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INTRODUCTION

Until recently reports on laryngeal paralysis in dogs were largely confined to clinical 
descriptions of case studies (Leonard, 1971; Baker, 1972; Harvey etal. 1972). O’Brien et 
al (1970) reported on the neurogenic atrophy in biopsies from intrinsic laryngeal 
muscles of seven dogs in which laryngeal paralysis was diagnosed clinically. Although 
familial occurrence of vocal cord paralysis has been reported in man (Plott, 1964; 
Watters and Fitch, 1973; Gacek, 1976), it has not been described in the dog.

The present studies were prompted by the rapidly increasing number of Bouviers with 
laryngeal paralysis which were referred to the Utrecht University Small Animal Clinic, 
beginning in 1972 A preliminary communication was presented in 1974 (Venker-van 
Haagen et al) Attempts to determine the pathogenesis of the condition were 
complicated by the observation that both denervation potentials and normal motor unit 
potentials could be recorded bilaterally from several intrinsic laryngeal muscles. This, 
together with a controversy in the literature on the innervation of the larynx, initiated 
electromyographic and histologic studies on the innervation of the intrinsic laryngeal 
muscles of unaffected dogs.

These experimental studies revealed that unilateral interruption of the innervation of 
the larynx never resulted in denervation potentials together with normal motor unit 
potentials in the ipsilateral intrinsic laryngeal muscles^ This observation in combination 
with the finding of Wallerian degeneration throughout the length of the recurrent 
laryngeal nerves of affected Bouviers led to the hypothesis that the primary lesion was 
in the motor nerve cell body. This hypothesis was studied in a Bouvier family that was 
also used to investigate the assumed hereditary transmission of the disease.
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CHAPTER 1

ANATOMY OF THE LARYNX AND ELECTROMYOGRAPHY OF THE 
INTRINSIC LARYNGEAL MUSCLES

1.1. Gross anatomy of the larynx in the dog

The larynx is a musculocartilagenous organ guarding the entrance to the trachea. It 
serves as an airway, aids vocalization and prevents the inspiration of foreign material.

The laryngeal skeleton is formed by the epiglottic, thyroid, cricoid and arytenoid 
cartilages, of which only the arytenoid is paired (Fig. 1). The cartilages are connected by 
ligaments and the arytenoid and thyroid cartilages form synovial joints with the cricoid 
cartilage.

The cavity of the larynx is lined by mucosa. The cavity is divided into three transverse 
segments: the vestibule, the glottis and the infraglottic cavity. The laryngeal vestibule is 
the rostral part and opens into the pharynx. The glottis consists of the paired arytenoid 
cartilages dorsally and the paired vocal folds ventrally and forms the narrow 
passageway, the rima glottidis. The infraglottic cavity is the part of the laryngeal cavity 
caudal to the glottis.

The intrinsic muscles of the larynx are the M. cricothyroideus, M. cricoarytenoideus 
dorsalis, M. cricoarytenoideus lateralis, M. thyroarytenoideus, M. vocalis, M. 
ventricularis and the M. arytenoideus transversus (Fig. 2). All of these muscles are 
paired. They control the movements of the laryngeal cartilages and by this the size and 
shape of the glottis. The action of the cricothyroid muscle is to pivot the thyroid 
cartilage on its cricoid articulation, thus tensing the vocal cord (the ligament of the 
vocal fold). The dorsal cricoarytenoid muscle opens the glottis. The lateral 
cricoarytenoid pivots the arytenoid cartilage inward to close the glottis. The 
thyroarytenoid relaxes the vocal cord and constricts the glottis. The vocal muscle can 
be considered as a part of the thyroarytenoid muscle. The ventricular muscle constricts 
the glottis and dilates the laryngeal ventricle. The transverse arytenoid muscle constricts 
the glottis and adducts the vocal fold (Evans and Christensen, 1979).

1.2. The innervation of the intrinsic laryngeal muscles in the dog: a review of the 
literature

The classical description of the laryngeal innervation is that all of the intrinsic muscles 
are supplied by the laryngeal nerves. The cricothyroid muscles are supplied by the 
cranial laryngeal nerves and all other intrinsic laryngeal muscles by the recurrent 
laryngeal nerves (Fig. 2).
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dorsal

Fie 1 The larvneeal cartilagenous skeleton in the dog. Ec = epiglottic cartilage; Tc = thyroid 
ê' cartilage; Cc = Cricoid cartilage; Ac = arytenoid cartilage. (After Evans and Christensen,

1979).

Fig. 2 The intrinsic laryngeal muscles and their innervation in the dog. C — M. cricothyroideus; D = 
M. cricoarythenoideus dorsalis; L = M. cricoarytenoideus lateralis; T = M. thyroarytenoideus 
and M. vocalis; V = M. ventricularis; I = M. arythenoideus transversus; Cln = cranial laryngeal 
nerve; Eb = external branch of the cranial laryngeal nerve; lb = internal branch of the cranial 
laryngeal nerve; An = "anastomotic” branch; Rln = recurrent laryngeal nerve. Note jhat the 
thyroid cartilage and M. cricothyroideus are transected and reflected downward and that the 
course of the external branch to M. cricothyroideus is thereby interrupted. (After Evans and 
Christensen, 1979).
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The innervation of the larynx in the dog has been described by Exner (1884), Onodi 
(1902), Lemere (1932), Vogel (1952) and others.

The motor fibers of all laryngeal nerves arise from the nucleus ambiguus (see section
3.6.1.) and leave the central nervous system in the rootlets of the vagus and bulbar 
accessory nerves (Lemere, 1932). The sensory fibres of the cranial laryngeal nerve have 
their cell bodies in the jugular and nodose ganglia. The cranial laryngeal nerve leaves 
the vagus nerve at the nodose ganglion and divides, on the cranial portion of the 
thyropharyngeus muscle, into an internal and an external branch. The internal branch 
of the cranial laryngeal nerve is distributed to the mucous membranes of the larynx and 
is not related to the muscles. The external branch usually gives twigs along its course to 
the lower pharyngeal constrictor musculature and underlying mucosa. Its terminal 
branches supply the cricothyroid muscle and then pierce this muscle and the 
thyroarytenoid muscle to innervate the mucosa caudal to the glottis. These terminal 
branches have also been thought to innervate the thyroarytenoid muscle (Exner, 1884). 
The internal laryngeal branch usually ’’anastomoses” with the recurrent laryngeal 
nerve. This ’’anastomosis” has never been reported to have a motor function for the 
larynx. Lemere (1932) stated that some of its fibres pass to the esophagus and trachea as 
the pararecurrent nerve.

The right recurrent laryngeal nerve leaves the vagus nerve near the thoracic inlet, 
passes caudal to the right subclavian artery and courses cranially along the dorsolateral 
wall of the trachea. The left recurrent laryngeal nerve leaves the left vagus nerve just 
inside the thoracic cavity, where it swings around the aortic arch and then proceeds up 
the dorsolateral side of the trachea. After entering the larynx the recurrent laryngeal 
nerve gives off branches to the M. cricoarytenoideus dorsalis, the M. arytenoideus 
transversus, the M. ventricularis, the M. cricoarytenoideus lateralis, the M. vocalis and 
the M. thyroarytenoideus.

The innervation described above is ipsilateral. A review of the literature revealed 
articles both supporting the existence of innervation in addition to that described above 
(Exner, 1884; Hofer, 1953; Dedo and Ogura, 1965) and against this possibility (Onodi, 
1902; Lemere, 1932; Vogel, 1952; Dedo, 1970). Electromyographic studies of laryngeal 
innervation (Faaborg-Andersen, 1957; Faaborg-Andersen and Munk Jensen, 1964; 
Hara, 1957; Dedo and Ogura, 1965; Dedo and Hall, 1969; Dedo, 1970; and Miehlke et 
al., 1973) did not arbitrate but, on the contrary, added diverting opinions. Since 
accurate knowledge of laryngeal innervation was essential to the interpretation of 
electromyographic recordings in the intrinsic laryngeal muscles, experimental 
electromyographic and histologic studies of the intrinsic laryngeal muscles were 
undertaken.
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1.3. The innervation of the intrinsic laryngeal muscles in the dog: electromyographic 
and histologic studies in 23 dogs

The results of these studies were published in Zbl. Vet. Med. A. 25, 751-761, 1978 (A.J. 
Venker-van Haagen, W. Hartman, S.A. Goedegebuure and G.H. Wentink).

Electromyographic studies of the intrinsic laryngeal muscles were performed in:
I five dogs during long-term follow-up after unilateral neurectomy of the recurrent 

laryngeal nerve,
II eighteen dogs during nerve stimulation experiments, and 

III four dogs during acute denervation of muscles with multiple innervation.
The histological findings in the laryngeal muscles and nerves of the dogs in group I are 
also presented.

1.3.1. Materials and Methods 

Electromyography:

Electromyographic recordings were made with a three-channel electromyograph (Disa 
Model 14A30)* provided with separate oscilloscopes for visual monitoring and 
photographic recording as well as an audio amplifier and speaker. High- and low-pass 
filters were used to limit the range to 20-1,000 Hz, which largely eliminated movement 
artefacts and nonmuscular tissue noise without affecting interpretation of the 
electromyograms. The photographic camera incorporated in the instrument was used 
for studies of individual potentials and a three-channel pressurized ink recorder (Brush 
440) was coupled directly or via an FM tape recorder to the electromyograph for 
extended observations. Nerve stimulation was performed with a square wave signal 
having an amplitude of 1-5 volts and a duration of 0.2 milliseconds. Stimulation 
potentials on the electromyographic recordings were identified by the distinct delay 
which separated them from stimulation artefacts. Only stimulation potentials of 100 nV 
or more were considered to be indicative of innervation.

Care was taken to avoid current spread to neighbouring roots. Recordings were made 
via bipolar concentric needle electrodes (Disa, 18K80), introduced through the mouth 
into the various intrinsic laryngeal muscles (Fig. 3), or by direct observation after 
surgical exposure. Negative results (the absence of potentials in the electromyographic 
recordings) were accepted as being valid only after the electrode had been carefully 
repositioned two or more times. When recorded activity was synchronous with 
respiration, motor unit potentials appeared during inspiration in the dorsal 
cricoarytenoid muscles and during expiration in the thyroaryrenoid (including the vocal 
muscle), ventricular and lateral cricoarytenoid muscles.

* Disa Electronik A/S, DK-2730, Herlev, Denmark.
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Fig. 3 Oral view of the larynx in the dog. At the left side in the drawing the mucosa is omitted to show 
the underlying muscles. The black dots indicate placements of the electrodes. D = dorsal 
cricoarytenoid muscle; V = ventricular muscle; T = thyroarytenoid muscle.

Experiments;

I. Five healthy experimental dogs (nos. 1-5) of various breeds and both sexes were 
anesthetized with sodium thiopental* intravenously. Following surgical exposure at 
the level of the fourth tracheal ring a 1-cm portion of one of the two recurrent 
laryngeal nerves was resected and both ends of the nerve were ligated with linen 
sutures. The dogs were allowed to awaken while the movement of the vocal cords 
was observed. When, three to nine months later, denervation potentials had

* Pentothal, Abbott s.p.A., Campoverde, Italy.
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disappeared and spontaneous activity was recorded, the intact recurrent laryngeal 
nerve was stimulated while recordings were made of the response in the ipsilateral 
and contralateral thyroarytenoid, ventricular and dorsal cricoarytenoid muscles 
For histological examination the site of the resected recurrent laryngeal nerve 
(including the nerve ends), the left and right intrinsic laryngeal muscles and the 
middorsal parts of the cricoid cartilages were removed and fixed in 4 % neutral 
buffered formaldehyde. After routine paraffin embedding, sections were cut at 4-6 
um and stained with hematoxylin-eosin and Gomori’s trichrome stain. All muscles 
were sectioned in both longitudinal and transverse directions.

II. In eighteen healthy experimental dogs (nos. 6-23) of various breeds and both sexes 
nerve stimulation experiments were performed to determine the pattern of 
laryngeal innervation. The dogs were anesthetized with sodium thiopental 
intravenously. Deep anesthesia was maintained, such that no spontaneous action 
potentials were recorded. The recurrent laryngeal nerves and intrinsic laryngeal 
muscles were exposed bilaterally and the needle electrodes were placed in the 
muscles by direct observation. The nerves were stimulated one-by-one and 
photographic recordings were made of the resulting potentials.

A. In three dogs (nos. 6-8) the effects of stimulation of the left and right recurrent 
laryngeal nerves on the left and right dorsal cricoarytenoid muscles were recorded 
Additional recordings were made from the right and left dorsal cricoarytenoid 
muscles with stimulation of the right recurrent laryngeal nerve during midventral 
splitting of the larynx, and then during middorsal splitting in the cranial to caudal

direction.
B. In six dogs (nos. 9-14) the effects of stimulation of the left and right recurrent 
laryngeal nerves on the left and right dorsal cricoarytenoid and thyroarytenoid
muscles were recorded.
C. In nine dogs (nos. 15-23) not only the left and right recurrent laryngeal nerves 
but also the left and right internal and external branches of the cranial laryngeal 
nerves and the ’’anastomotic” branches of the internal branch to the recurrent 
laryngeal nerve were exposed and stimulated. Recordings were made from the left 
and right cricothyroid, dorsal cricoarytenoid, lateral cricoarytenoid, thyroarytenoid 
and ventricular muscles. In four dogs recordings were made via the mouth and 
hence no recordings were made from the lateral cricoarytenoid muscles in these
dogs.

III. In four of the dogs in which stimulation studies had been carried out (nos. 5 and 21- 
23), additional recordings were made during spontaneous activity of the muscles 
and during one-by-one cutting of the innervating nerves. For these recordings the 
dogs were allowed to awaken to a level of anesthesia at which spontaneous motor 
unit potentials could be recorded. Continuous recordings were made with the 
needle electrodes placed through the mouth in three of the dogs and in the 
previously exposed laryngeal muscles of the fourth.

13



13.2. Results

I. Experimental denervation in five dogs:

In four dogs the ipsilateral vocal cord was immobile or vibrated with indeterminate 
motion after resection of the recurrent laryngeal nerve, but in one (no. 5) there was 
moderate abduction which was synchronous with inspiration. After disappearance of 
the denervation potentials 3-9 months later, motor unit potentials, synchronous with 
respiration, were recorded in all contralateral thyroarytenoid, ventricular and dorsal 
cricoarytenoid muscles and, although in small numbers, in all ipsilateral muscles as well. 
Stimulation of the intact recurrent laryngeal nerve produced stimulation potentials in all 
ipsilateral muscles and in the contralateral thyroarytenoid, ventricular and dorsal 
cricoarytenoid muscles in four dogs and in one dog in the contralateral thyroarytenoid 
and ventricular muscles (no. 1). Histological examination of the site of the resected 
recurrent laryngeal nerve and the nerve ends revealed an amputation neuroma of the 
proximal nerve end in all five dogs. The neuromas consisted of a tangled mass of 
sheathed axis cylinders oriented in various directions in a matrix of scar tissues. 
Histological examination of the instrinsic laryngeal muscles revealed denervation 
atrophy of all ipsilateral intrinsic laryngeal muscles but the severity and extent of the 
alterations varied from dog to dog and from muscle to muscle. In some muscles there 
were only angular fibres with a slight decrease in diameter, while in most muscles there

Fig. 4 Transverse nerve branches (arrows) on the midline above the caudodorsal portion of the cricoid 
cartilage (A) from a dog of experiment I (section 1.3.) (H.E. stain, x 40).
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were extremely small rounded fibres, together with pyknotic sarcolemmic nuclei. In 
some muscles all fibres of all fascicles were affected and in other muscles all fascicles 
contained both normal and atrophic fibres, but in most muscles a number of fascicles 
were normal while others (mostly at the periphery) contained atrophic fibres. The last of 
these three variations was seen especially in the dorsal cricoarytenoid and ventricular 
muscles and all three combinations were seen in the lateral cricoarytenoid and 
thyroarytenoid muscles. In the dorsal cricoarytenoid muscles of dog no. 5 (spontaneous 
abduction after nerve resection) there were atrophic fibres at the periphery of all 
fascicles. The contralateral intrinsic laryngeal muscles were generally unaffected, but in 
some muscles there were a few atrophic fibres at the periphery of some fascicles. In all 
five dogs histological examination of longitudinal sections of the median part of the 
dorsal wall of the larynx revealed several transverse nerve branches just above the 
caudodorsal portion of the cricoid cartilage (Fig. 4).

