (crucial for disrupting laminar flow of inspiratory air). The 
hinge area is acted upon by the alar part of the M. nasalis, and together with the 
head of the inferior turbinate, is able to contribute a fine tuning effect on valve area 
functioning.
The concept of this functional model is well demonstrated in the case of the horse. 
As mentioned earlier, the horse has a very flexible lateral nasal wall (in the absence 
of muscle tension the nasal passage collapses under its own weight). In the first 
instance, one may wonder at this, since it is energetically unfavourable to exert 
continuous effort to maintain the nasal passage. However, in terms of our proposed 
functional model, it becomes logical. The horse must be able to adapt to large 
differences in airflow requirement, and can only do this by adaptation of the nasal 
passage (no oral breathing).
This model could be further validated by conducting electromyographic studies of 
the nasal muscles during inspiration of different qualities of air such as degree of 
moisture and temperature variations. The method of selective electromyography
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developed by us would be very suitable for this purpose. We would expect to see 
differences in the extent of the reactions of the nasal muscles, since it has already 
been shown that voluntary movements of the nasal muscles have an effect on the 
temperature of the inspiratory air when measured in the oropharynx (Cole, 1954). 
It would also be interesting to extend the comparative anatomical studies in 
mammals that depend excessively on the modification of inspired air as a result of 
extreme environmental conditions.

CLINICAL IMPLICATIONS

Based on the conclusions presented above, we would like to make the following 
amendments to the commonly used guidelines for rhinosurgery. We have reviewed 
current recommendations, and would like to categorize them according to the 
three regions defined in our functional model.

1. Osseous-cartilaginous chain
We emphasize that maintenance of the stability of this part of the lateral nasal wall 
should be given priority during nasal surgery. This can be achieved by avoiding 
disruption of the attachment sites of the components of the chain:
a. junction between LNC and bony pyramid

Disruption of the firm attachment between the LNC and the bony nasal pyramid 
obviously compromises the stability of the osseous-cartilaginous chain. It is most 
commonly the result of trauma, but may also occur during nasal surgery as the 
result of, for instance, wide resectioning of the nasal roof (Parkes and Kanodia, 
1981; Sheen, 1984; Adamson, 1987). We concur with earlier recommendations 
that irrespective of the cause of the disruption, appropriate realignment and 
fixation of the disrupted parts is necessary.

b. attachment of LNC to septum
Disruption of the attachment of the LNC to the septum alone will not lead to 
instability of the chain, provided the LNC is still firmly attached to the bony 
pyramid. However, when both attachments are disrupted, for instance following 
large hump resection, the LNC is clearly deprived of its support, resulting in 
lateral nasal wall collapse in this area (Parkes and Kanodia, 1981; Sheen, 1984). 
Therefore, we recommend that care should be taken to avoid such a situation. 
Where it does occur, we advise reattachment of the LNC to the bony nasal 
pyramid.
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c. IC-junction
Generally, the IC-incision is not considered harmful to valve area functioning 
(Goldman, 1965; Kern, 1978). Our findings underline this idea, since the 
stability of the osseous-cartilaginous chain is not at all affected. Some authors 
have suggested that the IC-incision could reduce mobility (Sulsenti and Palma, 
1989), though from our findings this is not problematic. However, extension of 
the IC-incision too far laterally may weaken the hinge area by disrupting the 
attachment of the accessory cartilage(s) and the alar part of the M. nasalis. 
Stucker and Smith (1976) indeed found this to be a common cause of 
postoperative collapse, although they attributed it to disruption of the 
attachment of the lateral crus of the GAC rather than damage to the accessory 
cartilages. Either way, in our opinion the recommendation to restrict the IC- 
incision, and avoid extension too far laterally, should be taken seriously.
The stability of the IC-junction may be seriously affected by the resection of 
strips of cartilage in this region, particularly when this results in the loss of 
cartilage overlap. Radical resectioning of a caudal strip of cartilage of the LNC, 
performed when shortening the nose and rotating the tip upwards, may thus 
affect the stability of the IC-junction resulting in collapse of the lateral nasal wall 
in this region (Goldman, 1965; Stucker and Smith, 1976; Adamson, 1987; 
Kasper batter and Kern, 1987).
In the same way resection of a wide strip of cartilage from the cranial margin of 
the lateral crus of the GAC, performed when reducing ballooning of the tip and 
rotating the tip upwards, may have a similar deleterious effect (Goldman, 1965; 
Kasperbauer and Kern, 1987).
In-line with previous recomendations we would like to emphasize the 
importance of sparing removal of cartilage, as well as the necessity of suturing 
the skin after this procedure. The latter may help to prevent the loss of 
intercartilaginous overlap.
In some elderly patients, the lateral crus has sunk caudally, so that the 
intercartilaginous overlap has been lost. In that case, the cartilage rotation 
technique introduced by Rettinger and Masing (1981) may be applied. Upward 
rotation of the greater alar cartilage may help to strengthen the weakened IC- 
region. This technique also yields a beneficial effect on the dome tension, 
although this may be lost again in time.

