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| & . Abstraét

Investigétions ihtb the development of the skeleton and
intrinsic musculature of the huhan 1aryﬁxfdemon5tréted'that
these sthdé%uges,were.derived from an jnneh and~ou£er
‘pharyngea1 mesodermal condensation. |

The‘sequence.dfiskéletal develoﬁment.fof]oWs the.
reverse of what one would expect from phylogeny (see Negus,
‘T962), that is the cricoid and thyroid cér;i]ages dévé]op_
first followed by the development of the arytengid
'cartilages. The thyroid cartilage developé‘from {our
po}tions; two oﬁ either s%de of the midline thatulater fuse
‘and later still, the halves on either side of the midline
fuse. The criéoid develops unilaterally froﬁ‘before
backwards andvfrom below up whereas'fhe.arytenoid cartilages

vdeve]op’bi]atera]ly with the vocal processes beihg the last

portion to chondrify. The procéss of chqhdrification follows .

four stagéé. The dense mesenchymal stage exists from:about

1170 to 20.0mm. and the précartilage stage from about 17.0s

to 22.5mm. The prochondral stage begins about 20mm. . and
céntinues.beyond the 40mm. stage. The onset of the fina14;
stage of development (chondra]) is sometime prior.td 71 .’0mm.
but lack of the necessary specimens prevents pinpointing the
éxact time. A : ' . ‘ .

The séduence of muscular development proceedé in a
cranial to caudal direction. The‘inierarytenoid primordium

was first to develop followed by the posterior

cricoarytenoid primordia which was in turn followed by the

iv
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' simu]taneous'development.of’the‘thyroarytenoid-mass'and_théy
'cricothyroid an]age A1l -of the'intrinsic 1aryngea1 musclesxr
‘ deve]op from the 1nner mesodermaqﬂcondensat1on w1th the ’ h
except1on of the cricothyroid wh1ch develops from the outer .
pharyngeal condensat1on Myogenesrs can be-d1vtded 1nto}fouri
‘stages based on cellular appearence The'onset of‘the' _
premyoblast stage was recogn1zed at 11. Omm. and oontinued up
unt11 20mm The myob]ast1c stage ranged fromJabout 17 to
.about 65mm. from 40 to about 65mm The ‘myotube snage ..
commences pr1or to the 71, Omm spec1men (SH106) The fourth
stage of myogenes1s (myof1ber) was not represented in the

age groups of this: study o -
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I. Introduction ]

|- N

~The/1nye5tigation Anto the deveiopment of the caiti]age‘
and intrinsicrmusculdture of the human larynx was.fhe
purpose of this study. Ear]ieriétudies of this structufe.
have been gonducted by Kallius (1897), Frazer (1910), Lisser
(1911), Hast (1970) and most Feceﬁt]y'by Muller et al.
(1981). Investigations on this supject however are by no
means complete or without contrngrsy. The deve]opmentaI
process by and large is st111'unceﬁtain (Muller et al.,
1981) . ' | ' S

Much.gf the uncertainty surroundﬁﬁg the subject stems
fromgfhe fact that a large collection of human embryos and
fetuses.is difficult to obtain and furthermore
réconstruction of models from these spécimens is very tima
consuming. Together these problems have tended to confine
the limits of previous studies and have resulted in
interpretations from incomplete data thereb& prom5tinq
controversgy in the literatire. Idea]]y; further studies surh
as this one uysing a larger specimen collection must be
. L

under taken in m~rder to give a complete and comprehensive

i tire onf the dacvelopmental pvoweae o tha oy

A Neeod fﬁr Reconatruct ion

Thi e dimensgional rpcﬁncfrﬂcfions(of a two did?“”i”“?'
ohijert (the secticned émh ve o fetus) enhh‘°§ one to
interpret fh@ mot pshalogy nf the shject as it appeared prio

ty sectioning  Thic interpretation can in ne wav be achijieved



‘

by means of two dimensional~micro$cobic observation prior to
reconstruction. Realization of the third dimension is the'
single most important'criterion ih the interprétation of
de?e]opméntal anatomy and is inherent in the reconstruction
Iechn%que. Reconstruction ofva number of spedimens in a
sefies af pertinent ageé-isﬁthe mégf effective technique in
achieving é comprehensive and detailed study Qf the dynamic
‘developmental process. o

Histologic examination of the sections fd]\dwing
reconstruéffoﬁ eﬁabfes'one to see detail thét caﬁ be masked
in the reéonstrubiibn and, in addition, allows cémpaﬁiéon of
a number‘bf‘similaf.aged specimens to'those~rec6n§tructed.
It follows then thétiboth;reconstruction dnd microscopic
ohservation should be employed to assess the devel6pméntal

process of this study.

B. Ndult MorphoTogy of the Larynx

The skeleton of the larynx is composed of the thyroid.
cricoid and paired arytenoid hyaline cartilages. Two
addftional nairé i small elastic cartilages the corniculate
and cuneiform are lorated at the arytenoid apices and witﬂin
the ar;aviol“ffi" fﬁldé recn°hfi9e‘y. The epiglottic
cartilage, =2lthough nnt considered in this §t“dy' is
nonetheless a companent ~f Thé larynx insomuch as its base
is attached to the thyrid "'ar‘filage, The epig](\ffi'su
fHHCTiﬁH: in gwallowing and 't a legear savtent in the

cenaatinng nf tactae



Movement within the larynx fs made possible by the
paired,synbviai cricoarytenoid and cficothyréid joints. The
thyroid cartilage rotates fhrough a horizontal axts p]éced
between-the joints concernea whareas thé arytenoidw. |
cartilages both slide and rotate on an almost vertical axis
placed through the cricoid (Gardner ef al, 1975).

The'intrinsic muScu1ature.of the ]é}yn* consists of
- paired cr%cothyroiq, lateral dﬁd poSterior cricoarytenoid,
th§roarytendid and vocalis musc]eskand the singular

interarytenoid muscle. The latter is often diffenentiafed'

into.a deep transverse 1ayer'and a superficial ob]iqué layer

that is continuous with the aryepiglottic muscle (Gardner et

1

al. 1875).

Motor innervation to the larynx from the nuc leus
ambiguus is carried to the superior and inferior . laryngeal
nerves via the tenth cranial nerve. The éuperior Raryngea]
.nervpé bifurcate prior to reaching the larynx infto the
intergal and external laryngeal nerves. The internal
laryngeal nerves pierce the thyrohypid mémbrane to enter the

larynx while the external (as the name implies) remains

external to the. Tarynx. The recurrent nerves recur around

the subclavian artery on the right and around the aorta on.:-

the left. Both recurrent nerves enter the larynx posterior
te the rricothyroid articulation das the inferior larVngea]i
ner ves. The internal laryngeal nerve provides sensory

innarvation from the epiglinttis to just above the vocal

folds. The external laryngeal nerve supplies the motor

5

. A
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-inpervation to-the cniCotthoid musc1e,\lb§Ainferioh
laryngeal nerve carries the sensory innervation of the vocal

foldgfand the region below blus the motor innervation to the

-

remaining intrinsic musculature (Gardner et al, 1975) .

The blood supply to the larynx comes from the laryngeal .
branches of the superior énd‘dnferior thyroid arteries |
(Gardner et al, 1975). These branches follow the pathway of
the ihterné] and inferior nerves. Blood is drained from the d
h]a;ynx by thé superior, middle (if présenf), and~jnferioq_
’tHyro%d veins (Garaner et‘al, 1875). The super16r'thyroid
veins are tributaries 6Tlthe }nternal judb]ar veins while
the inferior thyroid veins are fributaries o% the
brachiocephalic veigs.

C. Laryhgea] Cell Origin

The cell origin of the muscu]oske]etal syétem of &he
larynx deVelops from both in Situ- visceral mesoderm and from
mesectoderm. The meséétddeﬁmdi; derived f}om thelcrahia]
lcrest, that is,~the‘néural crest éel]s from levels above the
~6tiéf&esic1es (?Fonnér?ﬁhaZer and Cohen, 1980) . The neural
crest cells that are induced by the endoderm of the
laryngopharyny differeffiate into the laryngeal cartilages'
(Rronner -frazer and Cohen, 1980). The intrin;ic muisculature

of the laryny is der ived from in sitiy meamdeorm and frean the

cranial creat ~elle ‘Uﬁuﬁrin 1020}



I1. Materials énd Me thods
A. Sbecimens ‘
| A1l tHe spé&imens used in this stud; were human. The
.’g»embryos and fetuses are from fhe University of Alberta’s
| Anatomy Department (R.F.;Shaner Collection; H. Zaw-Tun
curator). All specimens ip %helshaner collection are
referred to by their code (SHf&fol1OWed‘by'the appropriate
number (ég. 101). The serial sections are listed using
letters and o; numbers to denote %irst the s]ide.numberh(eg.

N\

22), then the row number (eg. 4], and. finally the section
number (eg. 5). The above example wouid tHen appear as SH101!
. °

22.4.5 in the Shaner system. The paraffin embedded specimens
were serially sectionedAin the traﬁsverse plane, staiﬁéa
with hematoxylin ana eosin and mounted using standard
histologic techniques. A Tist of the specimens and relevant
data pertaining to them can be found in Table 1. The
fertilization age‘of these specimens were calculated using
the s~ale shown in Figure 1 which was adaptéﬁ from Patten,
1968: H+must be stiressed here that these age§ are
apprﬁximaiione because the amount »f spinal curvature varies
from qr;e(*imon to specimen and can thernsfore skew the Crown
Pump (}R’ meastir ement

Siy specimens (SHET, SHRT, SHI0L, SHINS, SH106 and
SHIOA) were chasen far reconstriction  Fach specimen was

reconstrncted firet ta show the cartilage and secondly to

chiow the mugele attached tre the ~artjlnags  These apecimeans



' ;

were‘choseﬁ‘on the basis bf fheir age-and on the‘pasis of
their, histoloéic qualityj The triteria for qua]ity were
minihé] tissue imperfections, and minimal obliquity in the
plane of section, and, most importantly, the.completeness of
the serial sections. The latter quality is most beneficial
when reconstructing to prévent distortion of the model. The
ages were chosen at appropriate intervé]s (to the best of
the collections limitations) to illustrate the dynamic |
process of the study. The 1arge§t specimen available in %he
Coi1ection Qas {TOmm:(SH108). Therefore’this study traces
the development from jts onset up until the fourteenth week .,

lSeria] tissue sections of the remaining specimens
listed in Table 1 were énalyzed using a microscope. This
provided a comparison to those specimens that weré
reconstricted and also provided intermediates between those
‘reconstructed.

It~is appropriate here to point out (as |isser did in

1911) that‘repggductinn of devélbping tissues presents
peculiar difficulties These difficulties staem frﬁm fhe fact
fha@-transifinn zones of tissues evist at the various
deve lopmental stagés. For evample. clear demarcation of
these zanes in developing cartilage presents prﬂhﬁems when
tracing the .tissue image.fnv the reconstruction. The Jine
“between precartilage and antilaqo is not distinet bot
rather a cése of over tapping 7one~ . Therefrre a decision

miigst be made as to where the heat it line chall be drawn

A attempt to canti Al thie erin- o of errar in th~ methed can



¥

~

be done by using similar judgement criteria throughout the

reconstructions.
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B. Magnification Technique

Reéonstructions must be magnified else they provide
;little if ahy Knowledge beyond grosé dissection. When
magnifying a specimen certain parahéters must be delt With,
such as ‘the tissue section thickness. the thickness of the
reconstruction'media, and the size to whirch one wishes to
enlérge the reéonstruétjon ‘

The thickness of hoth the tissue section and fhe
reconstruction media limit the magnification factor that can
he inc:ofporated inte the reconstripction, For example ‘iﬁ this
study the wax plate media used is on the average 1500
micrometers thick. If the tisgsye séction thickness is 10
micrometers then 1600 divided bv 10 is 180 Therefora if
every tissue cacticn ig used in 1he pecengtryct ion. then the
imoge &nct he magnil;od IR0 timee the size of ythe section
1f a 50x enlargement js desired, then everylthird cactinn
&ﬂqt he u§éd'ﬁn the reconstructi“n énd, likewise, if 7Rv i«
Joe i od thoh every other section must br used and n <y,

The accuracy of the reccistruction d?miniehva

24 Y
pfopar tionately to the nomher f tiague s~~tions deleted in
the reconateyrtion That de. a (50x madel in the nhové
erample WOUTd he mnte acimate than the 80 mode], From the

flat « gathrred b e it e a1 ommended te dretete mere thine o

e T e T 4 R T .)f,ng v b by e
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C. Reconstﬁuctionq

Three d1men51onal reconstruct1ons of the above
mentioned specimens listed in Tab]e 1 were made*us1ng the

Born wax pﬁate techn1que (see Gaunt "and Gaunt, 13978} Dental

wax plates (Kerr Tlexo wax) were chosen as a modeling medqum

because they are re]atjyely-1nexpens1ve, have cons1stent;
thickness, and are eaeily managed; |

The first step of. the Born technique is to produce
magni fied tra”inge of the enlarged specihen ﬁe be
reconstructed  TJTo perform this task, pencil tracings-oﬁj_
plain white paper were drawn from seriaify brbjectedlimages
nf the tjssue'sections. The Bausch and Lomh Tri-éimplex and‘

the Leitz Prad» minroprojectors were used to project: the

tiesue images.