II. Nerve stimulation experiments in eighteen dogs:

The results of the recordings are shown in Table 1.

A. (dogs 6-8). In each of these dogs at least one of the recurrent laryngeal nerves 
innervated not only the ipsilateral dorsal cricoarytenoid muscle but also the 
contralateral dorsal cricoarytenoid muscle.

Splitting of the ventral wall of the larynx during continuous stimulation of the right 
recurrent laryngeal nerve produced no change in the recordings ,n the right and left 
dorsal cricoarytenoid muscles. The larynx was then split along the dorsal midline and 
electrical silence was produced in the left dorsal cricoarytenoid muscle during cutting of 
the caudal one-half while the ipsilateral (right) dorsal cricoarytenoid muscle continued 
to respond to the stimulation. The left recurrent laryngeal nerve was then stimulated 
and stimulation potentials were recorded only in the left dorsal cricoarytenoid muscle, 
the right dorsal cricoarytenoid muscle remaining silent. Hence midsagittal sectioning of 
the dorsal wall of the larynx had only interrupted crossover innervation and the 
pathway for crossover was on the dorsal surface of the cricoid cartilage, caudal to its 
midpoint (see also histology in experiment I).

B (dogs 9-14) In three of these dogs at least one of the recurrent laryngeal nerves 
innervated not only the ipsilateral thyroarytenoid and dorsal cricoarytenoid muscles, 
but also the contralateral thyroarytenoid and dorsal cricoarytenoid muscles.

C (dogs 15-23) In one of these nine dogs none of the recorded intrinsic laryngeal 
muscles had supplementary innervation, while in the other eight dogs four or more of 
the muscles did. In two dogs all muscles examined had more than one source of 
innervation In all nine dogs the left and right internal branches of the cranial laryngeal 
nerve and the left and right ’’anastomotic” branches between the internal branch of the 
cranial laryngeal nerve and the recurrent laryngeal nerve were also stimulated. In none
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of these dogs was there any evidence of motor innervation by either the ’’anastomotic” 
branch or the internal branch of the cranial laryngeal nerve.

Intrinsic laryngeal muscle

dorsal lateral
Dog cricothyroid cricoarytenoid cricoarytenoid thyroarytenoid ventricular
no left right left right left right left right left right

6 1R IRrR
7 IRrR IRrR
8 IRrR IRrR
9 IRrR rR IRrR rR

10 1R rR IRrR IRrR
11 IRrR IRrR 1R rR
12 IRrR IRrR IRrR rR
13 1R IRrR 1R IRrR
14 1R rR 1R rR
15

1C rC
1R rR 1R rR 1R rR

16
1C rC

IRrR IRrR IRrR rR IRrR rR IRrR IRrR

17 1R rR IRrR IRrR IRrR IRrR IRrR IRrR
ICrC ICrC ICrC ICrC

18 1R rR IRrR IRrR IRrR IRrR IRrR IRrR
ICrC ICrC ICrC ICrC

19 rR IRrR rR 1R rR IRrR rR 1R rR
1C rC rC

20 IRrR IRrR 1R rR 1R rR 1R IRrR
ICrC ICrC 1C 1C ICrC

21 1R IRrR IRrR 1R IRrR IRrR rR IRrR rR
1C rC 1C ICrC

22 rR IRrR IRrR 1R rR 1R rR
1C rC 1C rC 1C

23 1R IRrR 1R rR IRrR IRrR
1C rC 1C rC

1R = left recurrent laryngeal nerve; rR = right recurrent laryngeal nerve; 1C = left cranial laryngeal 
nerve, external branch; rC = right cranial laryngeal nerve, external branch.

Table 1. Innervation of intrinsic laryngeal muscles in dogs as determined by nerve stimulation 
(Experiment II, section 1.3.).
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III. Additional studies of supplementary innervation:

Dog 5 Nine months after resection of the right recurrent laryngeal nerve, spontaneous 
normal motor unit potentials were recorded from the right thyroarytenoid, ventricular 
and dorsal cricoarytenoid muscles. Stimulation of the left recurrent laryngeal nerve 
produced stimulation potentials in these same muscles. Stimulation of the external 
branch of the left cranial laryngeal nerve produced stimulation potentials only in the left 
cricothyroid muscle, while stimulation of the external branch of the right cranial 
laryngeal nerve produced stimulation potentials in the right cricothyroid, right ventricu
lar and right dorsal cricoarytenoid muscles. Spontaneous normal motor unit potentials 
were still recorded in the right ventricular and dorsal cricoarytenoid muscles after 
transection of the left recurrent laryngeal nerve, but transection of the external branch 
of the right cranial laryngeal nerve caused immediate electrical silence.
For the following three dogs (21-23) reference should be made to the results of the 
previous stimulation studies in Table 1.

Doe 21 After transection of the left recurrent laryngeal nerve, spontaneous normal 
motor unit potentials were still recorded in the left ventricular muscle but not in the left 
thyroarytenoid or left dorsal cricoarytenoid muscles. Transection of the right recurrent 
laryngeal nerve caused immediate electrical silence in both the left and right ventricular 
muscles (simultaneous recordings).

Dog 22. After transection of the lelUsf ttirent laryngeal nerve spontaneous motor unit 
potentials were still recorded in the left thyroarytenoid ™scle but not m the left dorsa 
cricoarytenoid muscle. Transection of the external branch of the lef cranial laryngeal 
nerve caused immediate electrical silence in the left cricothyroid and left

Isec

Fig. 5 Electromyographic recordings from the right thyroarytenoid (1) and right cricothyroid (2) 
muscles in dog 22 (section 1.3.) after transection of both the left recurrent laryngeal nerve and 
the external branch of the left cranial laryngeal nerve. Normal motor unit potentials were still 
recorded from the right thyroarytenoid (and cricothyroid) muscles after transection of the right 
recurrent laryngeal nerve (arrow). Transection produced a stimulus in both recordings.
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Fig. 6 Electromyographic recordings from the right thyroarytenoid (1) and right cricothyroid (2) 
muscles in dog 22 (section 1.3.) after transection of both recurrent laryngeal nerves and the 
external branch of the left cranial laryngeal nerve. Normal motor unit potentials persisted in the 
right thyroarytenoid muscle until transection of the external branch of the right cranial laryngeal 
nerve (arrow), which caused immediate electrical silence in both muscles.

thyroarytenoid muscles (simultaneous recordings). After transection of the right 
recurrent laryngeal nerve normal motor unit potentials were still recorded in the right 
thyroarytenoid muscle (Fig. 5), but transection of the external branch of the right 
cranial laryngeal nerve caused immediate electrical silence in both the right 
thyroarytenoid and right cricothyroid muscles (simultaneous recordings) (Fig. 6).

Dog 23. Normal motor unit potentials were still recorded in the left ventricular muscle 
after transection of the left recurrent laryngeal nerve, but transection of the right 
recurrent laryngeal nerve caused immediate electrical silence (Fig. 7). After transection 
of both recurrent laryngeal nerves spontaneous normal motor unit potentials were still 
recorded in the left and right thyroarytenoid muscles. Transection of the external 
branch of the left cranial laryngeal nerve caused immediate electrical silence in the left 
thyroarytenoid and left cricothyroid muscles (simultaneous recordings) (Fig. 8). 
Transection of the external branch of the right cranial laryngeal nerve caused 
immediate electrical silence in the right thyroarytenoid and right cricothyroid muscles 
(simultaneous recordings).

18
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Fig. 7 Electromyographic recordings from the left ventricular (1) and left cricothyroid (2) muscles in 
dog 23 (section 1.3.) after transection of the left recurrent laryngeal nerve. Normal motor unit 
potentials persisted in the left ventricular muscle until transection of the right recurrent 
laryngeal nerve (arrow). Activity continued in the left cricothyroid muscle. Note that transection 
did not produce a stimulus in the left cricothyroid muscle.

I luL-ilu-i-- r-rÉJBli
PW* , BW

300>jV L

Fig. 8 Electromyographic recordings from the left thyroarytenoid (1) and left cricothyroid (2) muscles 
in dog 23 (section 1.3.) after transection of both recurrent laryngeal nerves. Normal motor unit 
potentials persisted in the left thyroarytenoid muscles until transection of the external branch of 
the left cranial laryngeal nerve (arrow), which caused immediate electrical silence in both 
muscles.
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1.3.3. Discussion

The phenomenon of persistent motor unit potentials in apparently paralyzed intrinsic 
laryngeal muscles was observed by Faaborg-Andersen (1957), Faaborg-Andersen and 
Munk Jensen (1964), Hara (1957), Dedo and Ogura (1965) and Miehlke et al. (1973). 
Faaborg-Andersen (1957) concluded that partial denervation of the recurrent laryngeal 
nerve was the underlying cause of this finding. Dedo and Ogura (1965) eliminated the 
motor unit potentials which persisted in the thyroarytenoid muscles of ten dogs after 
resection of the ipsilateral recurrent laryngeal nerves by resection of the external 
branch of the ipsilateral superior (cranial) laryngeal nerve. Dedo and Hall (1969) and 
Dedo (1970) later suggested that the finding of persistent motor unit action potentials in 
the studies of Faaborg-Andersen (1957) and Faaborg-Andersen and Munk Jensen 
(1964) was probably an artefact caused by the use of unipolar electrodes. However, our 
finding of persistent motor unit potentials with bipolar needle electrodes does not 
support his explanation. Moreover, the variability of the pattern of supplementary 
innervation contradicts the possibility of an artefact, such as ’’cross-talk”, which should 
be consistent. A special remark about the placement of the bipolar needle electrodes in 
the muscle is pertinent: the first placement of the needle did not always result in the 
recording of clear stimulation potentials during stimulation of the supplementary nerve 
or of persistent motor unit action potentials after transection of the main supply, but 
definite potentials were often obtained after slight repositioning of the needle. Hence 
the needle was always repositioned two or more times before negative results were 
accepted.

In our studies particular attention was given to the innervation of the dorsal 
cricoarytenoid muscles, which are of principal functional importance in the dog. The 
abduction of the vocal cords and arytenoid cartilages is essential for normal respiration, 
while the dog is not seriously handicapped by defects in phonation.

The persistence of motor unit potentials in intrinsic laryngeal muscles after transection 
of the ipsilateral recurrent laryngeal nerve indicated the existence of one or more 
additional pathways of motor nerve supply. In the long-term experiments the finding of 
amputation neuromas in histological sections of the site of the transected recurrent 
laryngeal nerve contradicted the possibility of reinnervation of the laryngeal muscles by 
the ipsilateral recurrent laryngeal nerve. The specificity of the persistent motor unit 
potentials was shown by their synchronous occurrence within the normal activity period 
in the muscles during inspiration and expiration.

The number of persistent motor unit potentials in the electromyographic recordings 
from intrinsic laryngeal muscles whose main nerve supply had been interrupted was 
often considerable, relative to the number of motor unit potentials in muscles whose 
main nerve supply was intact. However, in only one dog was there clear evidence that 
the supplementary innervation was functionally effective: the abduction of the vocal 
cord was diminished but not interrupted by transection of the ipsilateral recurrent
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laryngeal nerve. Immobility of the cord then occurred immediately upon transection of 
the external branch of the ipsilateral cranial laryngeal nerve.

A pathway for crossing-over of recurrent laryngeal nerve fibres was indicated by both 
the disappearance of stimulation potentials in the contralateral dorsal cricoarytenoid 
muscles after midsagittal splitting of the dorsal laryngeal wall and the finding of 
transverse nerve fibres in histologic sections of the median part of the dorsal side of the 
cricoid cartilage.

Supplementary innervation was indicated histologically both by the finding of large 
numbers of normal muscle fibres in sections of ipsilateral laryngeal muscles 3-9 months 
after recurrent laryngeal nerve resection and by the simultaneous finding of a few 
atrophic fibres in the contralateral laryngeal muscles.

The combined results of all three experiments led to the following conclusions about 
the innervation of the intrinsic laryngeal muscles in the dog:
1. The classical description of the innervation of the larynx represents the principal 

innervation and is a constant finding.
2. Supplementary innervation occurs frequently in several intrinsic laryngeal muscles 

and is provided by the recurrent laryngeal nerves and the external branches of the 
cranial laryngeal nerves. The pattern varies from dog to dog.

3. The supplementary innervation is of substantial importance in electromyographic 
recordings in dogs. The finding of normal action potentials in a supposedly 
denervated intrinsic laryngeal muscle does not necessarily prove that a presumedly 
damaged or transected nerve remained partially intact.

4. The finding of normal motor unit potentials in laryngeal muscles after denervation 
does not indicate functional capability.
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CHAPTER 2

SPONTANEOUS LARYNGEAL PARALYSIS IN YOUNG BOUVIERS: A 
STUDY IN 105 AFFECTED BOUVIERS

The results of these studies were published in the Journal of the American Animal 
Hospital Association 14: 714-720, 1978 (AJ. Venker-van Haagen, W. Hartman, and
S.A. Goedegebuure).

2.1. Patients’ histories and clinical signs

Between January, 1972 and January, 1978, we studied 105 Bouviers (78 males and 27 
females) with spontaneous laryngeal paralysis. The ages of the affected Bouviers at the 
time of the first examination varied from four months to seven years, but 77 of the 105 
were four to eight months of age.

The Bouviers were presented for two leading complaints: decreasing endurance and 
noisy breathing. Some dogs had gone through periods of severe respiratory distress 
associated with cyanosis and vomiting. The onset of the clinical signs, if known and 
recorded in the history, was at four to six months of age, and the signs were progressive 
in frequency and character. In all Bouviers the laryngeal stridor could be heard clearly 
and continuously.

Clinical examination and hospital admission often constituted a severe enough stress to 
necessitate immediate intubation, followed by tracheostomy. On pharyngeal 
examination pharyngitis and tonsillitis were consistent findings. Three dogs exhibited a 
bilateral lack of flexion of the tarsal joints.

2.2 Examination of the larynx: laryngoscopy, electromyography and histology

2.2.1. Materials and Methods 

Laryngoscopy:

Laryngoscopy was performed in all 105 Bouviers with a history of increasing loss of 
endurance, laryngeal stridor and dyspnea. With the dog in a sitting position, sodium 
thiopental was administered intravenously just until there was loss of resistance to 
opening the mouth and the laryngeal movements were then observed via the 
laryngoscope. If necessary, lidocaine spray* (rather than additional sodium thiopental) 
was used to control reflex swallowing.

* Leosresin, L0vens Kemiske Fabrik, Ballerup, Denmark.
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Electromyography:

In 40 Bouviers electromyographic recordings were made from the intrinsic laryngeal 
muscles. If the dog was in severe dyspnea a tracheostomy was performed and a tracheal 
cannula was inserted on the day before the recordings.

The recordings were made with the electromyographic equipment and electrodes 
described in 1.3.1.

After an initial dose of sodium thiopental the dog was placed in dorsal recumbency and 
lidocaine spray was applied to the mucous membranes of the pharynx and larynx. The 
needle electrode was introduced orally and its tip was inserted through the laryngeal 
mucosa into the intrinsic laryngeal muscles, one-by-one (Fig. 3). During the 
electromyographic recordings the anesthesia was maintained at a level at which the dog 
did not resist the opening of the mouth and the placing of the needle electrode, but at 
which some spontaneous movements of the vocal cords, if present, could be observed.

In 40 dogs recordings were made from the left and right dorsal cricoarytenoid muscles. 
In 34 dogs recordings were also made from the left and right thyroarytenoid and the left 
and right ventricular muscles and in 8 dogs recordings were made from all of the above 
muscles as well as from the left and right cricothyroid muscles. The diagnosis of 
denervation was based on the observation of denervation potentials (fibrillation and/or 
positive waves) and/or pseudomyotonia (Buchthal, 1957, Ricker and Meinck, 1972; 
Ludin, 1977).