d. dome
Cutting or even amputation of the dome will inevitably lead to collapse of the 
lateral crus, which is largely stabilised by the dome. Although suturing the
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disrupted parts may help to prevent collapse, this is unable to restore the full 
dome tension, which contributes to stabilization. Therefore, this procedure 
should be advised against.
In contrast to statements in the literature, spreading between the domes is not 
to be considered very harmful since there is no ligament that could be destroyed 
(chapter 4). However, we still consider it advisable to suture the cartilages 
afterwards, since clinical experience has shown that otherwise broadening of 
the tip may occur.

2. Ala
The ala is not usually the site of extensive surgical disruption. However, there are 
some procedures (vestibular incision, rim incision) which may lead to damage of 
the M. dilatator naris. In these instances, one should try to avoid severe damage to 
the muscle, since this might lead to a postoperatively ’’wooden” appearance of the 
external nose. Theoretically, one would also expect functional problems (alar 
collapse).
The attachment of this muscle to the lateral crus may in the same way be damaged 
during lobular surgery. Especially in the delivery technique and external approach 
the lateral crus will be disposed of its muscle attachment. Because the effect of this 
muscle on the osseous-cartilaginous chain is limited (chapter 3), we do not expect 
a serious effect.

3- Hinge area
As noted, lateral extension of the IC-incision may affect the hinge area and cause 
functional problems. Similarly, a roughly executed vestibular incision prior to a 
lateral osteotomy is expected to affect the muscle fibres of the alar and transverse 
part of the M. nasalis. In our belief, this particular consequence has not received 
much attention yet.
A low lateral osteotomy followed by in-fracture of the bone results in a 
repositioning of the posterior border of the hinge area (the rim of the piriform 
aperture) in a medial direction. This procedure disrupts the normal anatomical 
relationships in this important area and may result in narrowing of the valve area. 
Preservation of a bony ridge at the base of the rim of the piriform aperture which 
has been advised by some, therefore seems prudent, at least in the case of a narrow 
pyramid (Webster, 1977).
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SUMMARY
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SUMMARY

This thesis deals with the functional anatomy of the nasal valve area and lobule. 
Attention is focussed on the contribution of the mobile lateral nasal wall to nasal 
valve area functioning. The aims of this investigation are to describe the anatomical 
factors that determine lateral nasal wall stability and mobility and to point out 
factors in nasal surgery that may help to prevent or to treat nasal valve area 
dysfunction.

Chapter 2 reviews the literature pertaining to the anatomy of the human nasal 
cartilages and muscles. Accurate anatomical knowledge of these structures is 
obligatory for the study of lateral nasal wall stability and mobility. This review 
demonstrates that a uniform description of the nasal cartilages and muscles is 
notable in its absence. This is especially true for the attachments of nasal cartilages 
to neighbouring structures, as well as the location and function of the muscles 
influencing the valve area. Attention is drawn to the confusing terminology of both 
nasal cartilages and nasal muscles. The discrepancy between anatomical and 
surgical literature is apparant. Since anatomical terminology has been standardised 
world-wide, in the Nomina Anatomica, we plea for the use of the anatomical terms.