The second task of this mefhhd is tn transfer the
fra;}ngs from the paper ontb way nlatesg. Thig is
accomp lighad by slipning ‘the paper tmder  the femplate and
bight 1y etrhing the image onteo the wax surface using a
drafting pen stylus. Ihe translucency of the wax plates
Al lwg aceaur ate reniirafion of the underlying template.

The way plate is then ~ut along the otchad line using a

modified Adams C-920 microdissecting scalpel. The
modifivation invelved qhorfening the length ~f the bl;é?
bringing the handle and ti\er'efore th'e‘.har"i closer to the wav
i face and thereby increacing the cutting precisiﬁn
Refrara the wr\:v.. image can be r‘el\‘)(SVéd ‘Fl‘(.‘;'\ the

surt cunding vay s f'hised@dges marie by the gt must bé{

~ ~

Q"
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;
f]attened This is done by p]an1ng both surfaces of the wax
plate w1th a razor blade held at 80 degrees This procedure
w11l create a greater surface tension when the plates are
glued. ' |

The wax plates are then remOVed from the surroundtng
‘wax 1mages and ser1al]y stacked with glue 1nterven1ng The

K]

images were stacked using the guidance of veference po1nts

“in’the-tissue sections {such as the notochord and aorta).

Excessive dlue that is squeezed out from between the wax

\sect1ons shou]d be removed befnre hardening to prevent th1s

"task from becom1ng cumbersome . The glue can bhe removed by
uiding -the cuttﬁng tool etong.the edge o¥ the‘ﬁode1 g -
After the glue has hardened a warmed spatula will
smpoth the Jjagged appearance that results from the slight
uneveness of the external surface of the model. Flexible
wires can be heated and 1n$erted jnto'the model at weah
pownts if strengthening is required. baihting'thé model adds
resi]ienoe ahd the use of colors adds contrast. A polymer

medium added to the acrylic paint prevents this mixture from

| beading on the wax model:

The reconstructions of the laryngeal.skeleton in this

study included tissues in the precarti]age; prochondral, or

" chondral stage ot develooment, Dense mesenchyme, the

7precursor to precartilaqe was omitted. Therefore the onset

of chondrtfv@at1on was arb1trar11y def1ned with the

“e

“‘w\e;' & ot o

precartilage staqe in thls study e L

3. . mops. w7 - . R
e 7w AR ) v e =3 . ¢
‘ L TR S
- T h Lot e . ‘ B o .
N . ’ . . T LN -
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A'éimilar‘method'was usefl in .the s tudy of the intrineic

musculature. The derise mesenchymal stages were omitted from

~ the reconsthuctions and the onset of myogenesis was

-

>

arb1trar11y defined by the presence of myoblasts

It wowld perhaps ‘be useful here to’ br1ef1y outline- the,.

stages of myogenesis proposed by Boyd (1960) and restated by:

Fischman (1972). The promyoblast is the primordial muscle
cell that isjind{stingu{eﬁab1e from adjecenf mesenchyme. The
$y0b1ast is the spindle-shaped uni or multinucleated cell
that .Tacks myofibfils. The myotube is én.e1ongate
multinucleate cell that containe myofibrils oﬁ]y at iTs_
per]pheral marg1ns The myef{bef is the aault muscle cell
characterized by per!phera1 nucle1 and numerous myofibrils.
Cytolidgical studies of human fetal skeletal muscle
demonetraied that'the myofiber stage is not reached until 20
weekq (Tomanek and. C0111nc Sa1t1n 1977) Therefore the
myof1ber staqe nf differentiation was abqent from ihe
preqent study . ‘ |

A]though the above class1f1cat1on is useful. it has

11m1tat1ons in the present study. Sect1on thickness of

embryon1c twssue does not a}Tow"su1tabﬂe HTsto+og1ea} };'L ‘

.f examwnat1on of the process of mngeneSTs (Muller ét al.

1981) Nonethe]ess th1s classification ‘was usefu] in
prov1d1ng guidelines for the description of embryonic muscle
deve lopment . S1m11ar to the ahove classification of muscle

development, four stages can also>be recogn1zed in the

‘deve lopment of cartilage. The first sign of developing
. e T § - DN . . . - - - -
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cartifage is the condensation of mesenchymé (dense

mesenchymal stage). In the precartilage stage the tissue

destined to become cartilage is organized into a template of -

a particular cartilage. In the prochondral stage
chondroblasts are recognizable and the presence of

chondrocytes is diagnostic of the chondral stage.

D. Tissue Section Analysis’
In-depth tissue_section analysis was undertaken,
following the reconsfrdction pefiod, on the specimens listed

in Table 1. These observations allow relatively rapid

assessment of a number of specimens in an attempt to

quantify the data by increasing its sample size. Specimens
of similar age to‘thgsé reconstructed were used ' to confirm
the observations of the reconstructed speéimons, This ie
done because slight variations occur hetween gppcimoué o f
equivalent agé (see Muller et al. 1981) Specimens of
intermediate age are used hera\t5 assess the: stages between

the models and therefore fill in any gaps fhat might axist

fifn*ﬁhe’deyeTopmgnfai*process.

E.;111hstﬁa%ionétaha Phctcgrabhy

The f1ﬁustréti0ns incorporated into fhé presentatinn of
the data wJLé meant ta enhdnce the 1esults gsection and
fheveby a!]bw th$ véadpv to gain a better understanding o f
the topiec Thege illuystraticone represent. .bhoth themcabtiJago

and muscle reconstuctions. The photographs found in the

13
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appendices éepresent Key tissue sections that reQea]ed
detail not apparent in the reconstuctions or that were
intermediate bpfween the rnnonstuct{nns They are liated in
the appendires in the same order thatxthey appear in Tahla
i. They are titled by fhpir‘catalogue numher and slide
section numher. Tn the text they will be reoferred to by
their plate numher and letter ac presentad in the lict of

phevt ey aphyis plateg
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TABLE 1 Human Specimens Described in the Present Study
Catalogie Size Age Fixative - Sfain ST
# (mm  CR) . ¢
SHA A é;ﬁay€\>Fofnm]ih H and E ns
SHA2 6.0 diay; Fﬁrmaliﬁ H and E 10
SH28 7.0 30days Formalin  H and E 10
SH2 1 8 5 32days Formalin H and E 12
SH40 10.0 33days Formalin H and E 10
SH45 11.0 34days Formalin H and F 10
SHaR 12 5 3bdays Formalin H and E 10
SH11 14.3 37days Formalin H and F ns
SHRO 17.5 RAdays formalin H and F 15
SH83 18.0 39days Fformatin H and F 20
SHE 15.8 §.Bwks. Formalin H and F 20
SHAA 22.5 7 Rwle Formalin Hoand F 20
SHR 1 "3 § 7 Bwkse Fesrma i Hoand F 20
SHA 260 i, Rwhie Festmalin Hoand F ?5
q1QR 26 0 7 fwks Fermalin H oand F 20
SHINY 28 § R Owks Tevemalin H and F 20
cHTOR 40 0 Q. Owke. Rouine W oand F 10
THELOR TE0 11 Rubin Fevemalin JItoand F 20
RIREAIE 0N 1 g Fevpmn ] in Hoa ot a
4 .
e 1 t Y apee i e b i trangyer e plane

' R - ot e bated
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Abbreviations used in the Illustrations and %Qotograph%_ 
AL Arytenoid Car{tilage
AE .. Aryepiglottic Muscle
Ap .. Arytenoid Primordium
C... Cricoid Cartilage
Cp.. Cricoid Primoprdium
Ct.. Cricqthyroid Muscie
H. .. Hyoid Cartilage
Hp . . Hymid Primordium
™M Tnner Mesodermal Concentration
LCa. lateral Cricoprytenoid Moec io
OAm. Oblique Arytenoid Miacies
Oh Dmohy»~id Muscle ,

oM Outer Megndermal Concentration

]

PCa Pogter iemt (] i(\maytﬁr)r';i" Roevesr Vo

Sh . Sternohvoid Mosele
qt étnvnothvvwi” Mis~1le
I Thyroid Cartilage
la Thyroarvtennid Mus- 1~

T A lrangver ge Aryfencid Mye o

P Thvr osied Foew gmen

T Thytrobyvoidd Mogsee e

g Fhawe iel Projoawyr of 10

(LA it ferantiated Maecooijerm

e lie Mo 1ae



I11. Review.of the Literature

As stated in the 1ntr9quction previous stud{es
coﬁcerning either or both the 1n£;insﬁ¢ huscdlatUre and )
Eartilage of the larynx havé been;conductédulfﬁé.réseé;éh
reviewed here aré the ma jor worké.éf'FEJZér"(19105; LiéSerfi
“(1911), Hast (1870 andwa?Z)QéﬁdﬁMul]er‘et.dl. (1981){ The'
works of Kallius (1887), Strazza (1888); and SOQTie’énd |
Bardier (1307) were'reviéwedAby-Mu11eE;et'éT,i(fgéi) and -
Hast (19%0). Partinent information from tﬁééé reviewed -
papers wil1~be tncorporated.1n§th15'chapter and {n the L
discussion. The works of SChaffer,(1907);fGoé%tf1eH‘(195h}.u;51n:p;
Mumladze (1962), Rudan'(1969),‘G506d5n6;Lanza and Marinelli o
(19RY) ., Morgan (1970), and Krawczynski (1978) were unﬁsahle

e autee ~f tranelatimn difficulties.

A Frazer (1910)

The worlk nf FTrazer was, for the most part. concerned
with the early deye]opment 6( the larynx Ffor 2 detailed
study of the reintarpretaion of the origin and ;atlv
deve lopment af the regpiratary primérdium, trachea and
esphagus the reader is refered ta Zaw Tun (10821 The worl
Al Ty Aazer  ine luded ~ight =pecimene (& Omm | 6 Gmen 7 Qn

v

2 Hmm

] n

Dm , 16 Omm. . 22 O . and B e ) He made

thi ea wavy 1 a@acengtrur tione that pcutain to thia etudy at

-

1Amm { fweeke) . 22mm. (Bweeks! and IQmm [ Queal a)
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 The Laryngeai'Carfilage o - L
In'thé'WGmm. specimqp only the body of the hyoid waslin
thé'bﬁééhdﬁdkalzstage. A11‘fhe laryngeal cartilages were in
.’a‘cbﬁdensed heSenchyme state.AThe cr!cpid and arytenoid
“fanﬂhgesvwererpntiﬁUous'and the fh&ro{d concentration was o
iéontfﬁuous withvthé:gneater horn'of.the hyoid.
) .By 22mh,r.éhondrificat16n whs seen ventrally uniting
the']amiaae of the cridoid(%abtilage,giving it a U-shaped )
appearance. Th arytenéid'gﬁlagés had not.changed‘frém the
deﬁsé mesenchfma] state'séen in. the previous rgconstruction /%
R o) éh@'hdf%fféj?f ton centers, & ddrsal and a veptrg). werg .
present in each half of the thyroid primond jum. Each thyroid . v
éla'(fhé’Veht?af-6h6hdri?jéa€?§ﬁ¢'Was.bonvex~external1y with |
" th Véhtbéﬁvbordéﬁ:fUﬁhéd in. Tﬁé two alar were furtﬂer
Sépa}étéd ?hOQé fhaﬁ Hm16@ éﬁd héd not as yel fuged
fontraily. | ; [
Incﬂ?fimn cricnid anlage had qr own enor v’lw‘llsly QUf nf
pPropertion in relation to the other larvr'\goaT cartilages an-
was 1elatively complete except fbr a narrowed ventral
junctisn. The arytenoid primordia had begun chondrific-tion
pxcapt at theip infericor marq{n fvemal nvwfoq“oc) The
tbvvmi car tilage had inereaged in length and breadth Thy~
inferidt thyrotd harn had made ~ontact with the cricnid )
an]ado and the alae wei e fﬁqed in the ventral midlinnlovcpr'

at the cranial margin., The inferint thyroid thuberc lee wer e

distinet. ' ce e



To summarize the above, the cricoid anlqag'was first
discernable at six weeks' and by seven weeks each half of the
cricoid had‘;hondriFied bé]ow and in front. The two Ha]Qes
weré united ventrally by a thin cthdrified brﬁdge'of
tissuéj Ry e{ght weeks the chondrifiCation of the cricoid
was rélatively complete. After?preﬁénting_data that revealed
the early cricoid devéloping in a unilateral U-shaped manner
from before backwards, Frazer (1910) cOntfadictéd himself by
stating "the commencement of the cricoid-is evidently
bi]atevai“ (p183) '

The arytendid ahlage was at first 1arger/than the
cricoid*ghlqge_but'remained_deﬁse mesenchyme ahd.grgw littie
during the seventh week. By the eighth week éhdhdriFic$§{on
had progressed throughout the, arytenoid, except at the vocal
pro¢e;qes. Nd joint cavities were progenf between the
arytennide anvd ericoid at bheye ctaqe Thae v b pape cenee o)
ot s henvlr Sy umbal thie thvir ol e b b

The H\vv:r\id forme Filaterally with the twe
chondtifi-ation centers per side that meet at the thyroid
foramina razer (1910) gtatoec that the c*rﬁwiriﬁ"-?'ion
heagan by the end ~f the 50t menth
I nrangeal Mus~ulatrre ,

N -

Frazer (1010) deccr ihed the ~rigin and Adave lopment o
the it ingic mug-rlaty » ~! the laryny freom an inner and
it esr coymam b i b lay ot At Town twer diaetine t Tay e wer e

formdd strronmding the fifth ar~h mage tapt onldy an ihner

lavet aurroimnded the faurth ar ol mage Thig inner oirciglag



1ayer.was surrounded by an ouﬁer circular ]ayé(. He noted
the difficulty in following the details,o%;thé

transformation of these."constrictors".bdt stated:thé QQt¢; vi,
“eonsiréctor gave bfse to the cricothyroid musc les and the-
1nne; Cdnstrict0ntgavé rise W the,remaining.fntringic~-~v

musculature.