Histology:
In 53 Bouviers a biopsy of the left dorsal cricoarytenoid muscle was obtained during the 
surgical procedure for lateral fixation of the arytenoid cartilage (Harvey and Venker- 
van Haagen, 1975). In 48 cases the biopsy specimen was fixed in 4% nutral buffered 
formaldehyde and in five it was directly frozen in isopentane chilled to the coagulation 
point with liquid nitrogen. Seven dogs were available for autopsy. In these, all intrinsic 
laryngeal muscles and the recurrent laryngeal and vagal nerves were removed for 
histologic examination. All muscles were cut longitudinally and transversely. In five 
cases they were fixed in 4% neutral buffered formaldehyde and in two they were frozen 
in isopentane cooled by liquid nitrogen. In two cases the entire vagus and recurrent 
laryngeal nerves, and in five cases multiple portions of these nerves, were fixed in 
formol calcium acetate. Paraffin-embedded sections were stained with haematoxylin- 
eosin, Gomori’s trichrome, and phosphotungstic acid-haematoxylin. Frozen sections 
were stained with haematoxylin-eosin, the periodic acid-Schiff reaction and three 
enzyme-histochemical techniques: lactate dehydrogenase, calcium-activated adenosine 
triphosphatase (pH 9.4) and alpha-glucan phosphocyclase. The nerves were stained 
with haematoxylin-eosin, Gomori’s trichrome and Luxol fast blue B-Holmes’ silver 
nitrate.
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Fig. 9 Electromyogram showing normal action 
potentials, during expiration, in the nor
mal left ventricular muscle of an eight- 
month-old Bouvier. Paper speed 5 
cm/sec, sweep speed 10 msec/div, ampli
tude 200 gV/div.

Fig. 10 Electromyogram showing denervation 
in the left ventricular muscle of an 
eight-month-old Bouvier. Paper speed 5 
cm/sec, sweep speed 10 msec/div, am
plitude 200 gV/div.
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Fig. 11 Electromyogram showing pseudomyo
tonia in the right ventricular muscle of a 
six-month-old Bouvier. Paper speed 5 
cm/sec, sweep speed 10 msec/div, am
plitude 200 gV/div.

Fig. 12 Electromyogram showing normal ac
tivity together with denervation in the 
left thyroarytenoid muscle of a six- 
month-old Bouvier. Paper speed 5 
cm/sec, sweep speed 10 msec/div, am
plitude 200 gV/div.
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2.2.2. Results

Laryngoscopy.

Twenty-eight of the 105 affected Bouviers had bilateral immobility of the vocal cords. 
In 71 there was immobility of the left vocal cord and moderate abduction of the right 
vocal cord on inspiration, in three there was slight motion of both vocal cords, and in 
three there was clear abduction of both vocal cords on inspiration. In all 105 dogs there 
were signs of inflammation of the mucous membranes of the larynx.

Electromyography:

The results of electromyography and laryngoscopy were always in agreement, in that 
clear abduction was observed when a normal electromyographic recording (Fig. 9) was 
obtained from the dorsal cricoarytenoid muscle. Of the 34 Bouviers in which the right 
and left thyroarytenoid, ventricular and dorsal cricoarytenoid muscles were examined, 
14 had denervation potentials in all of these muscles and all 34 dogs had denervation 
potentials (Figs. 10 and 11) in at least one muscle. Of the 40 Bouviers in which the right 
and left dorsal cricoarytenoid muscles were examined, 25 had denervation potentials in 
both muscles and in only three dogs were both abductors normal. Thus there was no 
single pattern of denervation but rather various patterns of normal and denervated 
abductor muscles on both sides. In 35 muscles both normal action potentials and 
denervation potentials were recorded simultaneously (Fig. 12). None of these muscles 
produced normal abduction or adduction during laryngoscopic examination.

In all dogs there were normal motor unit potentials in both cricothyroid muscles during 
expiration. In the three dogs with lack of flexion in the tarsal joints, denervation 
potentials were recorded from the cranial tibial muscles.

Histology:

In the 53 biopsies of the left dorsal cricoarytenoid muscle, the most characteristic 
lesions were found in transverse sections. These revealed angular fibres of smaller 
diameter, occurring singly, in groups, or occupying entire fascicles (Fig. 13). The 
reduction in diameter varied from slight to severe, from dog to dog. In all cases some 
fibres were hypertrophied. In longitudinal sections the cross-striations of both atrophic 
and hypertrophic fibres were normal. There was an increase in the number of 
sarcolemmic nuclei in the atrophic fibres and these were small and hyperchromatic. In 
most cases there were ringed fibres (fig. 14), and occasionally fibres with sarcoplasmic 
masses. Ringed fibres were characterized by abnormally oriented myofibrils crossing 
through the body of the muscle fiber, producing a variety of cross-sectional formations, 
including the figure eight. Only in these fibres was there an increase in the number of 
internal nuclei. The sarcoplasmic masses (large quantities sarcoplasm at the periphery 
of fibres) contained large vesicular nuclei. Very few target fibres were seen and 
inflammatory response was limited to lymphocytic infiltration in some cases. An
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Fig. 13 Biopsy of the left dorsal cricoarytenoid muscle from a six-month-old Bouvier. There are large 
and small groups of small, angular, fibres between normal and hypertrophied fibres. 
Endomysial fibrosis is seen mainly on the left side (Gomori’s trichrome stain, x 40).

Fig. 14 Biopsy of the left dorsal cricoarytenoid muscle from an eight-month-old Bouvier. Atrophied 
fibres are seen between normal muscle fibres. Note the ringed fibre at the lower left (H.E. stain, 
x 160).
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increase in perimysial and endomysial connective and fatty tissue was observed in about 
one-fourth of the biopsies. In a few cases there was degeneration of individual fibres, 
marked by hyalinisation and sometimes accompanied by phagocytosis. Except for the 
presence of ringed fibres and sarcoplasmic masses there was usually no evidence of 
regeneration. When intramuscular nerve branches were present they showed loss of 
myelinated fibres and an increase in endoneural connective tissue.

The histochemical methods revealed that type I and type II fibres were diminished in 
diameter. In one case type grouping was present and in two cases it was no longer 
possible to differentiate between type I and type II fibres. The histological feature^ r' ail 
individual intrinsic laryngeal muscles of the autopsied dogs were similar to those of the 
biopsies. The severity and the extent of the atrophy varied from dog to dog and from 
muscle to muscle. In five dogs the lesions were equivalent bilaterally and in two they 
were more serious on the left side. The relative number of hypertrophied fibres was 
greater in older than in younger dogs.

The occurrence of numerous digestive chambers in the myelin sheaths was the most 
notable feature in both the left and right recurrent laryngeal nerves (Fig. 15). There was 
disintegration of axons in the digestive chambers and fragments of axons were often

Fig. 15 Left recurrent laryngeal nerve from a six-month-old Bouvier. Note the numerous digestive
chambers, the endoneural fibrosis, and the increase in number of Schwann cells (Gomori’s
trichrome stain, x 160).
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visible. There was an increase in endoneural connective tissue and in the number of 
Schwann cells. All these abnormalities were present in the entire length of the nerve. In 
the vagus nerve, only a few digestive chambers were observed in otherwise normal 
nerve tissue. Macroscopically and microscopically there were no signs of traumatic 
lesions surrounding the vagus or recurrent laryngeal nerves. In the lamina propria of the 
larynx there was a moderate lymphocytic infiltration.

2.2.3. Discussion

The clinical characteristics of this disorder were mainly due to dysfunction of the 
Wynneal abductors (dorsal cricoarytenoid muscles). Abductor dysfunction could be 
diagnosed accurately by clinical signs and laryngoscopy alone, provided that 
laryngoscopy was carried out under very light anesthesia Total or partial laryngea 
adductor paralysis alone could be subclinical, since the dog s vo.ce ,s mostly evaluated 
by its loudness and not by its pitch. However, among these patients there were three 
with adductor paralysis alone which were admitted because of respiratory distress One 
of these three was a „„e-and-one-half-year-old dog that d,d not have a laryngeal stndor 
and whose respiratory problems disappeared after tonsillectomy; one had only a slight 
stridor with extreme exertion, and the other was a three-year-old dog which had a 
stridor, severe laryngitis, and no abduction on either side, due to fixation of the 
cricoarytenoid articulations. The most remarkable findings were provided by 
electromyographic recordings. The finding ot denervation potentials in most abductor 
muscles was expected, but we did not anticipate the coexistence of normal motor unit 
potentials and denervation potentials, often m the same muscle. These were found 
either unilaterally or bilaterally (but not symmetrically).

The finding of normal motor unit potentials in supposedly denervated muscles was 
investigated by experimental studies of the innervation of the intrinsic laryngeal muscles 
in 23 dogs (1.3). The results of electromyographic recordings of nerve stimulation 
studies confirmed the classic description of laryngeal innervation, but also revealed a 
quite variable supplementary innervation. The persistence of motor unit potentials in 
intrinsic laryngeal muscles after transection of the ipsilateral recurrent laryngeal nerve 
also indicated the existence of one or more additional pathways of motor nerve supply. 
The specificity of the persistent motor unit potentials was shown by their synchronous 
occurrence within the normal activity period of the muscles during inspiration and 
expiration. However, in long-term experiments in which one of the recurrent laryngeal 
nerves was resected, normal motor unit potentials alone were always recorded from the 
contralateral intrinsic laryngeal muscles. These findings were important to the 
interpretation of the electromyographic findings in the Bouviers: a unilateral recurrent 
laryngeal nerve paralysis could not explain the finding of denervation potentials 
bilaterally. The conclusion must be that in most Bouviers the laryngeal innervation was 
partially destroyed on both sides. These findings together with the progressive character
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of the disease indicated in the case histories strongly suggested a degenerative disease 
rather than traumatic injury to the recurrent laryngeal nerves.

Histological examination of all 53 biopsy specimens from the left dorsal cricoarytenoid 
muscles and all of the intrinsic laryngeal muscles of the seven dogs in which necropsies 
were performed revealed changes characteristic of denervation atrophy. The constant 
finding of small angular fibres together with an increase in the number of sarcolemmic 
nuclei has been described in denervation atrophy in both man and animals (Innes and 
Saunders, 1962; Bethlem, 1970; Dubowitz and Brooke, 1973; Hughes, 1974). The 
findings of abundant digestive chambers, axon fragmentation, endoneural fibrosis, and 
Schwann cell proliferation in the recurrent laryngeal nerves were indicative of 
secondary or Wallerian degeneration (Innes and Saunders, 1962; Blackwood and 
Corsellis, 1976). The occurrence of Wallerian degeneration in both the left and right 
recurrent laryngeal nerves and its occurrence throughout the length of these nerves 
strongly indicated that the primary lesion was in the nerve cell bodies.

The severity and extent of atrophy of muscle fibres appeared to be related to the 
severity of the degeneration of the motor nerves, but there was no apparent correlation 
with either the age of the dog or the duration of the disease. There was also no apparent 
correlation between the amount of endomysial connective and fatty tissue and the 
duration of clinical signs. The hypertrophy of muscle fibres which was observed in most 
cases was considered to be a compensatory change and is a usual finding in partially 
denervated muscle (Bethlem, 1970; Dubowitz and Brooke, 1973; Hughes, 1974). Some 
degenerated fibres are also usually found in denervated muscles (Bethlem, 1970 
Dubowitz and Brooke, 1973; Hughes, 1974).

The significance of the ringed fibres and sarcoplasmic masses in nearly all cases is 
uncertain. Bethlem and van Wijngaarden (1963) found ringed fibres and/or 
sarcoplasmic masses in normal subjects, especially in those muscles which do not have 
their origin and insertion in bone, and the intrinsic laryngeal muscles are in this 
category. In muscles which have their origin and insertion in bone, these changes are 
especially found in such diseases as dystrophia myotonica and muscular dystrophy 
(Bethlem, 1970; Dobowitz and Brooke, 1973). However, such fibres are not 
pathognomonic for these diseases but also occur in neurogenic atrophy and in muscles 
regenerating after trauma (Dubowitz and Brooke, 1973; Hughes, 1974). In spite of the 
absence of other features of regeneration, such as basophilic fibres with large vesicular 
nuclei, the occurrence of ringed fibres and sarcoplasmic masses in the laryngeal muscles 
of the Bouviers may well have been due to regeneration. This could be explained by the 
supplementary innervation demonstrated in our experimental studies. There was no 
essential difference in histopathology between muscles which had and those which did 
not have normal motor unit potentials occurring together with denervation potentials 
on electromyographic recordings.

Hereditary transmission of the disease was suspected and hence we undertook an
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examination of pedigrees. The first 22 affected dogs proved to have close genetic 
relationships and 15 of them had the same father but different mothers. Further 
examination of pedigrees was hampered by the great growth in popularity of the breed, 
the less clear and less accessable records of descent resulting from the population 
explosion, and professed uninterest in the disease by the breeders.

Hereditary or familial vocal cord abductor paralysis was described in man by Plott 
(1964), Watters and Fitch (1973), Gacek (1976) and Bollinger (1979). These authors all 
presented cases of familial laryngeal abductor paralysis. Plott described four brothers 
and a male cousin, and Gacek described a father and two sons. In the first two reports 
the disease was present at birth, but in Gacek s patients its onset was at six months to 
nine years after birth. In the latter there was also a strong association with the loss of 
certain other motor neurons, resulting in a foot drop and the absence of tendon reflexes 
in both the lower and upper extremities, and Hollinger reported two human cases, a boy 
and his mother, with Charcot-Marie-Tooth disease and bilateral vocal cord abductor 
paralysis. Among our Bouvier patients with laryngeal paralysis we found three which 
also had a bilateral cranial tibial muscle denervation causing foot drop. Two of these 
dogs were related (mother and son) and the third, a male, was not known to be related 
to them. In the aforementioned cases of hereditary laryngeal abductor paralysis 
described in man, electromyography of the laryngeal muscles was not performed and 
diagnosis was made by laryngoscopy. The cause of the disease was presumed to be a 
primary neural degeneration, but no histological evidence was mentioned.

Laryngeal paralysis in these Bouviers almost always resulted in severe dyspnea, which 
could be fatal without surgical intervention. Since this intervention resulted in a 
permanently opened glottis (Harvey and Venker-van Haagen, 1975) and hence did not 
constitute a real cure (Venker-van Haagen, 1980), further studies of the disease, its 
hereditary transmission and the origin and nature of the neuronal lesions were

undertaken.
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CHAPTER 3

INVESTIGATIONS IN A FAMILY OF 22 BOUVIERS AND 13 CROSSBRED 
BOUVIERS

3.1. The pedigree

The family in which these studies were undertaken consisted of 22 Bouviers and 13 
crossbred Bouviers.

Two Bouviers with laryngeal paralysis, two and three years of age, were mated to set up 
a family for this study (P generation in Fig. 16). The pedigree of the male was available 
but that of the female was not and hence the degree of ancestral relationship between 
the two was unknown. The occurrence of laryngeal paralysis in ancestors or siblings of 
either of these two dogs was also unknown.

The offspring of the mating (the Fi generation) consisted of four males and two females. 
A second generation (the F2 generation) resulted from mating of the sire with one of his 
daughters and the dam with one of her sons and consisted of nine males and five 
females. Two female Bouviers of the F2 generation were mated with healthy three-year- 
old male Greyhounds (full sibs). The crossbred F3 generation consisted of four males 
and nine females.

GreyhoundsGreyhounds
9 1 2 3 4 5 6 8 10 11 12 13 V

, iiuiuu iiii
10 11 12 13

] Male without laryngeal paralysis 

I Male with laryngeal paralysis 

^ Female with laryngeal paralysis

Fig. 16 Results of mating Bouviers with laryngeal paralysis.
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3.2. Case histories and clinical signs

The P generation:
The male was sent to the clinic at the age of six months with a history of stridorous 
respiration, panting upon the slightest exercise and inadequate endurance.

The dog had a severe laryngeal stridor and was panting almost continuously because of 
the excitement due to transport to the clinic. There was neither severe dyspnea nor 
cyanosis. The breeder donated the dog to contribute to further studies of laryngeal

paralysis in Bouviers.