Chapter 3 reports on an anatomical investigation of the nasal cartilages and muscles 
with special reference to their relationship to the nasal valve area. We performed 
dissection of the nose and serial sectioning in 15 human Caucasian noses. 
Additionally, two noses were used for a three-dimensional reconstruction of the 
nasal cartilages. In order to gain insight into the kinematics of the lateral nasal wall 
we focussed on the functional anatomy of the nasal muscles and the 
intercartilaginous and osseous-cartilaginous junctions. The lateral nasal wall can be 
seen as made up of three parts. At the level of the osseous-cartilaginous chain of 
bone, lateral nasal cartilage and lateral crus, the lateral nasal wall is relatively stable, 
limited mobility being allowed by movements in the IC-junction and (coupled) 
distortion of the cartilages. At the level of the hinge area the lateral nasal wall is 
supported by one or more accessory cartilages embedded in soft tissue and 
therefore much more compliant. The alar part of the M. nasalis, which originates 
from the maxilla and inserts on the accessory cartilages, may dilate the valve area 
by drawing the hinge area laterally. Finally, the most compliant part of the lateral 
nasal wall is the part which is not supported by cartilage, the ala. The M. dilatator 
naris largely occupies the ala and is attached to the lateral crus; it obviously
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influences the ala and opens the external naris. The third nasal muscle that 
influences the lateral nasal wall is the transverse part of the M. nasalis. It overlies 
the nose, but is not attached to it. This muscle may stabilize the lateral nasal wall, 
more in particular the lateral nasal cartilage, the IC-junction and the hinge area, by 
moving the nasal skin.

Chapter 4 focusses on one particular aspect of the anatomy of the lobule. We came 
across a considerable confusion in the current literature regarding the exact nature 
of the attachments of the domes and the medial crura of the greater alar (lobular) 
cartilage. In an attempt to clarify the situation and to define an unambiguous 
nomenclature we undertook an anatomical study involving the macroscopic 
dissection and histological examination of the noses of 14 Caucasian cadavers. We 
did not find any evidence to corroborate the presence of either a ligamentous or 
membranous attachement in the interdomal area, the intercrural area or in the 
region between medial crus and septum. Instead, these areas consist of ordinary 
dense connective tissue, which fails to meet the histological criteria of a ligament 
or membrane.

In order to gain insight into the functional activity of the nasal muscles, we 
performed an electromyographic investigation, the results of which are reported in 
chapter 5. EMG activity of six nasal muscles was monitored in 17 male volunteers 
with normal nasal form and function. Surface electrodes were placed on the nasal 
skin in such a way that the activity of each of these muscles was registered 
selectively. Recordings were made under different breathing conditions and during 
voluntary nasal movements (flaring, sniffing, drawing down the nose). We observed 
inspiratory EMG activity in one or more of the following muscles: the M. dilatator 
naris, the M. apicis nasi and the M. nasalis (alar part and transverse part). EMG 
activity increased markedly in response to exercise and seemed to be more often 
present in case of decreased nasal patency. During voluntary movements a 
combined activity of the nasal muscles was consistently present. We conclude that 
the M. dilatator naris, the M. nasalis and the M. apicis, apart from their mimetic 
function, serve as accessory muscles of respiration. Together, they play a role in 
resisting the dynamic compression of the lateral nasal wall that occurs during 
inspiration.

In chapter 6 the functional anatomy of the nasal valve in various mammalian species 
(horse, cow, dog, monkey, seal, sea-lion, sea-bear and tapir) is studied by dissection
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and by means of sectioning. With this study we were able to test the hypothesis of 
the presence of a nasal valve in the mammalian external nose. If present, this may 
help us to learn more about the general design of the nasal valve. At least in the 
mammals investigated we found this hyopothesis to be true. We were able to 
identify a valve-like structure in each of the mammals investigated, made up of the 
nasal septum and a fold in the mobile lateral nasal wall, the so-called plica alaris, 
which is a rostral extension of the ventral turbinate. The lateral nasal wall and the 
plica alaris have a different arrangement in each of the species studied, although 
the caudal part of the plica always contains an accessory cartilage which is attached 
to the turbinate. The lateralis nasi muscle may pull the cartilage and the plica alaris 
away from the septum, thus dilating the valve. We were not able to demonstrate any 
anatagonist of such a dilator. Similar structures in the human nose are the accessory 
cartilages in the lateral nasal wall and the alar part of the nasalis muscle. Together 
with the head of the turbinate these structures apparantly form a vital part of the 
valve region in the mammalian nose.