B. Lisser(1911)

The work of Lisser (1Q11) cohcpnfratéd‘oh the
development of cartilage, muséles and nerves in six
A;Sbééiﬁéngf;HBWeyér onTy four specimens were described .. :
(10, 5mm, , 1?.55m., 16.0mm. .and 20 Omm. ). ThéitWO specimens
not described [ 14.0mm. and 19.5mm.) were very similar to the
12.5mm. and the QO,lOtm\. specimens r"fm.:pécfivgl\, and therefara

. 5~
lisser falt no need. beyond stating theiv gimilgrity. tr
include them in hie desnripf‘bn.

Tn fhe 10 Bmm  specimen tha laryngeal akeletsn war
purely rignle,p, mecencyme hut the anlages af the cltelntal
components were discernihle The ¢ricoid presented itself as
.a.sihglekventbal'hass'deStined to become the ventral arvns:
LiSsé? (1911)_h6te5:tﬁé} ét nO time'did he see the cricaid
composed of }wd lateral Halves not‘jginéa ventrally
Kn1lius’ w~rk (1RQ8) a1s6 staterl that chondritication wrs
initigted in the sentral arecnn The ary tensid i il";(‘]"li"‘ YIS
fdefinite maetpe guper ion ter the e dcoid  The thyroid >

~opeictel sfa magapnchymal Tl dechee mags  vithopt signe of

R R BT tar P e e h(qy\s
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Lissér:(191ﬂ)'described thfee muscle masses at this
bstgge. An iso]ated‘poéfériob cricoaryienoid, 3
thyréarvfenoid/1atéra1 6ricoaryténoid mass, and a
cricothyroid. The presence of any arytenoid muscle mass was
doubtful at this stage .and thare.wds-no sigm of the
hﬁyépiglétticﬁs-muche.:There Qas‘a/slight continuity
between the fibers bf'thg¢jdner‘1aryngeé[-andhoutef
pharyngeal 6aséeé.ﬂt{gseﬁ.(19{i) felt this continuity was
areatly ovefemphasized in the litarature.

The Taryngeal skeleton at 12.5mm. was still in 3

D'ecartilaginous cstate., The cricoid abnéarénéed similar to
that fouv\d i—rw ‘fhe 10.5mm.‘sp9;.imen but was’ at a fur ther
advanced stage of condensation than that found in the
thyrnid;anlaée. The arvtencid anlage was apparant, distinet
and had an oval shape. Except for tHe addition of the
csirer ior and inferior haoro rgdimanteae the thvoeind e =imi o
' tha 10 Bmn. condit inn

The misclee in the 12 Rom. embryn were similar to the
above although slightly mote digtinct, | icamr nated the
first appearance of tha trancverce arytenoid muscles arl
%fa‘thd a3 partial r*mnvm;" P wifh that of the r‘\('_"gtmv ir
e r‘)larv'onr\‘id mis( le

The la.yugéél gb=leton ~f the 16mm. amhrys was
precear tilaninesie bt initial eigne of choendr ificating weor e
= idart iy the hymio The cr icaid anlage had grown fur ther

i redatico paapeprtion to Y\p thyroid whicrh made it the meoeat

prominent of the laryngesl s»ol@'al components dur ing the
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precartilage stage. The arytenoid anlages appeared not to
have;maae any changes over that of the 12.5mm. condition
.T%e arytenoids seé;;d to be the slowest of the laryngeal
ske]etat'componenté to develop. THe two portions of each
hatf of fthe thyroia had fised arotind the thyroid foramen but
tew changes hadi}aken place’oQér:the pvcvﬁoué conditing

fho muscles of ?'t.hé 1.6.. Omv{ s;wecimon were further
distinguié%ed than in the p}evious stateé The cricothyreid,
posterinr cr icoarytenoid. and the transverse arytenoid
.muécles were_definjtely isolated. Thé Tateralxcricothyrojd
anit the rhyroary}enoid were és distinct as they wonlid apprar
in the adult.

Ry the onset of the 20.0mm. stage. the laryngeal
skkeleton wan hogiﬁﬁing to chendy ify The Jateral portinne
the o i~mnidd were éavfilng‘nouq but the ventral arcus
connecting these por tions remained precar tilage, The
Aty tennirds remained precartilaginpﬁq and. with the ° cept inn
i the miiecgias prmceéso%. ;“9 shn{o wnag approaching the
adii 1t conditinn. The thyroid alae were united ventrally by
rondensad mesenchyma. The 9uperir£'h“FhJerp Sant inudliis with
the gvea'ér cornua »f the h;nid hy a n@senbh;mal booidge and
the infer i horn was greatly exaqgerated in size,

.Ry the 20 "mm  stage all the musc les were cleary
differentiantec Tt must he emphagijzed that 1| icaar (1011) i

not “deger ihe the vocalis and he atated the arvepigl-tticns
4/

at this stage was not definitely isolated from the

intaprarvtenoid mitecte Thereafore hig 1efermance ten gl thin
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muscles excluded the vocalis and the aryepiglotticus, which
is = coﬁtinuation of .fhe oblique arytennid musé]e. e

Ns pointed out earlier |isser (1911) contended too much
emphacis had been plared on the early appearanée of an inner
and outer muscle mass and the latter differentiatinn »f Tgé
laryngeal musculature. In his discussion he noted
AhSarvafihHs of a frontally sectioned 19.5mm. embryo that
sheds light on this nroblem. The inner constrictor
(enhin~ter laryngrus) does not have a hgrizontal dite-tion
teo “te fibers but rather 3 frontal directing ta the [ itier

Lieaar (19110 inforp;efﬁd the laryngeal muscle
deve Inpment acs congisting of grovps ~f muscles that ‘'ater
differentigte. Ry ctage IR f“”r muscle groups wer e
dierernahle (o1 icnthyreid, postar ior cricoarytennid
thyrocrjengrytenaid, and the intergrytencid masces) g b,
stane 21 the thyraer icoary 'z2nmicd mace odiffaprentiat >l i1

"

’.'\c "\.v'f\hr\‘("*w'-i(J o bhaes Yater A1 :-.' i;”‘\f"vtr'l b |

C Hest (1970. 1972)

Thé warle of Hast (107(0) was for the most part a review
A the |it5:ntuvn‘ He did nt reconstruct any Specimans'gu' /
he did make abservatinng of the development of the muee oo
(1a71) and cartilages (1970) from cerial se~tions

The first intringic migele te develorn  accerding to ’
Haet 11Q7N 19 21 wre the interar ytennid whi Y wng
dizecernahlie at aby ot Qewn Gl bty theresafter  ths poster i

‘

v e p e i/' A TP o Y S Y I e e Valerad



rricoaryfqnoid'anlages_are apparent at about 11mm3,'whereas.
by 13mm. both the cricothyroid and thyro§ryteﬁoid primordié
can be recognized. Hast (1970f”1972) aéreedlwith Frazer
(1910) on the derivation of the intrinsic laryngeal

musculature from an inner and outer “constrictor". He

further contaended that the downgrowth of the inferionr horn

of tha thyr~id gepa'rater the o~uter constrictor into an

anter ior 1 tion (the o foathyraid) and a posterior portion

the infer int pharyngeal crnstr iator) .
7
Hast (1070) went inte mue detail where the cartilages

of the larvny were condsrned. He ctaterd that the thypraid oo

~1icoid anlages appeared at about five weekts hut that

chondrification did n~t crovnence unt il t'ho end of the

-
seventh week, 1te agrytenoid anlages bepan chondrification !

the beqining of the third menth i the voral procesa=s aned

the development wa« - copleted in the voral procecgéds  The
corniaulate cartilage=s bagan chondrifi-~ation towards the !
of the third month whereas the erigl tti- =ned - ymeiform

anlager~ began chondrifigati-r in 1o 00 ol

IV TER RN

wnthe ragpectively. .

<
Haant (1Q70) divided thae f*l'm'olnf»mp-n} S the 'aryngeal

alc~te b o it fapr ttages the ||boqe"(~\'\y"‘a] ctane (ambry =

O {Caee the o~t 1y b' “echondgr al rtage (et e 1K DKy

Fhve rr oy hopetr a1 et (cr\m/“i nenve DR STayn b qanyd F o by b

A lagire e mtagr Cfetiees BRmn o)
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pmeseqchymal stage (4-6mm. ), the inner and outer.
“constrictor" stage (7-9mmJ)f the early muscular

' d1fferent1at1on -stage (10-12.5mm.), and the stages in which
the laryngeal muscles differentiate; four (13-15mm.), flve

(16-18mm.), and six (19-23mm.). "

D. Mu11§?7‘5.; 0 Rahilly, R., and J.A. Tucker (1981) - .
The work of Muller et al. (1981) ‘had two ijectives.
,The first was to study the laryngeal musculature and 1ts
'1nnervat1on at the-end of the embryonlc per iod proper
.because the development is still uncertain. The-second was
to explore the degree of var1at1on that ex1sted n the
laryngeal musculature dur1ng the eighth week of embryon1c
development . Six spec1mens of the eight week per1od '

(27-32mmCR) were s\udled and of those five were

reconstructed. e )
/' =

During the erd of the embryonlc period proper the
cricoid cohsisted ~f an arch and two laminae that formed a
continuous ring of cartilage. There werempo synovial
cavities present at this stage. The muscular processes of
the arytehoids were cartilaginous but the vocal processes
were mesenchyme. The thyroid consisted of two cartilaginous
laminae continuous veintrally by a mesenchymal brjdge. The
superier horns may or may not have been continuous with the
laminae and the inferior horné were varlable in size among

the six specimens. The oblique line denot1ng the gttﬂchment

Tid

a

of the sternothyro1d and the’ thyrohy01d was present



the corniculate nor the cuneiform:cartilages were apparent.
It was noted that in two‘of the six specimens a twig

from the- external 1aryngea] nerve passed through the thyr01d

5 N

'foramen but no blood gessels accompan1ed this nmerve. The
L.

authors sfated that. th1s nerve probab]y anastomoses w1tn“the
/ p
anterior branch of the 1nfer1or 1aryngea1 nerve. 7y *

The muscles that were well distinguished at the end‘of
the embryonic period proper inc]uded,kthe cricothyroid, '
posterior and lateral'ericoanytenoid. and the | .
thyrbarytenoid; The aryepig]ottic muscle hed not yet formeq
but the vocalis was beginning to differen{iete.'Although-the
oblique arytenoid muscles were not mentioned in their
discussion it /is assumed that if the aryepigloft%c muscles
were present then the oblique arytenqgid-muscles must be alen
because of their continuity. The fransverse eryfendfﬁ
muscles were present. |

In their discussion the authors point out that the
laryngeal skeleton required importanf.modifihafinns in
position, shape and relationships to attain the adult form
They also stated tght variation within the same age class
definitely evisted The ariation noted in this study most
be emphacived hecance it lends teo the evprlanation of
var iahle timeg noted_with 1eapect to the ectablighment ~f =2

pas bt o alae ddayelopmental strycture.