Further clinical examinations were only carried out three months later, when the dog 
had lost its excessively aggressive attitude. At that time the dog still had a laryngeal 
stridor and began panting almost immediately upon the least excitement or exercise. 
The dyspnea was never severe and the dog had never developed cyanosis during its stay 
in the clinic. Auscultation of the heart revealed no abnormalities. Ausculation of the 
lungs revealed normal respiratory sounds. Radiographic examination revealed a slightly 
increased density of the bronchial markings and a normal heart shadow. The
electrocardiogram was normal.

In his further life in the clinic the dog’s laryngeal stridor became less prominent and at 
the age of three years he was able to walk for one hour without difficulty. At the age of 
six years exercise had to be restricted because of the development of lameness caused 
by hip dysplasia. At the age of seven years he was adopted into family life and with 
graded daily exercise his lameness rapidly decreased and at the present he is able to 
walk for several hours. Laryngeal stridor always occurs with the least excitement or 
exercise. Coughing, with a scraping sound or tracheal cleaning, occurs several times a
day independent of feeding or drinking.

The female was referred to our clinic at the age of four months. She had had repeated 
periods of acute dyspnea, with cyanosis and vomiting during exercise or excitement. 
Also, she was unstable in the rear legs, tending to fall sidewards if pushed even slightly

or while walking in the wind.

On clinical examination this young dog s behaviour was obviously dominated by her 
laborious respiration. She had a high-pitched stridor on inspiration and expiration. The 
most striking abnormality of the rear legs was the lack of flexion of the tarsal joints 
during flexion of the stifles. While walking the dog exhibited foot drop and she avoided 
tripping over the toes by extra lifting of the stifles. Radiographic examination revealed a 
slightly increased density of the bronchial markings and a normal heart shadow.

In her further life in the clinic, the dog’s stridor and dyspnea were present continuously. 
The abnormality in the locomotion of the hindlegs became more severe. At the age of
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two years she delivered and nursed six puppies (the p! generation) and at the age of four 
she delivered and nursed four puppies (F2-l 1 to F2-14). At the age of five years laryngeal 
surgery was required to alleviate her increasing dyspnea, but on the day after surgery 
she died of acute pneumonia.

The F, generation:

The F, generation consisted of four males and two females. They developed normally 
and were weaned at the age of eight weeks. They were then vaccinated with measles 
vaccine* and at the age of three months with distemper and infectious hepatitis 
vaccine**. Between their second and fifth months of life they all had episodes of rhinitis 
with fever and mucopurulent nasal discharge which was successfully treated with 
vibramycin***. At the age of three months dogs F,-3, F,-5 and Fr6 developed a 
gradually increasing laryngeal stridor with dyspnea during exertion and excitement. 
Male F,-5 had periods of cyanosis and at the age of four months he underwent 
tracheostomy and laryngeal surgery. Male F,-3 and female Fi-4 developed increasing 
signs of foot drop. On both hindlegs the underdevelopment of the cranial tibial muscle 
resulted in prominence of the tibial crest. At the age of five months there was no further 
progression in the severity of the clinical signs of laryngeal paralysis and the dogs 
developed no other apparent clinical illnesses.

At the age of 12 months male F,-l and female F,-6 were mated with their parents. Male 
F,-l sired four puppies and female F,-6 delivered and nursed 10 puppies (F2-l to F2-10). 
Male F,-2 was euthanized at the age of 12 months, males Fr3 and F]-5 at 16 months, 
female F,-4 at 17 months, male Fj-1 at 19 months and female Fj-6 at 20 months.

The F2 generation:

The litter resulting from the mating of the sire and his daughter, Fr6, consisted of six 
males and four females. The litter resulting from the mating of the dam and her son, 
Fj-1, consisted of three males and one female.

The litter F2-l to F2-10:

These puppies developed normally and were weaned at the age of eight weeks. They 
were vaccinated as was the Fj generation. None of the dogs developed any clinical signs 
of laryngeal paralysis or foot drop and they had no other diseases. Dogs F2-3 and F2-6 to 
F2-10 were euthanized between the ages of three and four months. Females F2-2 and 
F2-4 were mated with Greyhounds when they were seventeen months af age. Female 
F2-2 delivered and nursed nine puppies and female F2-4 delivered and nursed four. 
Dogs F2-l, F2-2, F2-4 and F2-5 were euthanized at the age of two years.

* Dohyvac M, Philips Duphar Nederland B.V., Amsterdam, Holland
** Dohyvac DH, Philips Duphar Nederland B.V., Amsterdam, Holland.
*** Vibramycin, Pfizer B.V., Rotterdam, Holland.
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The litter F2-l 1 to F2-14:
These puppies also developed normally and were weaned at the age of eight weeks. 
They were vaccinated as was the F, generation. All four dogs developed a slight 
laryngeal stridor at the age of three to four months. None of them developed foot drop. 
Male F2-13 had brachygnathia. All four dogs were euthanized at the age of five months.

The F3 generation:
The litter resulting from the mating of F2-2 and one of the Greyhounds consisted of two 
males and seven females (F3-l to F3-9). The litter resulting from the mating of F2-4 and 
the other Greyhound consisted of two males and two females (F3-10 to F3-13). Both 
litters developed normally and were weaned at the age of eight weeks. They were then 
vaccinated as was the F, generation. None of these dogs developed a laryngeal stridor 
or foot drop and they had no clinical illnesses.

F -10, F -11, Fj-12 and F3-13 were euthanized at the age of ten weeks, F3-l, F3-2, F3-4 
and F3-63at 14 weeks, F3-3 and F3-5 at 20 weeks, and F3-7, F3-8 and F3-9 at 24 weeks.

3.3. Examination of the larynx : laryngoscopy and electromyography

3.3.1. Materials and Methods 

Laryngoscopy:
orfnrmpd with the dog in a sitting position for laryngoscopy alone 

Laryngoscopy was were made at the same time, with the dog in
or, when electromy | P thi0pental was administered intravenously just until there 
dorsal recumbency. mouth The laryngeal movements were then
observed the^ar^ngoscope. If necessary, lidocaine spray (rather than addibonal 

sodium thiopental) was used to control reflex swallowing.

at least once in all 22 Bouviers and 13 crossbred 
Bouviers"TnUieTp generation laryngoscopy was performed in the male at the ages of 
„rnë months 14 months, three years and four years, and m the female at the ages of four 
nine momn , and five years. In the F, generation laryngoscopy was
months, one ye , J ^ ^ of four) eight and 12 weeks and 12 months. Only
ftmal™ m'was not examined at the age of 12 months because she had just been bred. 
t u if t vsn larvngoscony was performed at four and eight weeks of age and, in

iTÄ"« months. Dogs F,l . F,.2, and F:-5 were also 

examined at the age of two years. In the F, generation laryngoscopy was performed at 

the age of eight weeks.
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Electromyography;

The recordings were made with the electromyographic equipment, electrodes and 
methods described in 2.2.1.

In all 22 Bouviers and 13 crossbred Bouviers electromyographic recordings from the 
intrinsic laryngeal muscles were made at least once. In all 35 dogs recordings from the 
cranial tibial muscles were also made at least once.

In the male of the P generation recordings were made from both (left and right) dorsal 
cricoarytenoid muscles at the age of two years. At the age of four years recordings were 
also made from both thyroarytenoid and both ventricular muscles and also from both 
cranial tibial muscles. In the female of the P generation recordings were made from 
both dorsal cricoarytenoid, lateral cricoarytenoid, thyroarytenoid and ventricular 
muscles and from both cranial tibial muscles at the age of one year. Both cranial tibial 
muscles were reexamined at the age of four years.

In the F, generation recordings were made from both dorsal cricoarytenoid, 
thyroarytenoid and ventricular muscles and also from both cranial tibial muscles at the 
ages of eight weeks, 12 weeks and 12 months, with one exception; female Fj-6 was not 
examined at the age of 12 months because she had just been bred. In male Fr5 
tracheostomy was performed on the day before the recordings at the age of 12 weeks, 
but the cannula was removed five days later. Since the dog underwent laryngeal surgery 
at that time, involving the left side of the larynx, no recordings were made from his left 
laryngeal muscles thereafter. In male Fr2 recordings were also made from both lateral 
cricoarytenoid, transverse arytenoid and cricothyroid muscles at the age of 12 months.

In the F2 generation recordings were made from both dorsal cricoarytenoid, 
thyroarytenoid, ventricular and cranial tibial muscles at the age of eight weeks. In dogs 
F2-l 1 to F2-14 recordings were made from the same laryngeal muscles at the age of five 
months. In dogs F2-l and F2-5 recordings were made from the same laryngeal muscles 
as well as from both cricothyroid muscles at the age of 18 months. In dogs F2-l, F2-2, 
F2-4 and F2-5 recordings from the same laryngeal muscles as well as both lateral 
cricoarytenoid muscles were repeated at the age of two years.

In the F3 generation recordings were made from both dorsal cricoarytenoid, 
thyroarytenoid, ventricular, lateral cricoarytenoid and cranial tibial muscles at the age 
of eight weeks.

The diagnosis of laryngeal paralysis was based on the observation of denervation 
potentials (fibrillation and/or positive waves), with or without pseudomyotonia, in at 
least one of the intrinsic laryngeal muscles. Muscles having denervation potentials were 
designated as ’’affected”.
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3.3.2. Results

Laryngoscopy:
In the sire signs of laryngitis and tonsillitis were present at every examination. On each 
occasion the left vocal fold was immobile and the right vocal fold showed slight 
abduction and adduction synchronous with respiration. In the dam signs of laryngitis 
and tonsillitis were also present at every examination. On each occasion the vocal folds 
fluttered inwards and outwards with the respiratory airflow. There was no movement 
whatever of the arytenoid cartilages. The rima glottidis was never wider than 2 mm.

In the F, generation there were no signs of laryngitis or tonsillitis at the ages of four and 
eight weeks. On both occasions all dogs had normal abduction on inspiration and 
adduction on expiration. At the age of 12 weeks all dogs had enlarged tonsils but none 
had signs of laryngitis. Male had normal abduction and adduction, synchronous 
with respiration, but males F,-3 and F,-5 showed no abduction or adduction whatever. 
Male F,-l and female Fj-4 both had no abduction and only irregular adduction on the 
left side and slight abduction and adduction, synchronous with respiration, on the right 
side. Female F,-6 showed abduction and adduction on both sides but the movements 
were irregular and were not synchronous with respiration. In each dog the 
laryngoscopic findings at one year of age were essentially identical to those observed at

12 weeks.

In the F, generation none of the dogs had stgns of laryngths or tons,11, is at the ages of 
four and eight weeks. At the age of four weeks all dogs had normal abduct,on and 
adduction, which was synchronous with respiration. At the age of e,ght weeks there was 
abduction and adduction on both "
pronounced'than^abduction^AUlwag^of five months all four dogs (F,-l 1 to Fj-14)had

enlarsed tonsüs but none had signs of laryngitis. Male F2-12 had abduction and ïïducl o the 1ft side, synchronous w,th respiration. In dogs F,I I. F,I2 and F -14 

there were no distinct movements synchronous with mspirauon and expirauom At the
„ , c 1 p 9 F -4 and F,-5 had normal abduction and adductionage of two years dogs F2-l, t2-z, auu 2

synchronous with respiration.

In the F, generation none of the dogs had signs of tonsillitis or laryngitis at the age of 
ei.ht weeks Does F.-ll. F.-I2 and F,-14 did not have abduction on inspiration but 
adduction was distinct. All other dogs had abduction and adduction synchronous with 
respiration.

Electromyography:
Of the 35 dogs in this family only male Fr2 had no denervation potentials in any of the 
recordings from the intrinsic laryngeal muscles. In each of the other dogs denervation 
potentials were recorded from one or more of the intrinsic laryngeal muscles.
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In eight dogs (the dam, male F,-3, female F,-4, female F2-4 and male F2-5, and females 
F3-2, F3-3 and F3-5) denervation potentials were also recorded from one or both cranial 
tibial muscles. In the sire denervation potentials were recorded from the left dorsal 
cricoarytenoid muscles at the ages of two and four years. At the age of four years 
denervation potentials were also recorded from both ventricular muscles. In the dam 
denervation potentials were recorded from both dorsal cricoarytenoid muscles and the 
left thyroarytenoid muscle at the age of one year.

In the Fj generation no denervation potentials were observed in recordings from the 
intrinsic laryngeal muscles of male Fj-2 and female Fj-4 at the age of eight weeks. At 
the ages of 12 weeks and one year, there were again no denervation potentials in 
recordings from the intrinsic laryngeal muscles of male F,-2. In female Fj-4 four 
laryngeal muscles were affected at the age of 12 weeks and five at the age of 12 months. 
Among the six dogs there were seven affected laryngeal muscles among a total of 36 
examined at the age of eight weeks and 25 affected laryngeal muscles among a total of 
36 examined at the age of 12 weeks. At the age of 12 weeks two of the five affected dogs 
had denervation potentials in all laryngeal muscles examined and in all five dogs there 
were affected muscles on both the left and the right side of the larynx. In three of the 
affected dogs the laryngeal muscles examined at 12 weeks were reexamined at 12 
months and the number of affected muscles had not changed.

In the F2 generation all 14 dogs had denervation potentials in at least one of the 
laryngeal muscles from which recordings were made at the age of eight weeks. Among 
the 84 laryngeal muscles which were examined 45 were affected. In dogs F2-l to F2-10 
recordings were only made at the age of eight weeks but in dogs F2-l 1 to F2-14 there 
were two more affected laryngeal muscles at the age of five months than at eight weeks 
(the results of the recordings from the lateral cricoarytenoid and the cricothyroid 
muscles not included). In dogs F2-l and F2-5 there was one more muscle affected at the 
age of 18 months than at eight weeks. At the age of two years recordings from the 
laryngeal muscles of dogs F2-l, F2-2, F2-4 and F2-5 revealed ten more affected laryngeal 
muscles than at the age of eight weeks. Moreover, in all dogs there were at least two 
more muscles affected than at the age of eight weeks (not including the lateral 
cricoarytenoid muscles).

In the F3 generation all 13 dogs had denervation potentials in at least two of the 
laryngeal muscles which were examined. One dog had denervation potentials in all of 
the laryngeal muscles which were examined. In all dogs there were affected laryngeal 
muscles on both the left and the right side of the larynx. Among the 78 laryngeal 
muscles from which recordings were made (not including the lateral cricoarytenoid 
muscles) 42 laryngeal muscles were affected at the age of eight weeks. The lateral 
cricoarytenoid muscles were affected in three dogs, in one of which the involvement 
was bilateral.
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3.4. Summary of clinical signs and results of laryngeal examinations

In this family of 22 Bouviers and 13 crossbred Bouviers only one dog, the male F,-2, was 
not affected with laryngeal paralysis.

Clinical signs of laryngeal paralysis were never observed before the age of three months.

All mf the F and F generations had normal laryngeal movements at the age of All dogs f thAe F> an^ogfen" ht weeks only one dog, female F2-3, drd not show
four weeks. g ... ^es ^t the age of three months all of the dogs of the
abduct on and adduction on both sioes. mf i * ? ,
F generation had some abnormality in the movements of the larynx, except for male 
F, generatie. generations developed no apparent clinical signs of
F,-2. The dogs in the F, and I- 8 ^ ^ ^ ^ ^ ^ ^ ^ to ljve

tagcfthanTx months. These four dogs of the F, generation all had normal abduebon 
and adduction prior to euthanasia at two years o age.

Two features of the disease revealed by electromyography are of special interest. First, 
two features o at each SUCcessive electromyographic examination, in
the'nurnber^oi^affected laryngeal muscles in all of the affected dogs in the F, and
F-erations (only »^“rtsU“ InTth^eneratil 

F, generatton). affected in the F, generat.on, 45,54%)
of 84 r fÄ"-rLion and 42 ,54%) of 78 were affected in the F,

generation.

The laryngoscopic bndtngs -c often^ r^ble than the eleetromyogmp^nnd^

Lu'eZw"enSy observed when elcetromyographte findings clearly indicated 

the presence of denervation.