In chapter 7 the main findings of this study are repeated and evaluated. The 
structural factors that govern the stability and mobility of the lateral nasal wall are 
outlined. We stress the importance of the hinge area as the most dynamic part of 
the lateral nasal wall that takes part in the valve area. We postulate an active role 
for the nasal muscles in the inspiratory phase of respiration in maintaining or 
changing the geometry of the lumen of the external nose in order to meet the 
respiratory demands. Indications for future research to substantiate this idea are 
given. Finally, some clinical implications of our findings are mentioned.
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SAMENVATTING

Dit proefschrift behandelt de functionele anatomie van de neusklep en lobulus. De 
nadruk ligt op de bijdrage van de laterale neuswand aan de werking van het 
neusklepgebied. Doelstellingen van het onderzoek zijn: het beschrijven van de 
anatomische structuren die de beweeglijkheid van de laterale neuswand bepalen en 
het aanwijzen van chirurgische factoren die de beweeglijkheid van de laterale 
neuswand en de functie van het neusklepgebied kunnen beïnvloeden.

In hoofdstuk 2 wordt een literatuuroverzicht gegeven van de functionele anatomie 
van de neuskraakbeentjes en de neusspieren bij de mens. Kennis van deze 
structuren is nodig voor de studie van de stabiliteit en de beweeglijkheid van de 
laterale neuswand. Het blijkt dat er geen eenduidige beschrijving van de 
neuskraakbeentjes en -spieren is. Dit geldt met name voor de aanhechtingspunten 
van de kraakbeentjes en de lokalisatie en functie van de verschillende neusspiertjes. 
In dit hoofdstuk wordt derhalve de noodzaak van het verrichten van nader 
anatomisch onderzoek benadrukt. Verder wordt de verwarrende anatomische 
nomenclatuur ter sprake gebracht. Er wordt met name een duidelijke discrepantie 
tussen anatomische en chirurgische terminologie gesignaleerd. Een voorstel tot 
eenduidige nomenclatuur wordt geformuleerd, waarbij van de anatomische 
terminologie wordt uitgegaan.

Hoofdstuk 3 beschrijft de resultaten van het anatomisch onderzoek van de 
menselijke neuskraakbeentjes en neusspiertjes, waarbij vooral aandacht is 
geschonken aan de relatie van deze structuren met het neusklepgebied. Hiervoor 
werd op cadaverneuzen dissectie uitgevoerd en werden coupes gesneden, die 
vervolgens macroscopisch en microscopisch werden bestudeerd. Bovendien werd 
in twee gevallen met de coupes een 3-D-reconstructie gemaakt van het 
kraakbeenskelet van de neus. Met behulp van de resultaten werd getracht inzicht 
te verkrijgen in de kinematica van de laterale neuswand. De laterale neuswand 
bestaat uit drie delen. Het eerste en meest stabiele deel is de bot-kraakbeenketen 
van bot, cartilago nasalis lateralis en cartilago alaris major. De beweeglijkheid van 
deze keten is beperkt en wordt bepaald door translatie en rotatie in het gewricht 
tussen cartilago nasalis lateralis en cartilago alaris major (IC-verbinding) en 
vervorming van de kraakbeentjes. Het tweede deel is de hinge area. Hier wordt de 
laterale neuswand gesteund door een of meer cartilagines accessoriae. De 
beweeglijkheid is hier veel groter. De pars alaris van de M. nasalis grijpt aan op de
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cartilagines accessoriae en kan verwijding in de hinge area bewerkstelligen. Het 
derde deel is de ala, de neusvleugel; deze bestaat alleen uit weke delen en wordt 
dus niet gesteund door kraakbeen. Dit deel is derhalve zeer mobiel. De M. dilatator 
naris neemt het grootste deel van de ala in beslag. Deze spier opent het neusgat en 
verwijdt het vestibulum nasi. De pars transversa van de M. nasalis bedekt een deel 
van de laterale neuswand, maar zit er niet direct aan vast. Deze spier stabiliseert het 
klepgebied (cartilago nasalis lateralis, IC-gebied en hinge area).

In hoofdstuk 4 wordt dieper ingegaan op een bepaald aspect van de anatomie van 
de lobulus. In de literatuur is onduidelijkheid over de aard van de verbinding tussen 
de domes en tussen de mediale crura. Om deze verbindingen eenduidig te kunnen 
beschrijven werd een anatomisch onderzoek uitgevoerd van veertien humane 
cadaverneuzen. Er blijkt op geen enkel niveau sprake van een ligamentaire 
verbinding tussen de twee alaire kraakbeentjes. Dit is ook het geval voor wat betreft 
de verbinding tussen septum en crus mediale. In alle gevallen bestaat de verbinding 
uit gewoon straf bindweefsel.