-

£

L
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The following material represents the results of the

present study. The development of the laryngeal skeleton

will be presented, followed by the development of the

laryngeal musalRlature. These in turn will be followed by thea

... digscyssion. |



IV. Development of Laﬁyngeai CarfﬂaQe
Primit te the onset of laryngeal chondr ification, the
skkeleton can ke vaguely recngnized as dense mpse;\(t}\yme o
pvﬁcar{ilago The thyroid anlage was dis~ernable at

12 .5mm. (SH43) as dense mesenchyme and by 14 3mm. {SHiT) the

- [

- b

ventral arcus Of'fhé cricnid was dense mesenchyme. "t

17 Bmm. (SHRNO) the hody of thé hysid was prochondreal and hnt'
the thyroid and =1 iecAid had nhtained a precartilage stotus
It was not until the 20mm. stage ~f development (GHSTH 11

the aryten-id =1 imperdia o eacntod themeel 2e anr deones

meaanch,me o b o eapr b Lo oAl by thiie Vi e T
bhyr ~id and o ‘ hy . o ,
2 ~ b nf’\'v-v-v»‘

AR 17 Ry
The ear Vieat ~ig =~ ~hapebh i1 ation in the lar vogoal

gl letens wnaa o

cer el i thiia ~mhey o The precartilaginoge
thyro id anlage was renr~sented by twe paired s~gment= on
Fvath the 1 ight “yyed j ft ~idea ~f thp la' yng al limpear: "hoan

it el cogmente wer e the Supet Pevti Lo andl laminae of the

thay o il The cuper ien h(_;\.w‘n‘; (Clate BAY wepe vowd aboaqaot it
little deapt!h The thwr i ltaminng: (Diate AR e
penr ~haped from abev e and "apo' inf=rim Iy v~ odge
b Nyair there cagm nte had Tittle dopth

The 0 i-midd arrlage van bear | dim i yibile i late 0 Ae

i
et l\ [y ar 'i]?\(]@ Thyi - was troge oof all ~ec tinne """'-";";"Q

the ~1 ienid poroimeg odigm Thet e wae 1w ~ ddeane s for the

2R
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pnoéhondfb],statewand na.other 1arvnqea1-ca%fiLaQeS were

1
dicrernahlle. !
]

B. SH83 18.0mm. "

The development of the laryngesl skeleton had mgpén'

1 NN TR KU SRS W ST
litt ke acdvancement over that oFf SHRO. The supsricr hﬂshs,and :

N \ y
laminae of the thyroid primordium were basically the s%m% as
observerd in the prereeding specimen (Plates 7C and RA) ' The
criceid :niaqn (Pla‘oé RC) was mwore digtinct v in

apterartilage atage ot Aevalnt me -t e e wan v eviden: ¢

Q“ﬂO‘?.‘"i"Q tl‘ﬂt t"'T [ v aed s e o D - Yo [

P coar b i bage o te

IR " O
The aar "ieet gtoge ' s=20 to 1 ~conetiget the laryngeal

alre Ve bespy wn - thyat o THER At ugi\ cetalogued as |R B

thic embrve by covmpar jean with othar arprsjmeng  was e lemeor

tex bty D0 et an= f (1f-vp|(\p|\nov\f Mare wil! he ment joned

[

ahenit thin ‘opie in the disrussion At this stage hoth the

)

thvroic and ¢ icani! anlanee bhiad bhagim teo chandr i fy l=ar 1y

g

v eyt 1l s tage . Plate 10R) The ar vt =ni-irl pv'i'rvor"d‘= wet e

[—_ Ve [ ] [ e v vabvle ne PRI BN ,‘.,...,;:|,,-.’, [ B EPIE
R

Ita thyr i A lTane r:»"'i".to(’i of Hear eeamenntea  ten "
cither ~idde o f the 0 jonid The auper jeov harna wer e

continuege throngh 2 mecepnchymal hr ivige vijth the oreater

- ~

coarma of the hyeid ang noseitionad ,nnhnl]y nver the



S , »
thyroid laminae. :-Fhe laminae were situated vehtraW;.latehal,
and somewhat cranial to the cricoid. Each lamina from a
superior view was somewhat éoncaQe and tfiaﬁgular in éhape
with the ape% of fhe triahgle slanted medially.

The cricoid anlage was a single U-shéped ventFale. }

jTEJOﬁTﬁg:maSSTéﬂtiréjﬁng"thé,antegfof_hqkf'oflthgf]aryngeab

Tumen . F}om an anterior view the uppermost horder of the
cricoid was adjacent to the midpoint of fhe thyroid laminae.
From a lateral view the mogt anterior portion of the cricoid
was suhadiacent 'o the thyroid laminae m}dooint,and tha
procter iar marait entanded F)m\"‘vvwv' the thvrevin 1:\min'ar=
N 21g4 22 Kmm

Ry this stnge of development bhativ the cricaid and
f'»\vni".{ anln"qac: were te ‘E»o congideér ed in the proc}lw\ndi‘ai;
ctate The vontral nvz'\'.c: o the crdeanid (DMiate 1230C) wag wel |
Aeveloped at the anterior and most inferinr margin of. the
crirnid. ihe arytenoid pr imorgi;'a (-Plat; Hﬁﬁ‘l) wer'c; r.\hser‘vér*
for the first time as a ear ly prochondral stage ay\d: w‘l‘:re
camity fangular marges with Tittle derth, Theracfore hnfw'-"';r\
CHE L el S0 Iater preegrt P hon Y L N T AV

P Vo I e






E. SH81:23.5mm.
- Tﬁjs eﬁbﬁyd'was ﬁhé sécbnd'§peEihéh:to be "~ -
ﬂréconstructed;.BothﬁﬁBe thyroid and cricoid anlages were .

pbochondral and had doubled in size from the SH5!
reconstruction. The fusiform arytenoid én]ages were small in
comparison to the other’ components of the laryngea1 skeleton
and may be considered in an early prochondral state (Plate
19B) . Although the arytencid anlages we;e not included in
iljwsfréfi%n é o} th{cﬂohép%ev, thay wére inclnded in
itlartration 8 of the following hhapfplx

The super ior horns biad made r\nnt;ﬁnt with the thyroid
iamina5 vet a patency persicted surrounding the fusinon
point These paten~ies have been termed the h\ﬂﬂ»id foraminm
in the literatine [rom a lateral view the c&varinv brerr g
wer e comewhat cranial to the uppermost margin ~f the |wyoil
greater - minua »md the iv\fé' int border f the laminan lay
adia:'ent te the midpoint of the cri~eid  The laminae wore
mo1 e concave than those ceen in.\ﬂj\o previnus specimene ap!
the anter int infarior “orrer g were approaching eact: S 3 G- T
the midline The inferior hrn wnhg diecer rabhla o the 150
tima bt net very prooamioeent Thr enaprss i b o e

“riner ated in give

Although the cricaid ~nlage had Aot led in ecive ove
that ~f S tho relati e qgrowt! of the Taryoqeal Tipae ! !
hnp' pAce Threrefrie tha ventral arecoe of the oo @ il

)

nat apnear te bhiao- it e aged ite p«»f:fo, et g o byt

C(\u'r'\]ﬁfg ‘V ~tae b I Ehe Ty The eyt b ovy cdes  thye
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'cr1co1d w,as 1ocated adJacentwto fhe rmdpomt of the thyrowd.‘ :
1am1nae The most' ant r1or port1on of the CPICO‘Id (the ' -
ar‘cus) was approxwmately subad-jacent to the ‘anter 1Qr‘moet
border of the thyrmd The po.qterwor margin was

applOleate'y pa!a]h—‘il ten the [")rwttnv ior margin of the

thyroid (Plate #6R).

The arytenrid primardia were ~itualted super ior to the

'

upper‘"quf lovel oof the o dienedic ared wer e conghv by Tonditeym i

cshape |
o '
! 1ttt 26, Omm.

The ehangea wet thy of wenti-n oheger verl |0 thia  pec
are the ﬂnmménCﬁwhnt of roet v ovined T g ion acd Tho
RN R A AL hon=r o1 et ote that ' A



ILLUSTRATION 2 7 L
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v G. SH101 28.5mm.

As erpected, the size of the laryngeal skeleton had
greatly increased over that seen in SH81. However the mos*
apparent change was the threefald increase in the gize ~f
the rricaoid anlage.

? .
The thyrnid anlage had doubled in size but ithe
. i
circumfer ence of the thyroid foramina was propor tiorately
smallar Thie r1edu-tion in the circimference of the fArame':

indicated the ~nget f ite ~oeliggim;n The ecan-avity -1 th-

laminae was <lightly greater than in the e ise

reconatruction and the laminae had =~ Imo-t met in the midlin

L3

ER thedr anter o v fear Py y"'\vo;vu: The TUper iy et ng (8]

\

prreesp ticenatsly semallar than in the THRET Jacopstrast inn ot

the infe) ior by g 'ad li;gr"?wv' teo minmifiant preoy ' e ca
1 wer b der of the inficﬂ i hor s were sl i et Vi

Thevint iy g i i hedidht (ree T et al i )
The praterior g wth « f the 2 jonid anlage oot

r‘ny\r:i_‘ah]o Poogroes Cver that ~f Yhe yire §ge

racovpatr st ion and prretbter ien e ian wea well oo vlar wey

although incemyplete (FTlgtezs 204 270 a0 2N Thiae partinl
A

rocter icr fugion ot widlin~ gapz tha' wero o dear Iy e vign

iy thae v e et e Ve Aeeo v v b b oo f Yoyt [»"i’o' i roo
a,u{ ‘l-l' ;/“\ thr‘ 1 '-_' |l ;v-' } l" ' [ ")(' I ("\: i A 1y
‘v(\\/ LU O N (\1»(‘_'{'! Voo booor edesy o f thie the

cer TV e e (e St A



{he arytenoid anlages presented themselves as
crescerit shaped masses 1ocated anterior and lateral) to the
superior margin of tha cricoid anlage (FPlate 21A). Only the
mus~ular nrocecsses of the aryfﬂnmid'prinnrdia were o GodAt
The apical ~nd va al proceascsec had nat oo bhied Ve

P bestvedr all atage o chveaadbn T Fa G

Ho SHI08 40 . Omm .

Appreovimately cne weelt later in de ol rment the o je- i
and thyroid anlanges hod ‘acihled i gize W ile the Aty en i
eaimerdia had triplted i aize Tha o =ralt!l appearancs of
tar yoageal =~“elat oy at thie et-ge wae lato ey by 3t A

aciilt likke i men pl)(ﬁ]nqy with the ey ~pti o ot v ond

1 neeecas nf tht: L T YA A B TR I R KR R P | [ ol oy
o VR P I S I O
IR [ H I IR B YT TR ) S N AR by 0y frreedd anvtar jo 1y,

thao i 1) g {(Flete 27 R e the thy il s aming 0 ann i !
patant byt the wirca the wor'vilagy + the '"hyrevid vae
Aadarlt tiltve [V ~igponr 4= Al i er jor v e ag o well ac bty

Blinr e Vinpnee were o1t 400 0 oo L S PR PR PNVRPINY S U

I RSV I VY SR RVRY R R ¥ - SN A A R RS S IR B " MUK SVRR [
i ied hejgtyt - P iy Y YR IEN "
Thiee vovve tarp I N Y RN N R Y SR I Y L - ARSI T I PN
a bbb the ey e 1oy LN T TN B R mp 1T T it e e
A oo Thoe om0 Pl oA Teer bhant Cevi Ve ot [
r ' o ' LAY I I vi P ta e b et ol - !
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the superior margin of the cricoid lay in tﬂe same
hor izontal plane as the thyroid foramina.

. The muscular prdcesses of'the %rytenoid primordia har
developed to an adult I{KQ condition but the rest of the
primordia was underdeveloped (Plate 25R)  The apical
processes had begun chandrificaticon but. as one can sea
the illustrations, the prorcess is not complete (Plate 21R
and 25A) . The voral procesces were still in the denge
mecen~hyme ctage nf develnpment (Plate 2FA)  Hrowever the
rec tion af the acptane T oprime s ger s oat ot Tite T ey

AT T R { Yhyee o4 - i ) I 1



ILLUSTRATION 3
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ILLUSTRATION 4
SH105 40.0mm.CR.x75

CARTILAGE
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1. SH106 71.0mm.

The reconstruction of the laryngeal skeleton of this
fetus had doubled in siée over the previous'recdhstrucfién
‘and-wés_very‘adu1t:]ike in appearance. Chondrocytes were
recogniiébfe denoting that the chondral stage Qf.déQelopment
had been reached. The characteristics that were not
adult-like consisted of a persisting right thyroid:forameh
and underdeveloped synovial joints at the various
articulation sites.

The laminae had totally fused in the ahterior'mid1ine
;forming a single thyroid anlage (P]a}es 29, RO'gnd 31). The
thyroid,foramen haﬂ occluded on the left and all othar
charqqteristics of this cartilage were adult-like.

It was ihteréstino to note that the %yo1d was
adult- like in form bhut not in position. The hyaid 5verhunq
the thyroid at this stage and must therefore "ascend” teo
attain its adult positioﬁ. More will be said about this
topic in the discussion.