3.5. Hereditary transmission of laryngeal paralysis in this family

„ , . , , . „fspented for publication in the Journal of the American
Haagen, f. Bouw and W. Hartman).

3.5.1. Materials and Methods

. i th 22 Bouviers and 13 crossbred Bouviers described
in 'T Hettromyographtc studies in these dogs are discribed in 3.3. The diagnosis of
, .i. t-ieciro y g 1 , th observation of denervation potentials in at leastlaryngeal paralysis was based on tne ooseivcu.u
one of the intrinsic laryngeal muscles.
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3.5.2. Results

The results are shown in Fig. 16. Of the six offspring of the sire-dam mating, the 
Fj generation, three males and one female had denervation potentials at the age of eight 
weeks. Denervation potentials were also present at the age of 12 weeks. One female did 
not have denervation potentials in any of the laryngeal muscles examined at the age of 
eight weeks but four of the laryngeal muscles were affected at the age of 12 weeks. 
Identical observations were made at the age of one year, all dogs but one male having 
laryngeal paralysis.

In the F2 generation all ten offspring of the sire-daughter mating and all four of the dam
son mating had denervation potentials at the age of eight weeks. Of two separate 
Bouvier-Greyhound matings (two F2 generation Bouvier females with two Greyhound 
males), all 13 offspring had denervation potentials at the age of eight weeks.

3.5.3. Conclusion

The results demonstrate that the disease is inherited as an autosomal dominant trait. 
The penetrance was 100% in the F2 and F3 generations.

3.6. Investigations on the nucleus ambiguus

3.6.1. Anatomy of the nucleus ambiguus: a review of the literature

It is now generally recognized that the nucleus ambiguus is the motor nucleus for the 
striated muscles of the pharynx, the larynx and, when striated muscles are present (as in 
the dog), the esophagus.

In the dog the motor function of the nucleus ambiguus for the intrinsic laryngeal 
muscles was investigated by Kosaka (1909). He concluded that the nucleus contained all 
of the motor neurons for the intrinsic laryngeal muscles and some for the heart. His 
conclusion was based on the phenomenon of tigrolysis in the neuron after severing its 
axon. Scentagothai (1943) studied the degeneration of the motor endplates in the 
intrinsic laryngeal muscles in dogs and cats, after producing electrolytic lesions in the 
medulla oblongata which destroyed the nucleus ambiguus. He thereby determined the 
localisation of the motor nucleus of each of the laryngeal muscles separately; all were 
situated in the nucleus ambiguus. Fürstenberg et al. (1955) studied the distribution of 
neurons in the nucleus ambiguus in monkeys, using two different techniques. The first 
consisted of observing the chromatolysis (tigrolysis) in the cells of the nucleus ambiguus 
after transection of the posterior branch of the left laryngeal nerve. The second 
technique involved locating the cells of origin in the nucleus ambiguus by direct faradic 
stimulation. The combined results of these two methods gave evidence of a rostral-to-
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caudal pattern of neurons in the nucleus ambiguus corresponding to the caudal-to- 
cranial orientation of the laryngeal muscles. Gacek (1975) studied the neuronal supply 
to each of the laryngeal muscles in the kitten by employing the technique of labeling the 
retrograde neural axoplasmic flow with the protein tracer, horseradish peroxidase He 
concluded that all laryngeal muscles were represented in the nucleus ambiguus The 
motor function of the nucleus ambiguus for the striated esophageal muscles in dogs was 
investigated by Higgs (1965).

The results of all these studies were, with the exception of the finding of motor nuclei 
for the heart (Kosaka, 1909), not essentially different from the results of comparative 
studies on the motor function of the nucleus ambiguus in other mammals (Ariens 
Kappers, 1939, 1947; Kuhlenbeck, 1975).

In man the nucleus ambiguus is described as a column of cells situated in the reticular 
formation of the medulla oblongata. The nucleus extends from the level of the 
decussation of the fibrae arcuatae internae to the level of the rostral third of the inferior 
olivary complex (Carpenter, 1976). The oral extremity of the nucleus lies among the 
cells of the nucleus parvocellularis, lateral to the nucleus gigantocellularis and medial to 
the nucleus tractus spinalis trigemini oralis. The caudal portion lies among the cells of 
the lateral part of the nucleus medulla oblongata centralis, ventromedial to the tractus 
spinalis trigemini and dorsal to the nucleus medulla oblongata lateralis (Olszewski 
1954).

According to Tomasch and Ebnessaju'ade (1961), the length of the nucleus ambiguus in 
man varies from 10.52 to 10.84 mm and Karapetyan (1961) reported a similar length of 
11 mm, but Olszewski (1954) reported it to be 16 mm.

In the dog the location of the nucleus ambiguus was described by Kosaka (1909) as 
follows (translated from German): 'The nucleus ambiguus is divided in three parts an 
upper, middle and lower part. The upper part begins at the level of the spinal end of the 
facial nucleus and the last cells of the facial nucleus are situated ventromedial to the 
first cells of the nucleus ambiguus. The upper end of the nucleus ambiguus ends on a 
somewhat higher level than the upper part of the hypoglossal nucleus. In the area where 
the upper part is developed the strongest, the nucleus consists, on transverse section of 
50- 70 cells, situated closely together. The middle part continues the upper part directly 
and there is no sharp borderline between the two parts. Following the nucleus ambiguus 
from the upper part downwards, a change in position of the nucleus in the medulla 
oblongata is observed. From an at first ventral position the nucleus shifts now in the 
middle part to a slightly more dorsal position. Twenty or more cells per transverse 
section are observed in the upper middle part and 5-15 cells in the lower middle part 
The spinal end of the middle part is often divided from the under part by an area 
without or almost without nucleus ambiguus cells. The lower part begins somewhat 
higher than the level where the central canal opens and continues downwards to the 
level where the lower end of the hypoglossal nucleus ends, or a bit below that 
Transverse section of this part reveals 10-20 cells situated closely together.”
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Beccari (1943) showed the nucleus ambiguus in a drawing of a transverse section of the 
medulla oblongata in a dog. Hoffman (1955) showed the location of the nucleus 
ambiguus in the dog in three transverse serial sections of the medulla oblongata and in a 
diagram of a sagittal section. He described the location of the nucleus as follows 
(translated from German): ’’The not always easy to border nucleus ambiguus begins 
caudally about on the level where the pyramidal crossing is maximally developed and 
slightly cranial to the beginning of the nucleus fasciculi lateralis. The position is 
dorsomedial to the nucleus fasciculi lateralis, lateral to the ventral horn rest and 
ventromedial to the ventral pole of the nucleus terminalis tractus spinalis nervi 
trigemini. The nucleus keeps this location from caudal to cranial. The length is about 
5.5 mm and the cell column’s width is very variable.”

According to Karapetyan (1961), the length of the nucleus ambiguus in dogs is 5-6 mm. 
Singer (1962) shows the position of the nucleus ambiguus in dogs in six photographic 
plates of transverse sections and three plates of sagittal sections of the medulla 
oblongata.

In all mammals (Adens Kappers, 1939,1947; Beccari, 1943; Kuhlenbeck, 1975) the root 
fibres of the nucleus ambiguus run first dorsally and then bend laterally to join the other 
root fibres of the vagus and glossopharyngeus nerves, which emerge on the lateral 
surface of the medulla oblongata.

In man, the cells of the nucleus ambiguus are discribed as large, somewhat elongated, 
multipolar neurons containing discrete, geometrically-shaped Nissl granules (Olszewski, 
1954). Blinkov (1968) mentioned that in addition to multipolar cells, there are also 
fusiform and round cells.

In the dog the cytology of the nucleus ambiguus was described by Hoffman (1955). In 
addition to multipolar, polygonal cells with clear Nissl granules, he also found spindle- 
shaped cells. In the multipolar classic motor cells he found the Nissl granules to be 
especially large where axons and dendrites were branching. In the central part of the 
cell most granules were of ’’normal” size, but there were smaller granules among them. 
The nucleus was large and round and was in a central position. The circle around the 
nucleolus was distinct. The longest linear dimension of the cells ranged from 40 to 80 
urn, with an average of 55 urn. The shortest linear dimension of the cells was 13-25 um, 
with an average of 20 um. The linear dimension of the cell nucleus was 12-20 um, with 
an average of 16 um, and of the nucleolus 3.2-6 um, with an average of 4 um.

Karapetyan studied six nuclei ambiguus and reported that the number of cells per 
nucleus varied from 380 to 1620, with a mean of 1005. The cells were multipolar (53- 
55%), fusiform (17-22%) or round (25-28%).
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3.6.2. Anatomy of the nucleus ambiguus in five unaffected dogs

3.6.2.1. Materials and Methods

Dogs:
The five dogs used in this study consisted of two male Bouviers, two female Bouviers 
and one female German shepherd. One male Bouvier was male F,-2 of the F 
generation. The pedigrees of the other three (dogs N-l, N-2 and N-3) were not available 
but their appearance did not suggest a close relationship. All dogs were between about 
eight months and two years of age and they weighed 20 to 30 kg. Electromyographic 
recordings of the intrinsic laryngeal muscles were made in each of these dogs and no 
denervation potentials were observed.

The dogs were premedicated with methadon* (1 mg/kg), droperidol** (1 mg/kg) and 
atropine*** (0.1 mg/kg). One hour after premedication the dog was anesthetized with 
sodium thiopental intravenously and was intubated with an endotracheal tube 
Anesthesia was maintained by inhalation of halothane, nitrous oxide and oxygen 
Respiration frequency and volume were controlled by artificial ventilation. Saline 
solution (0.9% NaCl) was administered intravenously at a rate of 6 ml/min 
Heparin**** (20001.U.) was administered intravenously at the start of the infusion

Thoracotomy was performed by the transsternal approach. All bleeding was carefully 
controlled by ligation or cauterization. The left and right intrathoracic artery and vein 
were ligated and the mediastinum was dissected from the sternum to fully expose the 
pericardium and the major vessels. An umbilical band ligature was placed around the 
thymus and its vessels. The pericardium was opened by a ventral incision to expose the 
heart, the termination of the cranial vena cava and the ascending aorta. These two 
vessels were carefully freed from surrounding tissue and umbilical bands were placed 
around them. The dog was then killed by administering triothal sodium***** 
intravenously. The left ventricle was opened by a 1-cm incision in the apex. A straight 
metal catheter, 20 cm long and 0.5 cm internal diameter with a ringed tip, through 
which 0.9% saline was already flowing, was introduced through the left ventricle into 
the aorta. The catheter was positioned so that its tip was just within the ascending aorta 
and was secured by the previously placed umbilical band.

The ligature was made firm enough to prevent accidental movement of the catheter or 
leakage of perfusion fluid. Umbilical band ligatures were placed around the thoracic 
aorta, the caudal vena cava and the hilus of the left and the right lung. The right auricle

*

**

***

****
*****

loron, Gist-Brocades, Farmaca Nederland B.V., Rijswijk, Holland, 
tydrobenzperidol, Janssen Pharraaceutica N.V., Beerse, Belgium, 
opine Sulfas, Brocacef B.V., Maarssen, Holland, 
omboliquine, Organon, Oss, Holland.
otal, Gist-Brocades, Farmaca Nederland B.V., Rijswijk, Holland.
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was opened by a 1-cm incision and a soft rubber catheter, 0.75 cm internal diameter 
with an inflatable cuff, was inserted into the cranial vena cava. The cuff was inflated and 
the catheter was secured by the previously placed umbilical ligature. Blood was drained 
from this catheter by gravity. The left and right axillary arteries and veins were ligated 
and the flow of perfusion fluid was increased to a rate of about 30 ml/min. Additional 
heparin (3000 I.U.) was added to the first 1000 ml of fluid. The saline perfusion was 
continued until the effluent from the cranial vena cava was clear, this usually requiring 4 
to 6 liters of saline. The perfusion was then changed to 4% neutral buffered 
formaldehyde. Perfusion with formaldehyde was continued until the soft tissues of the 
head (ears, lips, tongue) were well fixed, this usually requiring 3 to 6 liters of 
formaldehyde solution. The head was removed by separating between the second and 
the third cervical vertebrae. After removal of the skin, most of the muscles and the 
mandible, the head was immersed in 4% neutral buffered formaldehyde for about 17 
hours. The dorsal, lateral, rostral and caudal parts of the braincase and the dorsal parts 
of the first three cervical vertebrae were then carefully clipped away, the dura mater 
was removed and the entire brain and attached segment of the spinal cord was removed 
and immersed in 4% neutral buffered formaldehyde for an additional three weeks. The 
fixative was renewed once a week.

The segment of the brain stem used for histological examination was removed by 
making one transverse cut directly caudal to the trapezoid body and a second transverse 
cut directly cranial to the cranial ventral root of the first cervical nerve.

Dehydration, clearing, embedding, sectioning and Klüver-Barrera staining of the brain 
stem tissue:

After fixation, the brain stem was washed for two hours in running water. It was then 
dehydrated by immersion at successive two-day intervals in 50% ethanol, 70% ethanol, 
80% ethanol and 96% ethanol, and finally for two hours in 100% ethanol. During each 
of the two-day stages, the ethanol was changed once. After the dehydration the tissue 
was placed in benzene until transparant (about 18 hours). It was then transferred 
through two changes of melted paraffin, following which it was cooled and then stored 
at 4°C for 24 hours. Transverse sections were cut at 15 um thickness each. In the 
German shepherd the first of every twenty sections and in the Bouviers the first of every 
five sections was mounted on a previously numbered glass slide.

The sections were deparaffinized in xylol and passed through changes of ethanol from 
100 to 95%. After washing in distilled water they were placed in Luxol fast blue* at 60°C 
for 18 hours. Following this they were washed thoroughly in 96% ethanol for five 
minutes, rinsed in distilled water and then placed in lithium carbonate** until the 
differentiation between grey and white matter was evident.The differentiation was

* Solution A: 1 g Luxol fast blue, 1000 cc 96% ethanol, 5 cc 10% acetic acid.
** Solution B: 500 mg lithium carbonate, 1000 cc distilled water.

44



,m «„Ha oblongata rostral to the obex in the one-year-old German 
Fig. 17 Transverse section of the m the right nucieus ambiguus is indicated by the box

shepherd (section 3.6.2.). me ioc<u 
(Klüver-Barrera stain, x 10).

Fig. 18 Higher magnification of the right nucleus ambiguus in Fig. 17. (Klüver-Barrera stain, x 100).
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further emphasized by immersion in 70% ethanol. When the contrast was satisfactory 
the sections were washed in distilled water, counterstained in 2% gentian violet* and 
differentiated in 96% ethanol until a soft pink color was obtained. After washing well in 
100% ethanol and two changes of xylene the sections were mounted in biologic 
mounting medium**.

Histology:

The Klüver-Barrera stained sections were examined by going from rostral to caudal 
through the series. Each series of sections was examined at least three times.

Measuring procedures:

Only the series which were composed of every fifth section of the total serial cutting of 
the brain stem were used for measuring procedures. The series of sections from each 
dog was examined in a rostral-to-caudal sequence.

The total length of the nucleus ambiguus was estimated by counting the total number of 
sections between the first and last sections in which cells of this nucleus were observed. 
This number was multiplied by five times the thickness (15 gm) of one section. The 
resulting length of the nucleus ambiguus was not corrected for material lost in the 
cutting procedure.

For cell counting all sections were examined at magnifications of 100 and 200. Only the 
cells in which the nucleus and the nucleolus were observed were counted.

For measuring procedures all sections were examined at a magnification of 200. For 
each cell containing the nucleus and the nucleolus, the longest linear dimension of the 
cell body, the longest linear dimension of the nucleus and the longest linear dimension 
of the nucleolus were measured. Measurements were made with a Wild-type linear 
scale in the ocular lens of the microscope. The real size was calculated by calibrating 
the Wild linear scale with a Zeiss micrometer.

Each series of sections was examined three times. In the first two examinations the cells 
were only counted, while in the third they were both counted and measured. Only the 
results of the third examination are reported here.