In hoofdstuk 5 volgt een beschrijving van een electromyografisch (EMG) onderzoek 
van de menselijke neusspieren. Bij zeventien gezonde mannelijke proefpersonen 
werd selectief neusspieractiviteit met behulp van oppervlakte-electroden op de 
neushuid vastgelegd. Tijdens inspiratie blijken één of meer van de volgende spieren 
actief tijdens neus- en mondademhaling: M. dilatator naris, M. nasalis (pars 
transversa en pars alaris) en M. apicis nasi. Bij inspanning neemt de amplitude van 
het EMG-signaal toe, maar ook het aantal actieve neusspieren. Deze neusspiertjes 
kunnen beschouwd worden als hulpademhalingsspieren, die samenwerken om o.a. 
de stijfheid van de laterale neuswand te vergroten en de neiging tot collaps tijdens 
inspiratie tegen te werken. De neusspieren hebben ook een mimische functie. Dan 
is er sprake van een synergetische activiteit van bovengenoemde vier spieren, 
alsmede de M. procerus en de M. levator labii superioris alaeque nasi.

Hoofdstuk 6 beschrijft de resultaten van een vergelijkend anatomisch onderzoek 
van de neus. Bij negen zoogdiersoorten werd middels dissectie gekeken naar de 
anatomie van de neuskraakbeentjes en neusspieren, om na te gaan of er sprake is 
van een neusklep en, zo ja, of dit informatie verschaft over de werking van de 
neusklep in het algemeen. In alle gevallen blijkt sprake te zijn van een klep, 
vergelijkbaar met de neusklep bij de mens, bestaande uit een plooi (plica) in de 
laterale neuswand en septum. Ofschoon de bouw van de laterale neuswand en de
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plica per diersoort verschilt, wordt de kraakbenige kern van het deel van de plooi 
juist vóór de concha ventralis altijd gevormd door een cartilago accessoria, dat 
vastzit aan de concha. Hierop grijpt een spier aan, de M. lateralis nasi, die de laterale 
neuswand naar buiten trekt. Een duidelijke antagonist van deze spier, dus een 
nasale constrictor, kon niet worden aangetoond. Vergelijkbare structuren bij de 
mens zijn de cartilagines accessoriae en de pars alaris van de M. nasalis in de hinge 
area. Deze structuren vormen, samen met de conchakop, kennelijk een vast, 
onveranderlijk onderdeel van de plooi in de laterale neuswand en het 
neusklepgebied in de zoogdierneus.

In hoofdstuk 7 worden de voornaamste resultaten nader besproken. De structurele 
factoren die de stabiliteit en mobiliteit van de laterale neuswand bepalen worden 
op een rij gezet. De rol van de hinge area als meest dynamisch element van de 
laterale neuswand dat deel uitmaakt van het neusklepgebied wordt benadrukt. Op 
basis van de resultaten van dit onderzoek wordt gepostuleerd dat tijdens inspiratie 
de neusspieren een actieve rol spelen in het handhaven of het aanpassen van de 
geometrie van het lumen van de uitwendige de neus aan de respiratoire 
omstandigheden. Nader onderzoek om dit idee te onderhouwen wordt aangeduid. 
Tenslotte worden enkele klinische implicaties van de onderzoeksbevindingen op 
een rij gezet.
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GLOSSARY

Ala:
lowest part of the later wall of the external nose, made up of skin, subcutaneous 
tissue and the M. dilatator naris

Bony pyramid:
upper part of the external nose, consisting of the nasal bones and the nasal 
processes of the maxilla

Cartilaginous vault:
middle part of the external nose consisting of the lateral nasal cartilages and the 
part of the cartilaginous septum to which they are fused

Dome:
place of junction of the medial and lateral crus of the greater alar cartilage 

Flaring:
active dilatation of the nostril and vestibule 

Greater alar cartilage (GAC) = Lobular cartilage:
paired cartilage, consisting of two crura, which constitutes the cartilaginous 
framework of the lower part of the external nose