The crigoid primordium was aduitjlike»in both form and
position tFlates 32 and 33). This aspect will be reviewed
furthér in the d}scussion. Further development of the
synovial joints and‘growth were the only reaquirements needed
to complete its deYelopment.

| The arytenoid anlages Qere adult:- 1ike in shape and
position (Plates 29, 30, aﬁd 31). Synovial joint formation
wagﬁnoted (P}ateg 32 and 33) and .therefore only growth and

joint comp]étion were required to bring about its adulft
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condition. It should now be-abparent'that growth, occlusion
of the thyroid foramen, and formation of the various joint
capsules are the remaining siagesrneceSé;ry in the

deve lopment of the laryngeal sKkeleton. -

J. SH108" 110.0mm. o
‘The laryngeal skeleton of this fetus did not show any
advanced mohpho]ogica]’chéracteristics, with the exception
of jaint devé]oémeﬁt, over the previous reconstruction
(Plates 34_énd 35). The syﬁovial joint cavities were
apparent but the thickness of tissue section in both SH106
and SH10R prevented detailed observation of the et
of these diarthrodial jointe and therafnre forth
digrugssion is not waprranted
The outcome of this reconstruction was net

satisfactory. Numerots sections wete either lagt o
misplaced within the cer ieg and, as stated id;;ha me t !
any incomplefonec¢ in the serial sectionrc will?skew the
raconstruction ac was the case here Tﬂ” majce fault
apparent in this raconstryction was the quper ior-infer iov
compression owing to miesing sectinne The reanlt wage an
tinderdeve loped thyr oid hpight and Jaclkk o~f robuygstnees onf the
wieatlar prnresens of the arytenoid primordia  Despit~ the
inadequacies the "Wdf.l ac a whnle was quite wrefg! in tha!
it tevealed little (;o\/elop«|)ol\fnl advance over the aHit0C
tecangtriction, Therefare, the l1arynaeal claleton wae

R

adinlt J1ikke in shape prior to 110 Own Thie ecpacimen wae mare



useful for the following investigations of muscle

deve lopment .
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V. Development of the Intrinsic Laryngeal Musculature

As previous]y mentioned in the literature review some
authors (Frazer, 1910 and Hast, 1970) contended that the
intrinsic laryngeal musculature arose from two circolar
mesodaermal C(Wr\rorx}v:;tinl\s {reminigcent of that seen in
fishes) The following observations that pertain to thire
topic were interpretaticrng from pbotrgranhe of the
larynqnpharvnx prine o the diflferentingtinpg of the vl inveie
laryngeal micles

IThe ear lieat sign nf a mesodermal conceantration
adjacent to the laryngnopharyn wae nnted in a3 4 75mm  emhrye
(Pla?e 1) Thies conrontvatian became inereacingly dense and
then separated into two concantrations (SH28, Plate D) The
innear Cohcmnt'atih“ inrcreacged ite denaity ﬁn'il at moe peint
the macele anlages ecniild he ident il ied 'Thie wasg the case in
the 1Timm (SHAT T late ) apecimen where the interarvtensid
posteria o1 icoarytennid,  and the thyroarytenoid primordia
were ju the preémyohlastic cstage of developménf'. By 12 Hrwm
(SHA?) the pre ionsly mentioned pr imordia remained in the
eame stage but now the aricthyve oiq aplage could also he
1'1aced in this grodping.

At o timo in the gtidy nurld the innev-condengatinn he
~heervert diffarentigting into » constrictor layer similar to
that of the ~iter cangt icton The term  conat ietey
il jes funetion and therefore 1 wil]" rtefer t- thege magses
ac "corviengat iang’ Nesnethelerrs thiae condencat ion deoes give

rine bty et b the vk yjngis lar anea] magrcagta bt e thie

45
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exception being the cricothyroid. More will he mentirned o

1

this topir in the discusc<ion.

A SHBO 17.5mm  and SHB3 18 Omm.

The earliest observable sign nf the myohlastic stage f
muscle development anpeared in these spec imens The innerp
mesndermal condensation was a bilateral cnlumn parallieling
the taryngeal Timen from 'the level af the internal larynges=!
to the inferior ]a'vrige‘gl nerves. JTheca two columng were
hridded euppviﬂrlv by the interarytennid nvimévdium (Plate
BR) . The nuterr megndermal condensation was the conrtinust i
nf the infer i1 pharyngeal wﬂn"ffihfhv (PI~te RB) thiat
develops inte the ~ricothyr ~id myscle Tte arytenéid
primardia had ontained myohlactic st~tus at 17 Bnme (g
whereaes the poater inng cricoaryt et primardia e i3
tranaitinn from the ppemy- bhlast o “vg mye st gtang [
Proimer Jin eeer in THATY o S O I P - . Vye -

f-“ah'l\, TV A R I IO |

B SH&E! 20mm.
Ae pr evicugly mentioned. thig sraeciman althongh
ratalagued gg 165 Sy wasa, by compar 3::;\'\ with vthien

)
. .
epecimens . probabhly closer to 20mm  anl was cone idered n

cire by iy thig gtudy The l‘f-‘-f"\"f:"|lf"i(\ly\ Af thia epocrimen
tesmgled the martial eceparation of thee i othyraid anlao
from that 6 tha frv-r myscul™r mase Thia win = trovely

ivkuq'f\-\‘ N 'I\7y| vt e e Vet /,,y‘|;,~’|,it\- EY R R YR T B PN
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The TransVersely nriented fiberae of t
(Plates QD and 104) were contimisus with
pha' yngeal f‘dl\;fr it and v re attached t

el thyreid anlage-

he ~ricothyrnid
he infer io
o bty the 03 .

Eota

At this stage the inner cen "‘ﬂn'@vatif&r*hkisvtad af o

»

UndiT‘hfenfi%?@" maece (~Ttheoghy joAdiyidggl
Jikerer nanla) of 21] the v'ngi"i'vq ooty invgy
lTay ynv Th- 'vus‘/ob]astiié intergr _ten~id anla
infer iar by wiH'\ t;\c\ myob last ic pagteriog

roimeer iz "D late QR which T ac cont ipnnoc

Y.
anter i 1y with the thyo o te ¢V npageg (I

Revth the thyreacyte o7 20 i LAY A
tranae " ti oy fy oo the v i Y
) ‘;', ’ s P 1 '

A TD Rmm
Ve e e il sty e o f THIOQY (un vy whint
af SHE Y bt o wae =N cigila: t QHIO ”\g

anloge 1P lates t1A and HIRY wag diet ing' 1y

v imordia were

~ mustles of the
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D SH81 23.5mm.

Ry this stage the interarytenoid myscles ha'l

diﬂff’?"?htiat“d ot from the innar conylomeration (liate 1.

as a dietict and :r;y‘mv'afo ent ity The rapnind arowth of ' =
cricreid and thyrojd cartilagees had initigted the qopsr 0w
pf the prgter iva <r icaog:s \t"”(‘id nrim - ,4‘; from the
thypearvienaid nrimrdia (Plate 15R) . 1} '-’vg:; wag no evirl o
i the Filferotialticuay nf the 'at-ral R VRN TR B
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FSH101 28 Smm.
The muscles of this specimen were again clascifiod a-
interayrtencid primordite

)

late mycblastic, The transverce
was quite distinet (Plates 200, 20R and 21A) hut. the
Shlinie fiter- were nat ~ic ernahle at this ctage The
qop:'a'nfi"n ~f the Pposter iny o1 irnge y'f*nnid H\vloaryt'-‘n(\i"
mace was almnet ~omplete (Mlateg 91h, 279N, and "92R) Tha
apparent comner tian cae in Plateg 224 o 2P ic fenr l’.hf‘
moat part . the dnfer joo layng=al necr ve The 1 ien't ypaid
anlagens ha'l ynder ~mme 1 they cena ction frem thoe inTer §o
P'-‘\v \"Qr;;\l AL A Rl SN T IVOCY R O G IERTE S S mer vl P ovr e o
e dde ce e v b T e ) !
/ R v, . '
" THIO08 A0 Owry
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a”d QhaD@. Ihp (‘,Ficothyroid mire~le and the ;”Ferior\

pharyrges] constricter were distinguishable as seperpte

@r b G (igrte nOp Thm v mlig b ke b i FS .



ILLUSTRATION 9
SH101 28.5mm.CR.x75 .
CARTILAGE AND MUSCLE

POSTERIOR VIEW



ILLUSTRATION 10
SH105 40.0mm.CR.x75
CARTILAGE AND MUSCLE

LEFT LATERAL VIEW

i

INFERIOR pOSTERIOR/VYE; B



55

H. SH106 71.0mm.
The muscle fibers of.this 71.0mm. specimen were. with
few-excepiions,‘quite distinét and adu]t—]ike and shotld be

considered .in the late myotube stage of myogenes1s The

' transverse aryteno1d muscle was well developed but requxred

- grewth to attahw‘!he adult condition (Plates 30A, 30B. and

31A). The oblique arytenoid fibers were beginning to
differentiate from the'trahsverse fibers but were n+t as yet
distinct (Plate 30B). The thyroarytenoid (Plate 314,
posterion,cr%coarytenoid and themcricothyroid (Plate 32R)
muscles appeared adult-like in shape and pos1t1QC The
lateral cr1coarytenn1d (Plates 32A and 32R ) yAs basically

adult-like in sRape and position The vocalis primordia had

bQBQV\ their 1"‘iffﬁr~pv-.0'§q'§:u\ fv-wny the 'hy'\n—.n \'Yovw\id (p]ate/

RUR)

T. shig8 110.O0mm.

I o’

The muscle fibers were definitely in the late myotube

"
stage and gross morphologyeif this specimen was more N
distinct than that of SH106® Some notable changes however

wer e apparent over fhp SH10/ spéq?mcnv The continuation nf

the aryepiglottic musc les was traced to that of the ob!linaue

arytennid fibers (Plate 31A and R4B)  The cricothytoid

musc lee had asgumed a more anter ior position and the vnealic
AS

muscle (Mlate ?’"wR\ was distinct. The remaining intrinsic

musclilatiin e had not changed appreciably ennough te warcant

further (Hg.(*nFCiﬁlL -

|

/
’

k]




ILLUSTRATION 11

Sm 71.0mm.CR.x25

CARTILAGE AND MUSCLE
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ILLUSTRATION 12
SH108 110.0mm.CR.x30
CARTILAGE AND MUSCLE

L]
»
:
-
\
.'"




-(\

VI. Summary of Laryngeal Development ¢

The following is a concise summary of information from

a
both the literature review and from my study. A1l of my // \
/(/

findings will be denoted with an asterisk.

A single pharyngeal mesodermal condensation surrounded
the laryngopharynx at 4.75mm. (*). Shortly thereafter the
sinale pHaryngeal condensation differentiated into an {nner
and an outer condensation that became more distinct as time
proceeded (5.0mm., Frazer, 1910; 6.6mm., Frazer., 1910
7 Omm.. (¥) & Frazer, 1910: 8.5mm., [(+) & Frazer, 1910)

The %ntevaryténoid pniMOrdium was discerned,at 9. 0mm.
(Hast., 1970). The posterior criooarytenoiq primordia fHast,
1970; | isger, 1911) and the thyroérytenbﬁé”prinrwdia
(l igsser, 1911) were discernahle at 10 fmm. The premyoblasti~
state of the interarytenoid, postet inr aricrarytenoid and
tho.thyroafvfﬁnoid were diccerned by me at 1 Omm. (+}  The
premyohlastic aricothyroid primnrdial:) and the dense
mesenchymal stage of the four segments of the thyroi- anl-qg-
({») & Lisser, 1011) were discernable at 17 .5mm The
prosnnhé nf the ~ricothyroid and thyroarvtennid pr%nr"din
wet e confirmed at 13, 0mm, (Hast, 1970).

The ventral arciis of the cricoid anlage was dense
macanchyme At 14 3mm. (*) At 16 . O0mm. an apparent continuity
~f the megenchymal et ireid and avy'on;3d anlages wera nnted
theazer . 10100

The four segments of the thyreid aﬁlage and the ventral

at e af the oriceid anlage were v craptilage at 17 T ognd

~8

Bhloaocini e bk
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18.0mm. (*). At the same time, the interarytenoid primordium
was myoblastic, the posterior crfcoarytenojd primordia were
in a transition hetween the premyoblastic and myoblastic
stage and all cheﬁ muscle primofdia were prémYoblastic. The
U-shaped cricoid pn]ége and the four segments of the thyroid

were prochondral whereas the arytenoid primordia were
A

precartilage at 20.0mm.{*), The thyroarytenoid qhd
cricothyroid primordia were in a transition from the

premyoblastic to the myoblastic state of myogenesis at

20.0mm. (¥) . The superior horns of the thvroid anlage were

heginning to fuse with the JTaminae at 22 0mnm (Fyazer,

1910,

At 22.5mm. the arytenoid primordia achieved a
prochondral etatus and both the thyroarytennid and the
.Plihﬁ'herid primordia were myoblastic (*) . TQ@%inf?liﬁ'
horne of the thyroid were diecernable as drwngrowths feorm
the anper inr f\&\rnc and cuper int horn lami;mo fusion wer -
neted at ??.SW#S(*\ . Postericr chapdrification of the
cricnid anjage was heginning at 26 ”"ﬁ' (+) . At the came
time, all the ml_l%("é primordia were digtinect bt eceparat ion
fresm the inner muscle mass had ﬁﬁt begun (+)

Between 27 and 3an. the thyroid laminae were about to

meet ventrally and the thyroid foramina were begipning te

2

acc lude () The musclular processeg ~f the arytannid 7

primordia were discernaghle and the rricoid was relatively

compleote (Muller et al | 1OR1) . The voralis miscle wae feur

the firet time, diecrerned (Mpllap ot a1l | 1QR1}

St sin

AR LT
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At 35.0mm. the cricoid primordium was re]ativé]y
coﬁblete and the vocal processes of the arytenoid primordié
were mesencﬁwwi (Frazer, 1910).

z B; 40 . Omm. postefior chondrification of the cricoid was
complete and the thyroid laminae were partly fused in the
anterior midline (*). The apical processes of the arytennid
primordia were distinct and the vocal processes of the
arytenoid prinfmdia were precartilage (*). The oblique
arytenoid and the vocalis muscles were discernahle. and the
remaining muscles began to separate (+!. Tnitial de.elopme:!
~f the synovial joints were noticed at A0 . Omm. (*),

The skelpfon was chondral and the muscles were at ti+
myofube stage of myogenesis'at_71.0nn? (*)  The anterior
midliﬁe'fusion'of the thyroid was complete and hqth the=

cricrmnid and the arvtencid primordina wWer e 3‘4.“;;["{ “Vike o

Y
Farly f~rmat imny af the oy ial jeint o it ieg W

diacearnable at 710 Omm  (4)

The abhligue arytenonid miscleg wa'e rontinuous with the
avyop’iql'\tf‘; mrgrles and the vocalis primordia were
Aietinet by 110 Omm  (+)  The synovial joint cavities seemed
fur ther developed bt the thickness of tissue sections
preventad detailcd At aie of the nrnvagq nf o joint

formation.