3.6.2.2. Results

The motor cells of the nucleus ambiguus were distinct multipolar cells with clear Nissl

* Solution C: 20 g gentian violet, 1000 cc distilled water.
** DePeX, Gurr, Chadwellheath, Essex, England.
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Fig. 19 Transverse section of the medulla oblongata caudal to the obex in the one-year-old German 
shepherd (section 3.6.2.). The position of the right nucleus ambiguus is indicated by the box 
(Klüver-Barrera stain, x 10).

Fig. 20 Higher magnification of the right nucleus ambiguus in Fig. 19. (Klüver-Barrera stain, x 100).
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granules. They were located in the reticular formation, medial to the spinal trigeminal 
tract and nucleus, laterodorsal to the olivary nucleus, lateral to the root fibres of the 
hypoglossal nerve and ventral to the hypoglossal and dorsal vagus nuclei (Figs. 17 and 
19). The cells were situated in groups (Figs. 18 and 20), usually of two to twenty cells per 
section, but some sections contained only one or no nucleus ambiguus cells at all. 
Rostrally, the first few cells of the nucleus ambiguus were observed just caudal to the 
appearance of the first rostral root fibres and the first motor cells of the hypoglossal 
nerve. The most caudal cells of the nucleus ambiguus were observed together with the 
most caudal root fibres of the hypoglossal nerve. The length of the nucleus ambiguus 
ranged from 4.43 to 7.20mm (Table 2) and in these dogs 24 to 44% (mean 35%) of the 
total length of the nucleus was situated caudal to the obex.

Dog
total
length
(gm)

length rostral 
to obex (gm)

length caudal 
to obex (gm)

length caudal 
to obex (%)

F,-2 left 7050 4275 2775 39
right 7200 5400 1800 25

N-l left 6075 3825 2250 37
right 6750 3750 3000 44

N-2 left 5925 4500 1425 24
right 6075 4500 1575 26

N-3 left 4575 2625 1950 43
right 4425 2475 1950 44

Mean 6009 3919 2091 35

Table 2. Length and situation of the left and right nucleus ambiguus in the medulla oblongata in four 
Bouviers without laryngeal paralysis.

The cells of the nucleus ambiguus were round or elongated multipolar neurons (Fig. 21) 
whose longest linear dimension ranged from 30 to 90 gm. The longest linear dimension 
of the nuclei ranged from 18 to 21 gm and that of the nucleolus was around 3.6 gm.

The number of nucleus ambiguus cells counted (in one-fifth of the total number of serial 
sections) ranged from 169 to 295 with an average of 242 (n = 4) in the right nucleus 
ambiguus and from 233 ro 311 with an average of 283 (n = 4) in the left nucleus 
ambiguus (Table 3). The number of nucleus ambiguus cells per section ranged from 0 to 
20 with an average of 3.34 (n = 641).

Root fibres of the nucleus ambiguus were present in several of these transverse sections. 
They ran dorsally, but the subsequent lateral bending and joining with the vagus root 
fibres was not observed.
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3.6.3. Histological studies of the nucleus ambiguus in Bouviers with laryngeal paralysis

3.6.3.1. Materials and Methods 

Dogs:

The histology of the nucleus ambiguus was studied in 20 Bouviers with laryngeal 
paralysis. In the P generation, only the brain stem of the female was examined, when 
she died following laryngeal surgery at the age of five years. In the F, and 
F2 generations, the brain stem of each dog was removed following euthanasia and 
fixation of the brain by perfusion in situ. In the F] generation, males F,-3 and F,-5 
were euthanized at 16 months of age, female F,-4 at 17 months, male F[-l at 
19 months and female F^ó at 20 months, In the F2 generations, dogs F2-3 and 
F2-6 to F2-10 were euthanized at three to four months of age, dogs F2-l 1 to F2-14 at five 
months and dogs F2-l, F2-2, F2-4 and F2-5 at two years.

Perfusion and fixation:
The brain stem of the dam was removed within two hours after death and was fixed by 
immersion in neutral buffered 4% formaldehyde. In all of the other dogs the brain was 
perfused and fixed by the methods described in 3.6.2.1. The fixative was always renewed 
after three days and again after ten days and the total period of fixation was at least 
three weeks. The segment of the brain stem used for histological examination was 
removed after fixation by making one transverse cut directly caudal to the trapezoid 
body and a second transverse cut directly cranial to the cranial ventral root of the first 
cervical nerve.

Dehydration, clearing, embedding, sectioning and staining:

These procedures were identical to those used in the studies of normal dogs, as 
described in 3.6.2.1, except for the following selection for staining. Klüver-Barrera stain 
was used on the first of every twenty sections in dogs Fj-1, F,-3 and F,-4, on the first of 
every ten sections in dogs F]-5 and F2-6, and on the first of every five sections in all 
other dogs. In addition, the second of every five sections in dogs F2-3 and F2-8 was 
stained by Bodian’s method for nerve fibres.

Histological examination and measuring procedures:

Each series of sections was examined at least three times, in rostral-to-caudal order.

Measuring of cell dimensions was only performed in the series composed of the first of 
every five serial sections of the brain stem. The counting and measuring procedures were 
identical to those used in the normal dogs, as discribed in 3.6.2.1.

In the first two examinations of each series of sections, the cells were only counted 
while in the third examination they were both counted and measured. Only the results 
of the third examination are reported here.
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Fig. 21 An elongated multipolar motor neuron in the nucleus ambiguus in the one-year-old German 
shepherd (section 3.6.2.). (Klüver-Barrera stain, x 400).

Fig. 22 A normal motor neuron (black arrow) and a degenerated motor neuron (white arrow) in the
nucleus ambiguus of a Bouvier with laryngeal paralysis (Klüver-Barrera stain, x 400).
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in the nucleus ambiguus in a Bouvier with laryngeal paralysis. 
Fig. 23 A degenerated motor neuron i 1 granules, the indistinct cytoplasmic membrane

Note the decrease in|slZe^"  ̂( Jüve -Barrera stain, x 400). 
and the indistinct nuclear membrane ttviu

Fig. 24 Glial reaction around a large motor neuron in the nucleus ambiguus in a Bouvier with laryngeal
paralysis (Klüver-Barrera stain, x 400).
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3.6.3.2. Results

The histological alterations in the nucleus ambiguus were not very impressive at first 
sight. However, closer examination revealed that in several sections of the series in each 
dog there were motor neurons in a state of degeneration (Figs. 22 to 24) and in every 
dog these lesions were bilateral. The degenerated neurons were characterized by less 
pronounced and/or smaller Nissl granules, an indistinct cytoplasmic membrane and an 
indistinct nuclear membrane. In these blurred cells the nucleus was often still round
shaped and of normal size. No inclusion bodies were observed, nor was there any 
evidence of accumulation of abnormal substances such as lipids.

Glial reaction was sometimes observed, principally as a proliferation of Oligodendroglia. 
In several sections there were proliferations of oligodenoroglia around and over 
degenerated large motor neurons (Fig. 24). Some of the astrocytes were swollen but an 
invasion of microglia was never observed. There were no degenerative changes 
detected in the root fibres of the nucleus ambiguus, in either the Klüver-Barrera or 
Bodian stained sections.

Initial examination also gave the general impression of a less crowded cell pattern than 
that in the dogs without laryngeal paralysis, but only in the dam was it immediately 
obvious that the nucleus ambiguus consisted of remarkably fewer cells.

320 r I left N. Ambiguus 
□ right N. Ambiguus

Dogs

Fig. 25 Number of cells in the nucleus ambiguus, counted in one of every five sections (15 gm 
thickness) of the total serial cutting of the brain stem, in four Bouviers without laryngeal 
paralysis (N-l, N-2, N-3, F1-2) and 15 Bouviers with laryngeal paralysis. Identification of the 
dogs is shown in Table 3.
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The numbers of cells in the nucleus ambiguus, counted in one-fifth of the total number 
of serial sections in each dog, are shown in Table 3 and Fig. 25. In dogs F,-6, F,-l F,-2, 
F -4 and F -5 which were comparable in age and size to the four Bouviers without 
larvneeal nlralvsis (3 6 2.1.), the number of cells in the right nucleus ambiguus ranged 
oT86 !oPU 8 Lein - 105, n = 5) and in the left from 97 to ,39 (mean - 119, „ = 5). 

In the dogs with laryngeal paralysis which were examined a, ages of three to live months 
IF 1 and F 7 to F -14) the number of cells in the right nucleus ambiguus ranged from 
89to m (mean =105 n = 9) and in the left from 73 to 130 (mean = 106, n = 9). In the 
dam, examined at the age of five years, 76 cells were counted in the right nucleus and 42 
in the left.

The lonsest linear dimension of the cells ranged from 30 to 90 gm. The longest linear1 he 1° g 18 to 21 um and that of the nucleolus was about 3.6 gm.
dimension of their nuclei was 18 to zi gm anu n

number of number of number of

Dog sex age
laryngeal
paralysis

cells 
NA left

cells
NA right

cells
NA left+right

P female F 5 years + 42 76 118
Fj-2 M 12 months — 311 295 606
Fi-6 F 20 months + 119 102 221
f2-i F 24 months + 97 118 215
Fj-2 F 24 months + 122 86 208
F2-3 F 3 months + 97 89 168
F2-4 F 24 months + 122 103 225
F2-5 M 24 months + 139 113 252
F2-7 M 3 months + 92 68 160
F2-8 M 31/, months + 113 117 230
F2-9 M 3‘/2 months + 109 100 209
f2-io M 3 months + 73 114 187
f2-ii F 5 months + 89 87 168
F2-12 M 5 months + 119 100 219
F2-13 M 5 months + 130 133 263
F2-14 M 5 months + 129 139 268

N-l F 18-24 months - 309 289 598
N-2 M 18-24 months — 281 252 533
N-3 F appr.8 months — 233 169 402

, r II ,Fip nucleus ambiguus (NA), counted in one of every five sections of the Table 3. Number of cells of )6 related Bouviers with and without laryngeal
paralyTiT^d three*unrelated Bouviers without laryngeal paralysis (nos. N-1, N-2 and N-3).
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There was no evidence of a selective loss of cells of a particular size, as is shown by the 
comparative analysis illustrated in Fig. 26.

Longest linear dimension of N.A. cells

yM
•-----• 4 dogs without larygeal paralysis
■-----a 15 dogs with larygeal paralysis

Fig. 26 Longest linear dimension of the nucleus ambiguus cells, measured in one of every five sections 
of the total serial cutting of the brain stem, in four Bouviers without laryngeal paralysis and 15 
Bouviers with laryngeal paralysis.

In the five affected dogs (F,-6, F2-l, F2-2, F2-4 and F2-5) which were comparable in age 
and size to the four Bouviers without laryngeal paralysis (3.6.2.1.), the number of 
nucleus ambiguus cells per section ranged from 0 to 8 (mean = 1.84, n = 610). The 
length of the nucleus ambiguus in these same five dogs ranged from 3.60 to 5.62 mm 
(Table 4) and from 6 to 29% (mean 16%) of the total length of the nucleus was situated 
caudal to the obex (Fig. 27).
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total

Dog
length
(gm)

length rostral 
to obex (gm)

length caudal 
to obex (gm)

length caudal 
to obex (%)

Fj-6 left 3825 2700 1125 29
right 3600 2700 900 23

F2-l left 4275 3825 450 10
right 4725 4275 450 9

F2-2 left 4725 3825 900 19
right 4275 3600 675 16

F2-4 left 4725 3600 1125 24
right 5625 4500 1125 20

F2-5 left 4950 4500 450 9
right 4725 4500 225 6

Mean 4567 3802 742 16

Table 4. Length and situation of the left and right nucleus ambiguus in the medulla oblongata in five 
Bouviers with laryngeal paralysis.

6

5

4

3

2

1

obex

1

2

3

dogs without laryngeal 
paralysis

dogs with laryngeal 
paralysis

Fig 27 Lenght and situation of the nucleus ambiguus in the medulla oblangata in relation to'te obex,
(rostral is upward in the figure) in four Bouviers without laryngeal paralysis and in five Bouviers
with laryngeal paralysis. Identification of the dogs is shown in Table 3.
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3.7. Investigations on the motor nerves and motor endplates

3.7.1. Investigations on the motor nerves

3.7.1.1. Materials and Methods 

Dogs:

The recurrent laryngeal nerves and vagus nerves were examined in the F, generation. 
These dogs were divided into four groups to permit study of the nerves in a sequence of 
ages between 10 and 24 weeks. The first group consisted of F3-10, F3-ll, F3-12and F3-I3. 
These dogs were euthanized at the age of ten weeks. The second group consisted of 
dogs F3-l, F3-2, F3-4 and F3-6, which were euthanized at the age of 14 weeks. The third 
group consisted of dogs F3-3 and F3-5, which were euthanized at the age of 20 weeks. 
The fourth group consisted of dogs F3-7, F3-8 and F3-9, which were euthanized at the 
age of 24 weeks.

Fixation and staining:

Within an hour after euthanasia the left and right recurrent laryngeal nerves and the left 
and right vagus nerves were removed and a 2-cm segment of each nerve was stretched 
and fixed to a wax plate. The plate with these specimens was placed in formol calcium 
acetate for at least two weeks. After routine processing and paraffin embedding, 
sections were cut at 6 gm, longitudinally in both vagus and recurrent laryngeal nerves 
and also transversely in the vagus nerves, and were stained with haematoxylin-eosin, 
with Gomori’s trichrome and with Luxol fast blue B-Holmes’ silver nitrate.

3.7.1.2. Results

Within each of the four groups there was a remarkable similarity in histologic findings in 
all recurrent laryngeal nerves.

In the first group (10 weeks old) no degenerative changes were observed in the 
recurrent laryngeal nerves (Fig. 28). In the second group (14 weeks old) there were 
scattered, small, digestive chambers in the myelin sheaths in each recurrent laryngeal 
nerve (Fig. 29), in the third group (20 weeks old) all recurrent laryngeal nerves 
contained chains of digestive chambers (Fig. 30) and the Holmes stain revealed 
disintegration of axons and axon fragments in the digestive chambers, indicating 
Wallerian degeneration. In the fourth group (24 weeks old) all recurrent laryngeal 
nerves contained numerous digestive chambers in the myelin sheaths (Fig. 31). The 
Holmes stain revealed disintegration of axons throughout all nerves. The Gomori’s 
trichrome stain revealed a slight focal increase in connective tissue in the endoneurium.

In the vagus nerves the recurrent nerve fibres were not distinguishable and the nerves 
appeared to be normal in all four groups (no abnormal Fibres were observed).
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Fig. 28 Recurrent laryngeal nerve in a ten-week-old crossbred Bouvier with laryngeal paral ' (section 3.7.1.2.). No degenerative changes are observed (H.E. stain, x 160). P yS1S

Fig. 29 Recurrent laryngeal nerve in a 14-week-old crossbred Bouvier with laryngeal paralysis (section 
3.7.1.2.). There are scattered small digestive chambers in the myelin sheaths (H.E. stain, x 160).
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Fig. 31 Recurrent laryngeal nerve in a 24-week-old crossbred Bouvier with laryngeal paralysis (section 
3.7.1.2.). These are numerous digestive chambers in the myelin sheaths (H.E. stain, x 160).
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3.7.2. Investigations on the motor nerve endings and endplates

3.7.2.1. Materials and methods

Dogs:
j- ..„a onHnlates in the intrinsic laryngeal muscles were studied The motor ^ (F.-2) wiLu, laryngea, para,ySls and

in one German shepherd tJ.o. ■) , . ,c a n ^ p lOanHF 1 ttin four Bouviers with laryngeal paralysis (F1-4, Fr2, F2-10 and 2 ).

, , J „ „Krönt nne vear of age and its left and right thyroarytenoid,
The German we exammed. The unaffected Bouvier!
ventricular and dorsa ventricular muscle was examined. In the affected
Fo2,wasl2montteofageand..s«.etdn ^ cricoarytenoid
Bouviers, the left and ^ th^t'e le t ïentricular muscles were studied in the 
muscles were studied m ^ M0 ™“1 ded in a|1 of these m„scles D
^reÄÄ^onths, F,.3 a, five months, F,-4 at ,7 months

and F2-2 at 24 months.