Height of the nose:
distance between paranasion and subnasale 

Hinge area:
area of the lateral nasal wall bounded by the rim of the piriform aperture and the 
posterior part of the lateral nasal cartilage and lateral crus of the greater alar 
cartilage

Lateral crus:
lateral part of the greater alar cartilage
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Lateral nasal cartilage (LNC) = Triangular cartilage = Upper lateral cartilage: 
paired triangular or quadrangular-shaped plate of cartilage, constituting, together 
with the septum, the septolateral cartilage

Limen nasi = Plica nasi:
fold in the lateral wall of the human (external) nose formed by the caudal margin 
of the lateral nasal cartilage

Lobule:
lower and mobile part of the external nose consisting of the greater alar cartilages, 
alae and membranous septum

Medial crus:
medial part of the greater alar cartilage 

Nasal index:
width of the nasal ala/height of the nose x 100 

Nasal valve:
slitlike opening between the caudal end of the of the lateral nasal cartilage and the 
nasal septum (see also: ostium internum)

Nasal valve angle:
angle between the lateral nasal cartilage and the septum 

Nasal valve area:
nasal segment bounded laterally by the caudal end of the lateral nasal cartilage and 
the fibrofatty tissue of the lateral nasal wall, posteriorly by the head of the inferior 
turbinate, medially by the septum, and inferiorly by the floor of the nose

Nasion:
midpoint of the nasofrontal suture

Nostril = Naris = Ostium externum: 
external nasal opening
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Ostium internum:
internal nasal opening, bounded by the limen nasi and the septum (see also: nasal 
valve)

Paranasion:
point on the skin overlying the nasion 

Plica alaris:
fold in the lateral nasal wall of the mammalian nose extending from the ventral 
turbinate in a rostral direction

Plica nasi = Limen nasi:
fold in the lateral wall of the human (external) nose formed by the caudal margin 
of the lateral nasal cartilage

Returning:
condition in which the free edge of a plate of cartilage is turned back on itself 

Subnasale:
point on the skin overlying the anterior nasal spine 

Vestibule:
most ventral part of the nasal passage between the nostril and the ostium internum, 
bounded laterally by the lateral crus of the greater alar cartilage and ala, medially 
by the columella and membranous septum

Width of the nasal ala:
distance in a straight line between the most lateral points on each alar contour
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Stellingen behorend bij

ON THE FUNCTIONAL ANATOMY OF 
THE NASAL VALVE AND LOBULE

Tj.D. Bruintjes 1996



STELLINGEN

1. Eenduidige nomenclatuur voor de menselijke neuskraakbeentjes en -spiertjes is 
noodzakelijk.

2. Het cartilago nasalis lateralis, de door Mink veronderstelde neusklep, bevat 
geen spieraanhechtingen.

3. Het interdomale ligament bestaat niet.

4. De spieren in de neus van zoogdieren hebben geen van alle een constrictor- 
functie.

5. Bij iedere chronische otitis externa die onvoldoende reageert op lokale 
therapie of juist verergert na lokale therapie moet altijd aan de mogelijkheid van 
een contactallergie worden gedacht.
Clin Otolaryngol 1995; 20: 326-328

6. Het nut van een behandeling met corticosteroïden bij een facialisparalyse van 
Bell is nimmer bewezen.

7. De verbeningstoestand van de verbinding tussen corpus hyoideum en cornu 
major is niet als leeftijdsindicator bruikbaar.
HOMO 1994; 45 (Suppl): 26

8. Het gebruik van geavanceerde technieken bij paleopathologisch onderzoek van 
menselijke skeletresten heeft maar in een beperkt aantal gevallen een 
meerwaarde boven macroscopische inspectie en conventioneel röntgen
onderzoek.



9. Het is zeer de vraag of Multatuli asthmalijder was.
Over Multatuli 1993; 31: 35-43

10. De introductie van postorderfarmacie bevordert de marktwerking in de 
gezondheidszorg.

11. De keuze die de spellingcommissie van de Nederlandse Taalunie heeft gemaakt 
omtrent het gebruik van de verbindings-n zou wel eens de oplossing kunnen 
zijn van een langdurig bestaand, onnodig spellingsprobleem.

12. Humor is kwetsend.

Tj.D. Bruintjes, november 1996
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