VIT. Dienusaion

A Discrepancies of Specimens in the Collection

As previously ment ioner ?H the results, SH51 had the

appearance ~f heing a later developmental stage than was

catalogued. Thie sperimen reprasents a later developmental

stage 'han both SHRO (17 Smm.) aod SHB” (18.0mm.) but was
~

not as advanced as SHAA 1929 By ) The cataloging error

noted here. again,~mak99 me stress the caution that must be
incorper tted into an interpretation of the developmental |

ngge o f an amb \Via) hagpr‘l Qf‘la‘\/ I elaly itg eize This error )

can moet likely br attr ibuted tn an oYaggP'ﬂt‘?d cervical o
A}
. ~
lombar flaxyre in the embryn  Thie evgaggeratinn would sleow

the CP mensin ement takern prior t se tioning T avoird !

CO('\f”;:ir\n iy the fyture Q':‘qi"c tha ombr yee nf the P 7
Staner =l l=ctisn in a manner f-llowing that deyel o1
Pabvi by (10T eyt Y e uygefu! (see helew)

Another a1 ea nf ‘na ~nary noted in thig ~tud. 101 tee

- the incenmpleterere nf the SHINY ge tinning Hot only wa-s

it ieamplefe buit the cwder ing of the sactione was nlen in

many places ine~rrect  Recaues g numher of rectinne ware

g
F 4

migeing from thie o1 ida, the receonstuction was compressed

in a siper i inferior direction. This compression skewer .
the rencaption of the reconatruction Nonethslera the g
~voarall mev [‘\’|('\]6(_]\, Q,’\il\m(i by the aconectproct ion Ayt ! i‘:
7

1 llé

little develormental advar—~e pver that of SHIOOC T4 E

‘V?‘"““Ied 1ta vime Vm niiea HE (ianyq\—;Qv ~ bl byt the

A1




Aeselopmenta® i ocmes wag pelnti w1v complete at 71 Nme
\

R Staging Svstems

Staging of human embryrs was developed hv Mall and
later expanded by Streeter into developmental “Hor izone
(0 Rabilly, 1979). Recently, this svstem has been revised by
0" Rahilly and was renamed the Carnegie Staging System. The
system nf ~taging hages ite foundationg on the mnv‘pholngihql
ctote f a developing embiery~ and nat \;(‘sdn size ~1 age Ao~
ie nmt g acpirate meang f fegeg ihing the developmental
state of an embr v brrajpee deelopmrantal states of
indjviduals frem ths game age - lass cniild be either aduancs
~toretarded (0'Rahiltly 107Q) Si-e ic al1dn not an ~eccnat:
menne nf descrilting d‘:’ elopment!al state hergluge the Asagr - oy
of cervical apd Tombhar flevicon 2 ice from gps imen to
apar Pnary oy Aty themp o fov almin Tho W ”'""(‘ e m e et
thife tinataly thie syetem <0 apg 0! I N I Ce i

oo PR et arlatory weolie!
\

Vi it boe g ' ogt oo my et
C Cartilage '~ o lrpment
Cricrid

e area nf controyerry i the literatyre coveeerpie
the Ta' yngeal skeletnn waa the o valopment of the 0§, 30!
frazsr (1710) aontended that the o jecid tnder t-Kes a
hilate 1 mode oF des/elorm -t 'da,el pmept A~ tws il

withe o b tar myel b ine e b e Al line (10T
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“

Lisser -{1811) repor ted a vnilateral mede onf develaymant
“*Pvelopment from a .Qi'\Q]P magg that is Precent o bt

cides of the mirtlina) Roth the photagraphy and

tecongtryctions of thig atydy Hdefinitely cirmpor tal g

unilateral mode ~f dcv'ol"‘vpmanf At ey i in the rcri-oid o

de: elopment warc tlere evidenrc~ to cupport a bilateral oie

nf development ac M1 n7zer rute for th., Even in the o3 ly
meranchymal stage f d-velopment the most anndenacd porti-on
Af the criraid vge t'w:: ~entral ar~yus Becau~=2 the =~ i njd is
(U.Q.r;d venrtrally vty abt the  invf =1 jewr margil\ initially and
mesenchymal throughout it remrining o‘;fm\f_ 3 section taken

at midlevel could pe hare give the arnearnnce of a bhilate-3!

mode of development In'e'preatatiore [ ~m gactiorg withoo!
v

reconctructinn cou'd e niglenati g A in'eed 'hie ~1 1!
l'»avo haen t'e cage with tTiaz « (1910 He 1ac ety ted n
1Amm. and o 2 ek oy o pe o it ey 4 oari
":ve'gpynnn? ~ dddant Ly thiie e busdy . B - R
e o amewhe = hetuwern thoaag embr yon

TR AT LA EVALE B A Un]':lafgral e A e b !
e trow Tinieal cager ~f laryngea’ a'teciac TGmith
Pain e [' the 1 i~ id was found 1o b pat~af yent: 1
jry tte came o~f larymeal atpe-iat then thie might e e’
vl { e elornent foam binth cidac thhm i P thiatt
1ater fi1 = SRR I B Ty e Vaeme b0 int iy tar ynvge e
atr oeinn Yhe o 0 i g atunye fuged ety atly an! opnn
der ally . Thig abtrcois wae v ooty e et fonn
" P T . 5 e ey [ ' r\,ﬁ\,\,v ‘



posterior chondrification and wae mopner Vi e b e
‘milateral developmental prncers

Pyiphatic drainage of the deep ctructinmes of the laryne
{mije- leg and cartilage) alen suppor t fl'm mode of ecartilage
devel rment proprsed here. Deep lymrhatie drainage helow the °

) T,

vocal 'mlde Hdoes communicate acrngs the midline (Johner,
1Q70) I"is ie #lgn evident jrr by carcinomg metastas°§ from
sne girde o f Fhia ‘a[)/'\Y tey The ~rentralataral (=10 icgl 1vivias
fnbmer 10700 Thiae -~uppmy tg the amilpteral (cr immin)
Ae-oinpme 't below the trie foldae  Daep Iyngphatic cbaips
abaove th Loeal foldg dneg niet commeaicate nor oz the
midline This suppor e the hilateral Aeual 1 v f the
aryternid cartilageas nahoe o the acal fo4 1-

Thy"'f id Foeaman

‘e doe e of the thyrnid forarinn o ered - cmeu gt

A bt [N oo lnd“" '{ i]) [~EaliiTa) LEEIET- NS EAES EEEVAN | I A ~ e s Ty
Aachir bt T et H’i' e geyna ]l vy ' Tww = ey h « ane  of
et eintant "‘Y' el oy gam’oa o Ayl nrrac imene hnya hea

o

ohger .2 ' . e el o ein of the thyr: id f~ramer v thea |
\

gt et o the o ight wan eorider £ o fprem tlea UEOC LT Doy

[ TR RS BRI B PRV Thiie wn agoin aprar ot g0 the HINR

(11 0men ' v aeaa s biey pact ~proaeite ajleg vt e amelyde !

patev\f. faihhye { Yeopes il Feor o miinn b ' "ne b -

dove e ot gmem teopr : e et e LAy ! b
[ L LA
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passiné‘throUgh the thyroid foramina Muller et al (1081)
were aBle to trace this nerve and maintain that it wax 3
branch of the axternal laryngeal nerve %fUdiag o f
Co%parafive anatomy in the literature provide no insight
into the significance of this nerve but its transiency
propably indicates fha} it is =a remnani of the phyligerti
history nf the species (Nagus, 1982: Wind 1Q70)
Corniculate and Cuneiform Cartilages

| The develormen! of the coraijculate and cuneiform
car tilage: were nnt nE“ovVOd in thig atudy hrralige the
specimens of nececcary ade were lacking frm the collection
Aceording t-~ Hast (1970 the ecornicrulata ~ar tilages began
~hover ifiration towards 'he end of t'e third month whereas
the mim~iform sar b i lngy - haagso  Fheis beavlb ifieation in “th@
sesen bty meva by
Fr-iemdingtir Ca' tilnge

Al heugh te levelopment Cf Vha epriglet'ic  artilage

Wwae ot pret Al wmy ety 'y 0y e nmv??ilw\ Al jte dnvr~lnpmeﬂt
e arraop dats AV the il o bhe embiyenie per Tod peopar ne
crr btilages e 0 I tverd i the cnviglettie (Tycker and
N Tahilly o 10770 Fibr s doatic captilage was fi-nt ~heer yad
i the apiglottic at fjve moaths bt 't wa' nn! ustil the
cighth merth bhat e e i tye arsge s e (Tyeker
and T e~ 1Q7R)
tvatal Larynge-! Shkeletal Growth

Vahya e (1971 1A etyudier thae rvgtaatal ey b ! the

o ey oo LIV R | R 1 P ‘,\,1| P ] P TR I T BN | HE RV N R -
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and female adaverg, moacurihg both the linear dimensions
and weight With themoVﬁﬁption ~nf the anteroposterior
dimensinn ~' the thvroid cartilage, the intracartilage
pr;pgrtionc ¥Yrom rrepuberty tintil adultheod remained
re'atjvely atahle Thrrefnre, while the cartilaées increased
in ize  they changed little in ghnpe fKahane, 1982). ‘
e ant-ropeogterior grewth of the thvroid carfi]agp in
the ma'e was three !'imeg »g great as in the female. The
change betwe=>n prepberty and adult was 165 Q01mn. male vs.
A ATmm,. forzle  Th- abhsalygte. in~reage in »11 linear
dimengione '"length, heiaght  and width) »nf the thyr#id a%id

cricoid cartilages were twn to t'v ae times areater i the
male tha: in thh femgle (Kahane K 1QRD} The abseclute weight

in~re=ze - »f the individugl r\.mfilagps wera: thy' oid

~r b . A yte ol oag w1l hae ~vprotad Aga—i" the
abvae 1ot anight e an e wrg twe toy thy ee {imee O|na|nv iy
the ma]' Yoo en o0 el ot the Fema]e B \/1\0(.\:\1. Ql';\le!«\’\

(tha“ﬁ |Qpﬂ\
The ‘er igtance of Mugﬁle Differﬂntia'ibﬂ by éartilagp Srowt’
A concant worthy of noting here ie the gepar ntinn of
migcte mageae 1y the procsaes ~f cartilage growth Thie wae
evirlant in twe imet neeae i 1hrvyngeal dpvelﬁpmant {Haet .
1870) . Th> dovnward growth of the inferi~r thyroid cornua
separated th  outsr weesder gl cendengat ian into the
crieothye sl yqgeemla and the infer jour phavyngaa‘ conétriotov
poster ion Iy I a sfmilar mannar the growth ~f the arytengpicl

-avl’;]aor;q qerar bt b P drate s e e il vnljr:'r"n frosm that Af
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-

the posterior cricoarytenoid muscles.

-

D. Muscle Development
The inner constrictor

‘The debate in the 1ﬁterature7regarding formation of

fmost_iﬁirinsic musculature of the larynx from an. inner

vfconst;ictor" (Frazer, 1910.and Hast?\ﬂg;O, 1972),as oppoﬁed
to in situ deve]opment-(Lisserr‘1911) from the surrogn&ihg

“mesoderm is an intéresting problem. Pefhaps this problem is
simply a question dfﬁsemantics; as theqéricéthyroid is

¢
, ' 3
derived from the inferior pharyngeal constrictor which, in a

. semicircular fashion, surrounds the inner mesodermal mass.