Fixation and staining:
. 1 ,„„0oi mnccles and nerves were perfused and fixed in situ

In each of these dogs t e f ,taneously wjth the perfusion and fixation of the brain 
immediately after ea , removed and immersed in 4% neutral buffered
(3.6.2.1.). The larynx wa T, uscjes were then carefully dissected and were 
formaldehyde for Sections were cut at 50 gm and 5-10
processed and embe e . , b Schofield’s silver impregnation method for
sections of each muscle were stained oy o
motor endplates (Drury and Walhngton,

3.7.2.2. Results
Both normal and abnormal nerve endings were observed in all sections of the intrinsic 
laryngeal muscles of the affected Bouviers. The histologic features of the abnormal 
nerve endings were characteristic of the changes in degeneration and regeneration 
Degeneration was especially seen in the axons of intramuscular nerves and was 
characterized by swelling and irregular staining and by breaking and beading of the 
axons. There was also distinct thinning of portions of the axons of some terminal nerves 
Regeneration was especially seen in the terminal arborizations and was mainly 
characterized by branching of the terminal axons. The branches were often irregular in 
shape, some being tapered and some being very flimsy. Moreover, subterminal and 
supraterminal sprouts could be seen and in some sections there were also sprouts on the 
main nerve trunk (Figs. 32 and 33). The presence of double endplates was striking but 
they were observed in only a few sections.
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Fig. 32 Motor endplate area in the M. ventricularis of dog F2-13. Note the rather thin terminal axon 
(a), a flimsy sprout (b), a terminal sprout (c) and the motor nerve endplate (d) (Shofield stain, x 
160).

Fig. 33 Double motor endplate in the M. ventricularis of dog Fr4 (Shofield stain, x 160).
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3.8. Discussion

The pedigree:
The mating of two dogs with laryngeal paralysis was planned in order to investigate the 
The mating g disease. Since five of the six Bouviers in the first
hereditary transmission sis hereditary transmission of the disease was
generation a ^ry g ourpose of mating the dam with a son and the sire with a
considered to be likely. for the disease in the resulting
offspring The mating of two of these inbred offspring with Greyhounds, a breed having 
no re atfon to the Bouvier and no history of laryngeal paralysis, was undertaken in order 
to obtam litters which could be maximally heterozygous for the genes causing this

defect.
, • • . j lhMt the experimental breeding studies would provide both affectedIt was anticipated that the expert ^ ^ for histol ,
and unacted doS,he^.^nda| ^ th. Unexpected|yi

studies, the una 8 f h expetimental family did not haue laryngeal paralysis
and hence othe/dogThadto be used as controls for the histological studies.

Clinical signs and results of laryngeal examinations:
r 1 „„»oi rtaralvsis were never observed before the age of three

The clinical signs o g lajned by the involvement of only a relatively small 
months. This is pro y first few months of life, for, indeed, denervation
proportion of the neur0" h of eight weeks, when laryngeal abduction and
potent,als were often recoried a the ag g ^ ^ of
adduction were still normal^ Rwher^no^^_^ ^ ^ ^ ^ ^ ^ ^ ^

laryngeal functio g , ■ severai 0f the laryngeal muscles and there was
denervation tain stem. This apparent incongruity might he
considerable loss s linder which these dogs lived. They were kept in a relatively
explained by the con l l° contact with other dogs. Probably because of this
CetpedeTedTone tahe common diseases of young dogs, including tonsillitis and
uppe'Tespiratory infections. Their exercise was never strenuous, being limned to 
upper respir y indoor and outdoor pens. It seems reasonable to suppose
that1 laryngeal Inflammation and excessive panting during exercise could adversely 
affect the functional ability of the partially paralysed larynx.

The first electromyographic recordings in the dogs were performed when they were 
light weeks old However useful recordings at an earlier age might have been, the
Xx of these dogs was not large enough before that age to perm,, e ectromyographic 
larynx oi e the intnnsic iaryngeal muscles too small to allow
:Z mf ^m «aä mul separately, bu, the trauma which would be caused by

introduction of the bipolar needle electrode could have invalidated any subsequent
studies by effectively destroying the muscles.
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In the younger dogs the electromyographic examinations were only used to detect 
denervation potentials. These potentials, namely, fibrillation potentials, are unique for 
neurogenic lesions in muscles (Buchthal, 1957; Ludin, 1977). No effort was made to 
record normal action potentials except for the purpose of ascertaining that the 
recording electrode was correctly positioned within the muscle. Hence no quantitative 
data were obtained concerning the denervation of a muscle. The increased numbers of 
affected laryngeal muscles in individual dogs at successive recordings was considered to 
be a reliable parameter of the progression of the disease. This was limited to the age of 
three months, since several dogs had no unaffected laryngeal muscles remaining after 
this age. In the dog in which recordings were made at the age of two years, the 
recordings were made under light anesthesia and although normal motor unit potentials 
were recorded, reinnervation potentials (large motor unit potentials, Buchthal, 1957; 
Ludin, 1977) were not detected.

Hereditary transmission:

Since the disease was found to be inherited as an autosomal dominant trait, the 
occurrence of an unaffected dog in the Fj generation can be explained by assuming a 
homozygous recessive genotype in this individual.

The occurrence of one dog in the Fj generation with denervation potentials at three 
months of age but not at eight weeks (when denervation potentials were already present 
in all of its siblings) and differences in the number of affected laryngeal muscles in the 
dogs of the F,, the F2 and F3 generations at the age of eight weeks, might indicate that 
there is variation in the expression of the disease (Hutt, 1964; Roberts, 1978).

Investigations on the anatomy of the nucleus ambiguus:

The localization of the nucleus ambiguus in the dog’s medulla oblongata was described 
or demonstrated by several authors (Kosaka, 1909; Scentagothai, 1943; Beccari, 1943; 
Hoffman, 1955; Karapetyan, 1961; Singer, 1962). However, there were several 
discrepancies between the published descriptions and the results of our own studies of 
the nucleus ambiguus in four Bouviers and one German shepherd (3.6.2.) and these 
differences deserve some comment. Kosaka (1909) described a rostral-to-caudal 
organisation of cells into three compartments, forming together the nucleus ambiguus. 
The rostral compartment was most developed and contained 50-70 cells per section. We 
did not find this number of cells per section in any part of the nucleus ambiguus. 
Rather, our results were in agreement with the finding of 5-15 cells per section which 
Kosaka described as occurring in the lower middle part. We were also unable to 
distinguish the three compartments described Kosaka, nor were these described by any 
other investigators. Scentagothai (1943) produced lesions in the area of the nucleus 
ambiguus in the brain stems of both dogs and cats but only gave detailed descriptions of 
the results (motor endplate degeneration in the intrinsic laryngeal muscles) in cats. 
However, neither in cats nor in dogs did he produce lesions caudal to the obex. This
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makes his attempt at a quantitative study incomplete, for not only in the dogs we 
studied but also in those studied by Kosaka (1909), Hoffman (1955) and Singer (1962) a 
considerable part of the nucleus ambiguus was located caudal to the obex. In Singer’s 
atlas the nucleus ambiguus is indicated in plates, 9, 10, 11, 13, 14 and 15. The position 
indicated in plates 14 and 15 is, however, more lateral than the position of the nucleus 
ambiguus which we found in comparable sections. In the position indicated by Singer in 
the latter two plates we found a nucleus containing small cells, which we identified as 
the lateral reticular nucleus (Olszewski, 1954; Carpenter, 1976; Singer, 1962, plate 13)

The total length of the nucleus ambiguus was reported by Karapetyan (1961) to be 5-6 
mm and Hoffman gave a value of 5.5 mm. In three of our dogs (F,-2, N-l and N-2) the 
nucleus ambiguus was longer than 5.9 mm (3.6.2.2.) and the longest nucleus in our 
material was 7.05 mm (F,-2, left). The weights of the dogs Karapetyan used for his study 
were not mentioned in the abstract of his work by Blinkov (1968), but Hoffman (1955) 
used a Spitz, one Fox terrier and two Fox terrier crossbred dogs, all presumably smaller 
than Bouviers. Nevertheless, in dog N-3 in our study the length of the left nucleus 
ambiguus was 4.575 mm and that of the right was 4.425 mm and this dog (20 kg) was also 
presumably larger than the dogs Hoffman used. The work of Karapetyan mentioned by 
Blinkov (1968) could not be evaluated because the original paper was not available.

With regard to the relation of the nucleus ambiguus to the motor function of the larynx 
Kosaka (1909), Scentagothai (1943), Fürstenberg (1955) and Gacek (1975) were all in 
agreement that the motor neurons of the intrinsic laryngeal muscles are located in the 
nucleus ambiguus. However, Gacek concluded that part of the motor innervation 
originates in the retrofacial nucleus. The latter has been described (Olszewski, 1954) as a 
separate anatomical entity containing elongated and multipolar neurons. Since as 
Gacek and Olszewski agree, the nucleus ambiguus and the retrofacial nucleus are too 
widely separated in the brain stem to justify their inclusion into one nucleus, Gacek 
suggested that these two nuclei have different functions. He found that cells in the 
retrofacial nucleus were labeled following injection of horseradish peroxidase in the 
cricothyroid and posterior (dorsal) cricoarytenoid muscles and he suggested that the 
function of the retrofacial nucleus is associated with ”a complexity of functional units 
during both phases of respiration”. An alternative hypothesis can be proposed for the 
function of the retrofacial nucleus, namely, that this nucleus could contain, among 
others, the motor nuclei for the tonic postural activity of the intrinsic laryngeal muscles 
The existence of tonic postural innervation in the intrinsic laryngeal muscles was 
described by several authors (Weddel et al. 1944; Fink et al. 1956; Faaborg-Andersen 
1957; Buchthal, 1959; Kotby and Haugan, 1970 a, b; Wyke, 1974) but there is, to our 
knowledge, no published description of the localization of the y-cells responsible for this 
efferent tonic innervation. In the spinal cord the y-cells are described as being smaller 
than the somatic motor cells and being scattered among the latter in the anterior horns

(Carpenter, 1976).

The organization of the motor cells in the nucleus ambiguus according to their specific
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motor functions (abductors, adductors, pharyngeal and esophageal (in the dog) 
muscles) was investigated with regard to the intrinsic laryngeal muscles by Scentagothai 
(1943), Fürstenberg (1955) and Gacek (1975). The results of these investigations are of 
special interest to the study of neuronal loss in Bouviers with laryngeal paralysis, for the 
cricothyroid muscles were never affected in the Bouviers and hence the motor cells 
innervating these muscles can be presumed to have remained intact. Scentagothai and 
Fürstenberg both located these neurons in the rostral half of the nucleus ambiguus. This 
is in agreement with our findings that in the Bouviers with laryngeal paralysis the 
remaining motor nuclei are located in the rostral half of the nucleus, i.e., rostral to the 
obex. Flowever, Gacek concluded that the nucleus ambiguus is organized in a dorsal to 
ventral pattern, the dorsal part being associated with the expiratory function and 
containing the neurons for the adductors, while the ventral part is associated with 
inspiratory function and contains the neurons for the abductor. In Gacek’s diagram of a 
three-dimensional dorsal view of the brain stem, the neurons labeled following injection 
of horseradish peroxidase into the cricothyroid muscle are shown scattered throughout 
the nucleus ambiguus. However, the entire nucleus ambiguus is shown as being clearly 
rostral to the obex.

Histology:

The most striking finding in the nucleus ambiguus in the Bouviers with laryngeal 
paralysis was the distinctly smaller number of motor neurons, in comparison with the 
number in Bouviers without laryngeal paralysis. In each dog with laryngeal paralysis 
there were also motor neurons in the nucleus ambiguus which were in a state of 
degeneration, while degenerated cells were not found in the dogs without laryngeal 
paralysis. In addition, oligodendroglial cells in clusters over the outlines of degenerated 
large motor neurons were found exclusively in dogs with laryngeal paralysis. However, 
it has never been demonstrated conclusively that these changes invariably lead to 
definite loss of the degenerated neuron.

The signs of degeneration of motor neurons described in 3.6.3.2. differ from the 
alterations which have been described as basic reactions of the neuron to injury 
(Blackwood, 1976). They also differ from the alteration of the perikaryon in the simple 
atrophy of the ’’dying back” phenomenon, which is characterized by shrinking and 
’’sclerosis” of the perikaryon (Blackwood, 1976). This was not observed in our material. 
Transsynaptic degeneration is described as being similar to Gudden’s atrophy 
(Blackwood, 1976), which is characterized by ’’shrinkage of the cell body, loss of Nissl 
granules and dedifferentiation of the cell nucleus”. In the nucleus ambiguus of the 
affected Bouviers the shrinkage of the degenerated cells was difficult to evaluate, 
because the cell membrane was often irregular or invisible. Alterations caused by aging 
were described by Harms (1924) as being invariably associated with pigmentation of the 
perikaryon, characterized by loss of Nissl granules and decreased distinctiveness of both 
the cell membrane and the nuclear membrane. Harms further noted that the nucleus 
was often normal in size and shape and he considered regeneration of the cell to be
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nossihle if the cell nucleus was of normal size, as were the nuclei of degenerating 
neurons in our material. Phagocytes were considered to be important in the process of 
regeneration since they were presumed to remove the pigment from the neurons. More 
recent investigations have demonstrated that the number of motor neurons in motor 

i • f thP medulla oblongata remains unchanged with age and pigmentation of the „uctaofthe ""=“‘ »“3 these studies (Koningsmark, 1969; Koningsmark and
MlhT 19 0^72 and Brody, 1973; Monagle and Brody. ,974). The
Murphy, 19 > ’ neurons in the nucleus ambiguus of Bouviers with
degeneration o so mparable to the alterations attributed to aging by Harms,
laryngeal Tno pigmentation. However, the cells of the nncleus
with the excep 10 above-mentioned investigators have found not to
ambiguus are among those wmcn u
disappear with aging.

o .■ J „u^rriial cells around individual neurons is a common featureThe clustering of ° cortex and the large cells of the basal nuclei,
of the medium-size pyr of ^ anterior horns of the cord) the rT10t0r
It is rarely seen around the larf ̂  of the tral gyrus, and it is not seen around
nuclei of the brain stem o probable that Oligodendroglia multiply in
Purkinje cells and the term "satellitosis" is often used to
many forms of neur abnormal number of Oligodendroglia clustered
describe what is presume d:fficuit to be certain whether the satellites around a
about a neuron, but it is o r rtainlv six or more such cells are not infrequently
particular neuron are in exc ■ hat appear to be normal conditions (Blackwood,
seen around a sing e 'iie/J™IJff.erentiated from neuronophagia, which refers to an acute
1976). Satellitosis mus neuronal cell body by microglia (Blackwood, 1976;
process of destruction of the neurorw
Carpenter, 1976; Escourolle and Poirier, 1977).

, -1 • „i„ cmaller number of motor neurons in the nucleusNotwithstanding t e strj j paralysis and the degeneration of some of these
ambiguus of the dogs w«h la^ngealPMyude ^ ^ ^ ^ a ^ of mo(or
neurons, it *ou findings alone. However, additional findings of Wallerian
neurons on the ba larvngeal nerves and the denervation potentials in the
degeneration m the a7”® , muscles provide clear evidence of a loss of
electromyograms of the intrinsic laryiigea
motor neurons.

, u 1 d d that the lesion responsible for the loss of motor neurons occurs at a t can recurrent laryngeal nerve and the vagus nerve (1.2.).
level central to recurrent laryngeal nerve could not be identified separately
Although the fibres » f “Xe vlgus nerve and no uninterrupted root fibres of the 
in their common cou exarnined (because of their normal course in the medulla 
nucleus ambiguus c t strongiy to the cell bodies of the nucleus ambiguus
oblongata), the .vrdence pomK most a g,^ ^ ^
as the site of origin of the dise^e. ^ ^ ^ ^
lesion, t e Pr''fr<;NS h recurrent laryngeal nerves (see below) and the type of
progressive degeneration ui u.to j
degenerative changes in the motor neuron cell bodies.
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All of the present evidence strongly suggests that degeneration of motor neuron cells in 
the nucleus ambiguus leads to loss of these cells and hence that hereditary laryngeal 
paralysis in the Bouvier is caused by irreversible changes in the motor neurons.