Frazer (1810),- for the sake of simplicity, might have termed
'fhe.latterfthe ihnér'cénsfriCtor. If so there should be no
‘controversy over this\topié. If, on the other hand. he,did,g
.indeed; attribute a cohstrictqr status to this inner mass,
then this study disagrees wi%h his interpretation. Lisser
(1911) noted thqt‘the direction of fibers in a frontally

sect ioned specﬁm%p yields little evidence for the

- ~

constrictor status implied by Frazer (1910) of the inner
mass o? mesoderm. N5nethe1es§‘my study indicated that the
intrinsic laryngeal mus¢u1ature, with the exception of the
cricothyroid, differegéiate from this inngr mésoderﬁa]
condensationﬂ‘lt must be emphasized that the close
.relationship of fhenlaryngea] éompéneéts in the inner
mesodermal condensation may be contiguous and not

-

continuous, as proposed in.the literature (see below). This
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» - /
' . o+

problem cahnot be solved with the techniques adopled in this
study but perhaps could be solved using cell tracers, such
as tritiated thymidine, in expefimentai animals (Weston,'
,1970) . | |

The onset of developmentkof'thg muscles proceeded in a
superior to infefior diréction and not' simultaneously. This
conicept in itself is interesting because the deveiopmeht of
the laryngeal cartilages did not follow this pattern but, in
féct, fo]]qwed a paftern reverse to ihat of itsvphylogeny
(see below) . THat 1$,~instéad of the arytenoids developing
firét and the cricoid and thyroid dgveloping simultaneous]y;
the reverse pattern was demonstrated. | |

It should be stressed at this'time that the adult
innervation of the intrinsic laryngeal musculature and the
inferior pharyngeal consfrictor support a bimodal origin
(from the inner and oute% condensafions). A fundamental ¢
embqyologiéal corollary states that if a nerve supplies more
than one muscle, these muscles have the same mesodermal
origin (Arey, ]974, p430). The cricothyroid‘and inferior;
‘bharyngeal constrictor are bofh innervated by the external
laryngeal nerve whereas the remaining intrinsic musculature
are innervated by the inferior laryngeal nerve.
Interarytenoid Development

The development of the interarytenojd_muscle is
~somewhat controvérsiai. Hast (1970) considered the

| intpraryteqoid muscle to be the first discernable muscle (at

. 9.0mm.). Hast (1972) after further study decided that the



interarytenoid muscle was probably not discernable until
‘slighty 1ét§r (ie. at approximately .11imm.). This again
stresses the prob]ems inherent in observing differentiating
cells. 1 agree that the hyoblast stage ofrdevelopmént occurs
first in the inteharytenoid muscle but develobment |
thereafter was slower than the other intrinsic muééulature.
The interarytenoid muscle waé the first to differentiate and
the first discernable muscle derived from the inner
mesodermal concentration. |

Lisser (1911) observed the presence of the
interarytenoid primordium as early as 12.5mm. Although there
was a sign of premyoblastic tis;ue observed at 11.0mm.
(SH45) and 12.5mm. (SH43), in the present study, I did not
consider these muscles distinct but réther a di§cernib]e
undifferentiated portion of the inner mesoderma
condensation. The myob]éstic interarytenoia anlage was -
definitely discermable in the present study by -17.5mm.’
(SHB3) . s |

The interarytenoid déve]opment fb]lowing its
differentiation was, in comparison to thevcricoid and
thyroid, s]bw. It was .not until 40f0mm. (SH105) tha& the
trénsverse fibers were distinct and not until 110.0mm. {
(SH108) that the oblique fibers can be considered distinct
and in continuity with the aryepiglottit muag]e fibers.
- Development of the Voca]is'Muscle
The development of the vocalis muscle has been

discussed very little by previous authors in their

+
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discriptions of the intrinsic laryngeal musculature. Because
+

L] .
it has been implicated in the role of changing fundamental

. frequency auring phonation, a brief disscussion must be

included (Zemlin, 1981, p202}. In my observations'during the

present study the vocalis began §o differentiate at about

. nine weeks (Plates 27A and 27B). By fourteen weeks (Plate

1

3585 it was readily distinguishable from its barent muscle,
the thyroarytenoid, but had yet to develop'to its adult
Qondifion. Muller et al. (1981) observed what they believe
fb be the component fibers of the vopa]is muscle as early as
the eighth week; According'to Konig and von Leden (j961) the
vocaiis‘huscle did not differentiate fully until the third
year of 11fe If this is the case,, the muscle .

d1fferent1at1on precedes deve]opment of the':r

(see below) .

E. Phy1ogeny of the Larynx

A brief description of the phy]ogeny of the ‘larynx is
presented here because of its relevance to the discussion.
The onset of lungs was first recognized in the fossil record
inAB Silurian placodernt Bothriolepfs (Denison, 1841).
Bréathing ;E air wh11e surfacing above an aquatic medium
with 3 subsequent dive down 1nto the water required some
sort of sphincter to prevent both air escape and wa er entry
into the 1ungs. Th1s sph1ncter was the primitive larynx,

simijgr to that found in the present day dipnoan LepldOSIFen

- (Negus, 1962). Relaxation of this sphincter would passively
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dilate the lumen of the laryngopharynx. More advanced forms
of lungfish (Protopterus) added dilator mmscles to this g
primitive larynx to increase tHe efficiency of'abduction of
Qhe g]ottis.vAhphibians such as Axolot] added a pair of
arytenoid cartilages to this dilator apparatus and in newts
we find the first appearance of a'qricothyroidAcartilage
(Neng, 1962). This muscul;skeletal system js'essentially
'the same in a]iigaforé'and birds buf the cricoid and- the
thyroid separated in the Qamma1sA(Negus, 1962) . Thé‘]arynx
of Homo éerQes not only“as a valve but  has also been
modified to produce aémp1ex sounds duriné the proceas of
speech .

The ontogeny of the larynx does'nog closely
. rééabitulate its phylogeny.;The arytenoid cartilages do not
develop before the cricoid and thyroid but rather after
these caatilages. The muscles of the inner condensation have
been greatly modified beyond the anbe;tral function of a
valve to participate in phonationi The inner and outer
pﬁaryngeal condensations develop alﬁost simultaneously;aThe'
outer condensat ion’ does not preceed the development of the -

inner condensation, as one would expect from phylogeny.

F. Pharyngeal Arch Derivatives

The reconstructions in my study do nof?support the
classical pattern'of visceral arch derivation of the
‘laryngeal skeleton as postulated in standard textbooks of

embryology.
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The superior horn of the thyroid cartilage in early
development was continuous with the greater horn of the
hyoid, which is c]assified as a third arch derivative. The
1am1nae of the thyroid cart11age developed from single
'chondr1f1cat1on centers on both sides of the m1d11ne~and at
no time were these 1am1ﬂﬁe continuous with the cr1co1d lf
see no reason to class1fy the thyro1d lam1nae and the -
cricoid as both\fourﬁh‘and sixth arch derivatives as seen in
embryologic textbooks. [ postulate that }he
zsuperior~inferior horn segments are tbﬁgd‘arcﬁ derivatives
and that t laminaé are foueth arch” ;f%vatives.

The kricoid develops from a single chondrification
center ventral to the layngeal lumen that chondrif}es in a
superior and posterior direction aﬁd-fina1ly completely
encircles the laryngopharynx. Again I see no justification
for this cartilage .to be divided into different arch

derivatives, since the cricoid devglops from a single

chondrification center. [ regard the cricoid as a sixth arch

S

derivative. o~

The arytenoid cartilages are Fe]aiiveiy late in
developing, when compared to the thyroid and the criceoid.
The arytenoid car}iiagei alse develop'{at the level of the
thy}ejd foeamina. The laryngeal saccule develops just be 1dw
the arytéenoid cartilages. As yoqu will recall in SH81 (Plate
145) a transitory nerve was observed paSSing’thro%éh the

4
thyroid foramen. .l specu1ate that the laryngeal saccules are -

<

fifth poNFh der1vat1ves and that the aryteho1d cart1lages
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are fifth arch derivatiyes. These strucfures are ré]atively
late in deQéloping.because they belong to the ru&imenfary
fifth arch-which has a poor blood supply. The nerve passing
through’the thyroid foramen could have gt one time beén the
nérve tg the fifth arch. = }
G. Development of the Vocal Folds .

The deve]opment‘of the.vocal fold was not closely
exqmined Yin this study but because of its close association
to the skeléfqn andentrinsic musculature of the larynx, a
brief account wi11‘be ment ioned . Acggrding to Frazer (1910)
the vocail fo]dq,Were formed from "chordal hodules" that
undérgo subgequent atrophy leav.'mg the é:ords attached to
both the thyroid junction and the vocal processes of the
arytenoighcartilhgeé. Goerttier (195dﬂh‘cjted in Muller et
al. (1 81\? evidehf]y‘supported this view and ¥urthé;

suggested tRig mode of development of the human glottis to

be fundamentally distinct from.that of other mammalian

"'species, agthough the authors did not explain why this
\

L4

process was distinct.

}  In an unpublished paper Hirang, Kurita. and Nakashima

(1981), cited in Kahane (1982), discussed the postnatal
. -y .

&

. v » o . .
development of the Y9ca] ligament . qu authors stated that
prior to four-yéars of age'thé vocal ligament cannot be

.idehtified as a histo\ogical entity. Between the years of

t
- ]

four and sixteen the elastic and collagenous components of

3 e
the voCi\,]igamgnt increased in density and at the same time

<
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became orientated in the anferoposterior plane (Kahane,
1982) . , v

Postnatél growth of the vocal folds (as measured by the
léhgth dimension increase from prepubefty to adulthood) was
observed by Kahane (13982). Kahane (1982) found the male
vocal fold growth (11.57mm.,63% increase) to be more than
two times greater than the female counterpart (4. 16mm. , 34%
i;crease)- This relative change in the male/female vocal
fold length had been.described as the mest influential
factor contributing to the fundamental frequency change in
voice at éuberty. | ' ¢

|

H. Laryngeal Web

An’interesking observation of some clinical relevance
was noted in this study (and ip’the studies of H. Zaw-TUn,
personal comm.) with respect to the development of the
laryngeal lumen. Herej as in the case of the duodenal lumén
deve lopment (Arey, 1974, p253), the lumen occludes and later
recanafizeé by the formation of many small vesicles. The
appearar;ce of the laryngeal Jumen at 23.5mm. '(TSHBj). 28 .50
(SH101), and 40 .0mm. (SH105), looking through the gl ttis
was that of a spider’é web. Therefpre it is prohable 'hat
stagnatioﬁ nf the developmental proce~s at thie gstage w“wlﬁ
result in ﬁhe an&oma]ous 1ar;ngea1 web . This vecéna]i7ation
of tHe laryngeal lumen is a possible area for research-in
the futufe becéuse the web can deve1op.at locations above,

below, or at the level of the glottis (Paparella and
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Shumrick, 1980)7

1. Development and Congenital Laryngeal Atresia

Congenital laryngeéal atresias have been classified on
morphological grounds by Smith and Bain (1965) into three
tYpes. These types represerit cessation of the developmental
process at specific periods of gestation. The morphological
characferistics of these three type$ will be disclissed as
described by these guthovs and in relation to my
nbskrvations relative to developmenfal age.

Type one was said to encompaé both supra and
infraglottic atresias. The 1aryn/ea1 vestibule was
represented by a shallow cleft and the laryngeal sinuses

wer @ abhgent The arvternv id -grtilages were fused for

vat iable langths in the midline The 1 irajd cartiltage
appeared rouaghly conical in shape and was patent
Ty

roster iorly. Because the atresia was both above and helow
the glottis, the posterior def%fiencv in the cricoid must he
quite large Taking the above information into acrount, it
wou ld seem frogp4he observations during my study, that type
one rapresants an arrest in development sometime %n the
latter part of the seventh week because of its morphological
similarity to the 5HB! (23 Gmm.) 1aconstruction
Ufllustrafion 2) |
Type two #nvolves only infrag]ottic atresia. Both the
larynged] vestibule and sinuses were nofha11y deve]oped and

~

the arytenoids,wehe separate. The cricoid was described to

3
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be dome-shaped owin§ to the presence of a conical cavity
within Posteriorly the cricoid cartilage was grooved and
was patent inferior]y. The dome-shaped cricoid with
posterior'inferidr patencies was characteriﬁﬁic of the SH101
reconsgructjon. Therefore., type two represents‘develop%entad
artest within the early part of the eighth week (refer te
illustration 3).

Type three was characterized by an atresia at the level
of the glottis. The laryngeal vestibule and sinuses were
normally formed but the g]otfis was occluded by a membrane
composed of fibrous connective tissue and muscle. The
arytenoid cartilages were joined by a thin cartilaginous bar
at the level of the vocal processes. The cricoid cartilage
was normally formed, witH the exception of a posterior
patency at fhe level of .the glottis. Type three must
represent a developmental arrest sometime in the latter part
of the eighth week (after SH101 yet before SH105) becaQse
prsterior cricoid fusion was compiete at this stage.r

Based.on the developmental processes of my study the
fusion of the éﬂﬂtenoid'cartilageg in either type one or
type three can be explained only by.aa upset in the
induction proéesé. As you will recall (Bronner-Frazer and
Cohen, 1980), the endoderm of the laryngopharynx induces the
cartilage:development of the larynx. Béth‘}ypé oﬁe and type
three atr;sisaS»contain upsets in the laryngopharynx
endoderm at’ fhe levels offabnqrma1 cartilage development.

This would also .account for the lack of postérior cricoid
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chondrification, becauge the crgcoid is also in contact with
fhe endoderm of the larynx.

The existence of the tracheoesophageal septum has been
disproved by 7;L~Tun (1882). Therefore the'mode of formation
of laryngeal clefts utilizing :he tracheocesnophageal septum
theory as stated in Paparel1a~and Shumrick (1980, p2434-5)

must be revised te incorporate the new data Thie is annther

poscible area for future research.

J. The "Ascent"” of the Hyoid

Another observation made in passing pertains-to the
relative position of the hyoid to the laryngeal skeleton Tn
early stages of development (SH51 and SHR1) the hynid was
suspended ahove the thyroid laminae. During later
::velopment the hyoid overhangs.th? thyroid laminae (SH106).
later «till (SH108! the hyoid was suspended above the |
thyroid laminae in a «imilar fashion t» the earlier
develiopment This fluctuatirn in epinal level of the lar\vn~
during development was also noted by Noback (1923). 1
postulate that early browfh of the laryngeal skeleton cai'ses
the thyroid laminae to gfow up under the.hyoid and that
later differential growth in the neck regicn Eau°as the

RO L
hyoid to ‘aﬁ%an? t® its adwlt rosition.

i3
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SH5 4.75mm.CR. -

A) 3.2.2: This plate was taken a& the upper 1eve14
of the laryngopharynx. This plate and all of the
following plates are placed in the anatomical

- position so that the top of the page is ventral

and the bottom of the page is dorsal. Surréunding
the laryngopharynx is a single layer of condensed
mesenchyme (the undifferentiated mesenchyme).

«

'B) 3:2.4: This plate represents the successively -

lower section and again demonstrate
undifferentiated mesoderm. . o

C) 3.2.5: This plate again représents the

successively lower sectfion of this'émbryo.:The
three photographs demonstrate the continuity of a
single column of undifferentiated mesoderm.






Plate 2:

SH28 7.0mm.CR.

A) C.5.15: This plate represents a section taken
at the upper level Of the laryngopharynx. The :
mesoderm surrounding the laryngopharynx can be
differentiated .into an inner and an outer
mesodermal condensat1on
' YA 4

B) C.6.1 and C) C.6.2: These photographs represent
successively lower sections of the same embryo and
demonstrate; the continuity of the imner and outer
columns of mesoderm ;, - .

e
T
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Plate“3ﬁ“SH45’11.0mm;CR.
) -

{A)’F.ﬁ.sz Thfsfp1étévrepresents'a-séctiothéken‘at.
“the 'level of the fourth pharyngeal pouch. Again,
both an inner and outer mesodermal condensation’
surrounds the laﬁyngopharynx, : ’
B) F.4.10 and C) F.4.11: These photographs .
represent the continuity of the inn?r and outer
,mesodermal-condensations. R






Plate 4: SH11 14.3mm.CR. | - e

A) G.3.6, -B) G.3.7, and C) G:3.8: These
photographs again demonstrate the inner and outer
mesodermal condensations surround1ng the
laryngopharynx

I

[
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Plate 5: SH80 17.5mm.CR.

A) F.4.2:'Thﬁsvﬁhbtograph'represents a seétion at
the uppermost border of the larynx. The superior
horn of the thyroid‘iﬁ labeled TP. ) »

B} F.4.10: This plate demonstrates the arytenoid
primordia and posterior to these is the
interarytenoid primordia.






Plate 6: SH80 17.5mm.CR. ., . .

A) G.1.7: In this photograph the internal"
laryngeal nerve courses anterior to the thyroid

primordium. to enter the inner mesodermal
- condensation. The posterior: cricoarytenoid
- primordia are discernable at the terminating point
. of the internal laryngeal nerve.

%

B) G.2.3: The U-shaped outer condensation is
discernable surfounding the inner condensat.ion.
.The posterior cricoarytenoid primordia are in
continuity ‘anteriorly with the shyroarytenoid
primordia. The nervous tissue amongst these
primordia is the inferior‘laryngeal nerve,

C) G.4.3: This photograph displays the early
condensation of the ventral'arcusvpf the cricoid.






Plate 7: SH83 ,18.0mm.C
‘A) F.2.2, B) F.2.4, and C) F.2.8: These
photographs are similar to SH80 but ‘are somewhat
more advanced and require no more discussion.






Plate 8:.-SH83 18.0mm.CR.

A) F.3.2, B) F.4.8, and C) G.1:6: These’

photographs are again very similar to SH80 except

that the cricoid condensation is progressing .
..superiorly. ' '






Plate 9:

|
SH51 20:0mm.CR.

A) H.3.2, B) H.3.8 and C) H.4.3: These photographs
represent the superior horns, the arytenoid
primordia, and the tramsverse arytenoid muscle.

D) H.5.3: Both the posterior cricoarytenoid and

- the inferior pharyngeal constrictor are present in

this photograph. Note how the inferior pharyngeal
constrictor loops around the esophagus to attach
to the thyroid laminae.
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. Plate 10: SH51 20.0mm. CR.

A) 1.1.2: The posterior cricoarytenoid primordia
are continuous anteriorly with the thyroarytenoid |
primordia. The inferior pharyngeal constrictor is

again attached to the thyroid laminae. -

B) 1.1.6 and C) 1.2.1: The cricothyroid primordia
are easily discernable medial to the inferior = = °
pharyngeal constrictor. The cricoid and thyroid
are prochondratl, ' :

D) 1.3.1: The ventral arcus of the cricoid is
prochondral.

»



Plate 11: SH94 22.5mm.CR.

A) M.2.2: Both the superior horns bf the thyroid
.. primordia and the transverse arytenoid anlage are
easily discernable.

B) M.3.2: The arytenoid primordia are connec ted by
the transverse arytenoid primordium.






Plate 12: SH94 22.5mm.CR.

A) M.4.4 and B) M.5.3: These photographs display
the continuity between the posterior |
cricoarytenoid and the thyroarytenoi#
The continuity is interrupted in (B)
inferior laryngeal nerve.

primordia.
'‘by the
/

v
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Plate 13: SH94 22.5mm.CR.

A) N.1.2, B) N.3.2, andC) N.4.3: This series of '
photographs demonstrates the continuity of the
cricoid laminae and ventral arcus.

v 4 . . . .
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Plate 14: SHéﬁ;ZB.Smm.CR.

A) P.2.4: This photograph1¢ plate demonstrates the
" myoblastic status of the. transverse arytenoid -
" primordium.

[ L

B) P.3.5: The prochondral thyroid and arytenoid

cartilages’along with the mypblastic posterior
cricoarytenoid are demonstrated here. The _
transient nenve that passes through the thyro1d ;
foramen 1is p?esent on the r1ght

.
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- Plate 15: SH81 23.5mm.CR.

A} Q.1.3 and B) Q.2.1: These photographs
demonstrate the continuity of thHe myoblastic
posterior cricoarytenoid and thyroarytenoid
primordia.
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Plate 16: SH81 23.5mm.CR.

A) Q.2.7: This photograph demonstrates the
continuity of the myoblastic inferior pharyngeal
constrictor and the myoblastic cricothyroid
primordia. The contiguity of the myoblastic
thyroarytenoid and cricothyroid primordia is also
displayed. - oo
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B) Q.3.7: This plate demonstrates the initial
posterior chondrification of the cricoid anlage.
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PJate 17: SH81 23.5mm.CR.

. A) RI1.7 and B) R.2.2: These photographs represent.
. = ...sections at the lower border of the prochondral
~ crigoid demonstrating the ventral continuity.






Plate 18: SHIT 26 .Omm.CR,

- £

A) M.2.1: This p]ate shows the dense mesenchyma]
state of the aryteno1d apical processes

B) M. 3'7 The myoblast1c posterlor cr1coaryten01d
and the - thyro1d and arytenoid cartilages are
represented in th1s photograph

\«va) N.1.8: Poster1or cricoid fusion and the .

continuity between:the thyroarytenoad -and

- posterior cricoarytenoid are demonstrated in this

photograph






Plate 19: SH9! 26.0mm.CR.

~A)-N:2.3:2The continuity of the -posterior
cricoarytenoid and the thyroarytenoid primordia
-are apparent as well as the inferior pharyngeal
constrictor in this plate.

B) N.3.2: Thfs photograph demonstrates the .

- myoblastic cricothyroid and the initial stages of

posterior cricoid chondrification at its lower
level. e

C) N.3.8: The infero-ventral continuity of the
prochondral cricoid is demonstrated in this
photographic plate. .






"late 20: SH101 28.

A) 21.3.3
represent
Tarynx to
arytenoid

5mm.CR.

and B) 22.1.1: These photographs
sections at the superior level of the
demonstrate the myoblastic transverse

anlage ,






P]afe 21:

SH101 28.5n'm.(l3'R.__v B

A)-22.1.6 and B) .22, 3 1: These photographs
demonstrate the upper.. leveld of*the myoblastic
posterior . crdcoarytenoid primordia arid the

‘amu§cu1ar processes of. - the ahyteno1d p 1m'6‘f~d1aM
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>late 22:.SH101 28.5mm.CR.

A) 22.4.5 and B) 23.1.3: These plates again reveal
the continuity between the posterior ' '
cricoarytenoid and thyroarytenoid primordia.
Posterir cricojd chondrification s complete-at-

" this level.
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Plate 23: SH101 2§.§mm.CRf

A) 23.3.3: This photograph displays the myoblastic
cricothyroid muscle and the incompleteness of the"
e e pgsterior cricoid, chondrification at this level.
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B) 24.1.4: This photograph represents a section
taken at the lower border of the cricoid to again
demonstrate -its ventral continuity.
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Plate 24: SH105 40.0mm.CR. P

- -A) 9.2.2 and B) 10.1.2: Both of these photographs
demonstrate the apical processes of the arytenoid
"~ primordia and the oblique arytenoid primordia.
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Plate 25: SH105 40.0mm.CR. .

- A) 10.2.3: This photograph represents a lower
section through the apical processes of the
arytenoid primordia revealing the transverse
arytenoid primordium.

B) 12.1.4: This plate demonstrates the position of
both the “lateral and posterior cricoarytenoid
primordia attached to the muscular processes of
Ihe arytenoid cartilages. Anterior fusion of the
- thyroid-laminae as well the laryngeal saccules are
also apparent at this level.. R
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Plate 26:. SH105. 40.0mm.CR.

A) 14.2.1 and B) 15.1.2: These.two photographs
reveal the precartilage vocal processes of the
arytenoid cartilages as well as the
thyroarytenoid, lateral and posterior
cricoarytenoid muscles. y






-Plate 27: SH10% 40.0mm.CR.

i

A) 15.2.1 and B).15.2.2: These photographs
demorTs‘tra‘t/Znthe vocalis, thyroarytenoid, lateral
and posterior cricoarytenoid. Anterior fusion of

the thyroid laminae at this level is incomplete.

RN
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Jlate 28: SH105 40.0mm.CR.

A) 17.1.1: This photographic plate reveals the
separation of the cricothyroid primordia from the
.inferior pharyngeal constrictor.

o

B) 20.2.2: This plate demonstrates the
completeness of posterior cricoid chondrification.
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Plate 29: SH106 71.0mm.CR.

-

A) 6.2.2 and B) 7.2.2: Bbth of these photographs
demonstrate the completeness of the apical
arytenoid processes. The laryngeal saccules are
also represented in (B)
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Plate 30:

SH106 71.0mm.CR.

i
[y

A)-8.2.2: This photograph represents a section at
the upper border of the muscular processes of the
arytenoid captilages with the attachment of the's
transverseni}ytenoid and thyroarytenoid primordia.

B) 9.1.2: This photograph is essentially the same
as (A) except at' this level the inserfion of the
oblique arytenoid muscle is detectable.



Plate 31: SH106 71.0mm.CR.

A) 10.1.3: This photograph demonstrates anterior
thyroid chondrification as well as the myotube
stage of the transverse arytenoid and
thyroarytenoid muscles.

B) 12.1.1: Both the vocalis and the lateral
cricoarytenoid muscles are evident in this
photograph. Also the chondral state of the vocal
processes of the arytenoid cartilages is evident.






Plate 32: SH106 71.0mm.CR. -

A) 12.1.3 and B) 12.2.2: In these photographs the
lateral and posterior -cricparytenoid, the
thyroarytenoid, the vocali®, and the cricothyroid
muscles are demonstrted at the myotube stage of
development . " 4
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Plate 33: SH106 71.0mm.CR.

A) 12.2.3: This photograph demonstrates the
position of the cricothyroid and the lateral and
.posterior cricoarytenoid muscles at the lower
border of the thyroid laminae.

B) 15.2.2: This plate reveals complete posterior

fusion of the cricoid :and the continuity of some

of the inferior pharyngeal constrictor fibers with
= that. of the cricothyro*d muscle.

B






Plate 34: SH108 110.0mm.CR.

P

A) 28.2 and B) 35.2: These photographs demonstrate
the continuity of the aryepiglottic muscle with
that of the oblique arytenoid musc les.









Plate 35:

SH108 110.0mm.CR. l L [

"A) 53.1 and B) 55.1: Both of these photograph4

demonstrate the position of the vocalis,
thyroarytenoid and lateral cricoarytenoid muscles
§t the level of the vocal processes (glottis).
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