Studies of the nucleus ambiguus were made in some dogs of the F2 generation at the 
ages of 3-5 months and in others at the age of two years. There was no evidence of a 
decrease in the number of motor neurons over this interval. This leads to the hypothesis 
that the disease is progressive in about the first half year of life (see 3.7.1.2. and below) 
and then remains stationary up to the age of two years, if not longer. This hypothesis is 
in agreement with the clinical course of the disease (3.2.), for the stridor and dyspnea 
did not increase after the age of six months in those dogs which were under observation 
for a year or longer.

There were no histological lesions in the recurrent laryngeal nerves of dogs euthanized 
at the age of ten weeks, although denervation potentials were present in 
electromyographic recordings from the intrinsic laryngeal muscles in these dogs two 
weeks earlier. Hence, the functional loss precedes the development of histological 
changes in the nerves by at least this interval. In the period from 14 weeks (3 months) to 
24 weeks (5-6 months) of age, the Wallerian degeneration in the recurrent laryngeal 
nerves was progressive. Since the two crossbred litters of the F3 generation, in which 
these studies were done, could be considered to be maximally heterozygous for the 
disease but also very similar in genotype (a supposition in accordance with the 
remarkable similarity in histological Findings in each group), the more severe 
degeneration in the recurrent laryngeal nerves in the older animals provided definite 
evidence of the progression of the disease.

The earliest sign of progressive denervation, whether caused by spinal cord or 
peripheral nerve disease, is manifested by the intramuscular motor nerves Hughes, 
1974; Harriman, 1976). The first event presumably is degeneration of the axon and its 
branches distal to the diseased site, but it is rare for these very early changes to be seen 
by light microscopy. Instead, the reaction of neighbouring healthy subterminal axons is 
paramount. They are stimulated to form sprouts from nodes of Ranvier, which then 
grow towards denervated muscle fibres and reinnervate them. Whether the stimulus 
comes from degenerated axons, denervated endplates or muscle fibres is not known, 
but it may be from all three (Harriman, 1976). This pattern of reinnervation is the early 
effect of denervation and is seen histologically in clinically unaffected muscles. If more 
than two collaterals occur regulary in the subterminal innervation, neurogenic disease 
may be assumed. Sprouting from the distal parts only of subterminal fibres and from the 
endplate complex (ultraterminal sprouting) occurs not only in denervation but also in 
myopathies (Harriman, 1976). The changes in the intrinsic laryngeal muscles in 
Bouviers with laryngeal paralysis is characteristic of denervation atrophy (2.2.2. and
2.2.3.).

In neuropathology the term degenerative disease is used for those diseases which are
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caused by an aberration in one or more genes. This implies that such diseases are 
hereditary, even though hereditary transmission has not been clearly demonstrated in 
some of the diseases to which the term is applied.

In hereditary laryngeal paralysis in Bouviers it can be concluded that the cause of the 
disease is an aberration in one or more genes and hence this is a degenerative disease. 
The genetic aberration results in degeneration of the nucleus ambiguus.

Three categories of degenerative diseases are recognized:
1. An aberrant gene causes an enzyme defect, leading to an accumulation of abnormal 

substances in the perikaryon (and sometimes also in other cells). These cells may 
partially or totally lose their function.

2. An aberrant gene causes degeneration of the neurons in a nucleus. Examples of this 
are the degeneration of the neo-siriatum in Huntington s chorea in man and the 
degeneration of the nucleus niger in Parkinson s disease. There are many other 
similar examples. It is assumed that there is a disturbance in protein synthesis in the 
specific cells which constitute these nuclei, leading to their degeneration and 
eventual disappearance.

3. An aberrant gene causes destruction of the myelin via, for example, abnormal 
myelin synthesis. Leucodystrophy in man is an example of this.

Hereditary laryngeal paralysis in Bouviers clearly belongs in the second of these 
categories and hence a defect in protein synthesis in the cells of the nucleus ambiguus 
may be presumed. Further investigation will be needed to elucidate the pathogenesis of 
the motor neuron degeneration in terms of biochemical and structural defects.

3.9. Conclusions

Among the 35 members of the family (22 Bouviers and 13 crossbred Bouviers), 34 had 
laryngeal paralysis. The essential criterion for diagnosis of laryngeal paralysis was the 
finding of denervation potentials in at least one of the intrinsic laryngeal muscles.

Clinical signs of laryngeal paralysis (stridorous breathing and dyspnea) were not always 
present nor were laryngoscopic findings always abnormal. Denervation potentials were 
always found in at least two laryngeal muscles of each dog and almost always bilaterally. 
Abductor and adductor muscles were affected. There were characteristic changes of 
both degeneration and regeneration in the nerve endings in the laryngeal muscles and 
degeneration in the axons of the intramuscular branches of the nerves. There was 
Wallerian degeneration in the left and right recurrent laryngeal nerves. In the brain 
stem there was a distinctly smaller number of motor cells in the left and right nucleus 
ambiguus than in comparable Bouviers without laryngeal paralysis, as wells as 
degeneration of motor cells and proliferation of Oligodendroglia.
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The disease was progressive, as evidenced by the increase in number of affected 
intrinsic laryngeal muscles detected by electromyographic recordings during the first 
three months of life and by the increase in degeneration of the recurrent laryngeal 
nerves of dogs examined at ages between ten and 24 weeks. The disease is inherited as 
an autosomal dominant trait. In seven of the 34 members of the family with laryngeal 
paralysis there were also denervation potentials in the cranial tibial muscles.

In summary, studies in this experimental family revealed that laryngeal paralysis in 
Bouviers is a neurogenic disease which can be further characterized according to 
Oppenheimer (1976) as a degenerative disease, for the following reasons:
1. The disease affects one or more ’’systems” of neurons in a more or less symmetrical 

pattern.
2. The disease is progressive.
3. The disease has a genetic basis.

Moreover, the histological lesions in the nucleus ambiguus can be interpreted as being 
no more than systematic loss of neurons with reactive gliosis, which Oppenheimer also 
describes as a common characteristic of the degenerative diseases.
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CHAPTER 4

DISCUSSION

The interruption of the supplementary innervation to individual intrinsic laryngeal 
muscles (1.3) never resulted in the finding of denervation potentials together with 
normal motor unit potentials in these muscles. This was important to the interpretation 
of electromyographic findings in the intrinsic laryngeal muscles of the Bouviers with 
laryngeal paralysis: a unilateral recurrent laryngeal nerve paralysis could not explain the 
occurrence of denervation potentials bilaterally. Consequently, the disease was due to 
bilateral partial destruction of the innervation of the larynx.

Histological examination of the recurrent laryngeal nerves of affected Bouviers 
obtained at autopsy revealed Wallerian degeneration throughout the length of the 
nerves. This strongly indicated that the primary lesion was in the cell bodies of the 
motor nerves, in the nucleus ambiguus of the medulla oblongata. For histological 
studies of the nucleus ambiguus it was thought preferable to compare findings in 
affected and unaffected Bouviers and, indeed, if possible, in affected and unaffected 
Bouviers of the same family. At the same time, breeding studies were essential to 
further the investigation of the hereditary transmission of the disease and it was 
assumed that the experimental breedings would provide adequate material for the 
histological studies of the nucleus ambiguus. Unexpectedly, only one of the 35 members 
of the experimental family proved not to have laryngeal paralysis and hence other dogs 
had to be used as controls for the histological studies.

Studies in this experimental family revealed that laryngeal paralysis in Bouviers is a 
degenerative disease. Laryngeal paralysis as a degenerative neurogenic disease has not 
been described previously in dogs, but Holinger (1979) reported two human cases, a boy 
and his mother, with Charcot-Marie-Tooth disease and bilateral vocal cord abductor 
paralysis. Charcot-Marie-Tooth disease is a degenerative disease and is characterized 
by degeneration of the motor nerves, leading to negative reflexes, muscular atrophy and 
paresis, and by degeneration of the sensory nerves, leading to disturbed sensitivity. The 
disease begins distally in the legs, is slowly progressive, and later involves the muscles of 
the distal portion of the thigh and also the upper extremity. The disease is also known as 
peroneal muscular atrophy (Houston Merrit, 1973). The histopathological changes of 
degeneration include loss of myelin, fragmentation of axis cylinders and, in some cases, 
loss of anterior horn cells. The degenerative changes in the muscles are usually similar 
to those which follow damage to the peripheral nerves or anterior horn cells 
(Blackwood and Corcellis, 1976; Houston Merrit, 1973).

There are case reports of Charcot-Marie-Tooth disease in which the pathology of the 
disease was described, especially the histology of the involved nerves and muscles
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obtained by biopsy (Dyck, 1968, a, b; Waxman and Quelette, 1979) and at autopsy 
(Hughes and Brownell, 1972). However, there was no cranial nerve involvement in 
these cases.

Gacek (1976) reported familial vocal cord abductor paralysis in which some of the 
affected members also had foot drop and muscular wasting in the upper limbs, but his 
report presented no histological studies.

In our series of 105 Bouviers, we found three which also had a bilateral anterior tibial 
muscle denervation causing foot drop. Two of these dogs were related (mother and son) 
and the third, a male, was not known to be related to them. The dam of the 
experimental family (Chapter 3) and seven of her offspring had foot drop and/or 
denervation potentials recorded from the cranial tibial muscles. The clinical signs of 
increasing weakness in the rear legs of the dam indicated progression of the disease but 
further investigations on this aspect of the disease were not undertaken.

Since laryngeal paralysis in Bouviers was found to be inherited as an autosomal 
dominant trait, its prevention is in the hands of the Bouvier breeders.The Netherlands 
Club of Bouvier Breeders has been informed about the definite hereditary character of 
the disease and has been offered a plan of action, the main purpose of which is to create 
a separate population of Bouviers which are free of laryngeal paralysis. However, the 
plan can only be a success if the population of unaffected Bouviers proves to be large 
enough and healthy enough to guarantee a strong Bouvier breed.
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SAMENVATTING

De aanleiding tot dit onderzoek werd gevormd door het in korte tijd snel toenemende 
aantal jonge Bouviers met ernstige dyspnoe, dat aan de Universiteitskliniek voor Kleine 
Huisdieren werd aangeboden.

In het eerste hoofdstuk van dit proefschrift wordt ingegaan op de innervatie van de 
intrinsieke larynxspieren bij de hond. Gegevens uit de literatuur bleken eenstemmig te 
wijzen op innervatie van de intrinsieke larynxspieren door de ipsilaterale N. recurrens 
uitgezonderd de M. cricothyreoideus, die door de ipsilaterale externe tak van de n' 
laryngeus cranialis wordt voorzien. Niet eenstemmig waren de gegevens betreffende de 
mogelijkheid van additionele innervatie. Gezien de noodzaak van accurate kennis van 
de innervatie van de intrinsieke larynxspieren voor de interpretatie van 
electromyogrammen van deze spieren, werd besloten tot nader onderzoek (13) in 
de eerste opzet werd bij vijf honden de linker of de rechter N. recurrens onderbroken 
In de daaropvolgende maanden werden bij deze honden maandelijks 
electromyogrammen van de larynxspieren gemaakt. Nadat de denervatie potentialen 
uit de electromyogrammen waren verdwenen, werd gezocht naar resterende innervatie 
in de gedenerveerde spieren. In de tweede opzet werden bij achttien honden 
zenuwstimulatie experimenten gedaan. Hierbij werden de linker en de rechter N 
recurrens, de linker en de rechter N. laryngeus cranialis - zowel de externe als de 
interne tak - en de linker en de rechter ’’anastomosen” tussen de interne tak van de N 
laryngeus cranialis en de N. recurrens, elk afzonderlijk gestimuleerd. De eventueel 
optredende stimulatie potentialen in de intrinsieke larynxspieren werden geregistreerd 
In de derde opzet werden bij vier honden, waarbij inmiddels van enkele intrinsieke 
larynxspieren was komen vast te staan dat zij door meer dan één zenuw geinnerveerd 
werden, gedurende continue registratie denervaties uitgevoerd. De belangrijkste 
conclusie uit deze onderzoekingen is, dat het algemeen aanvaarde innervatie patroon 
van de intrinsieke larynxspieren bij de hond altijd aanwezig is, maar dat vaak bovendien 
een additionele innervatie voorkomt, waarvan het patroon varieert van hond tot hond

In hoofdstuk 2 zijn de resultaten beschreven van nader onderzoek bij 105 Bouviers die 
als patiënten met laryngeale dyspnoe aan de Kliniek voor Kleine Huisdieren werden 
aangeboden. Het nader onderzoek omvatte laryngoscopie, electromyografie van de 
intrinsieke larynxspieren, histologisch onderzoek van spierbiopten uit de M 
cricoarytenoideus dorsalis en - in die gevallen waarbij sectie werd verricht - 
histologisch onderzoek van alle intrinsieke larynxspieren, de Nn. recurrentes en de Nn 
vagi. Bij laryngoscopie werd bij deze honden een sterk geïnjiceerde laryngeale mucosa 
aangetroffen. De stembanden abduceerden niet of gering. Bij electromyografisch 
onderzoek bleken zowel in de linker als in de rechter larynxspieren en zowei in de 
abductoren als in de adductoren denervatie potentialen voor te komen. Opvallend was 
dat naast denervatie potentialen ook normale actiepotentialen geregistreerd werden'
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De denervatie potentialen werden niet steeds in alle intrinsieke larynxspieren en niet 
steeds in dezelfde spieren gevonden. Bij het histologisch onderzoek*van de afwijkende 
intrinsieke larynxspieren werd steeds denervatie atrofie gevonden. Zowel in de linker 
als in de rechter N. recurrens werden degeneratieve veranderingen volgens Waller 
gevonden, wijzend op een secundaire degeneratie.

In hoofdstuk 3 van het proefschrift worden de resultaten beschreven van het onderzoek 
naar de overerving van de larynxparalyse en van het onderzoek van de in de medulla 
oblongata gelocaliseerde nucleus ambiguus. Beide onderzoekingen konden worden 
verricht met honden die werden verkregen door experimentele paringen, uitgaande van 
een ouderpaar Bouviers met larynxparalyse.

In paragraaf 3.1. wordt de samenstelling van deze Bouvier-familie beschreven. Van de 
uit de ouderparing voortgekomen nakomelingen werd een zoon met de moeder en een 
dochter met de vader gepaard. Twee teven van de daaruit voortgekomen F2 generatie 
werden gepaard met Greyhounds, waardoor een gekruiste F3 generatie ontstond. In 
deze familie kwam slechts één hond voor, een reu in de F, generatie, waarbij gedurende 
zijn één jaar lange leven nooit denervatie potentialen in de larynxspieren werden 
gevonden. De conclusie uit het onderzoek naar de erfelijkheid van de beschreven 
larynxparalyse luidt samenvattend, dat de afwijking autosomaal dominant overerft.

Zoals beschreven in paragraaf 3.3. werden alle honden van de F; en de F2 generatie op 
de leeftijd van vier weken laryngoscopisch onderzocht. Op de leeftijd van acht weken 
werden bij alle honden van de F,, F2 en F3 generatie electromyogrammen van de 
larynxspieren gemaakt. Dit onderzoek werd bij de Fj en de F2 generatie herhaald op de 
leeftijd van drie maanden en bij de honden die langer zijn aangehouden werd dit 
onderzoek herhaald op de leeftijd van één, anderhalf, en twee jaar. Tijdens deze 
onderzoekingen werd tevens de beweging van de stembanden bekeken, en werden ook 
electromyogrammen van de Mm. tibiales craniales gemaakt.

In paragraaf 3.4. wordt een samenvatting gegeven van de klinische bevindingen, de 
resultaten van de laryngoscopieën en de gegevens van electromyografische 
onderzoekingen bij deze familie. Het was opvallend, dat de denervatie potentialen ook 
voorkwamen bij goed functionerende spieren en dat vooral in de F2 en de F3 generatie 
weinig klinische verschijnselen van larynxparalyse voorkwamen. In de discussie (3.8.) 
wordt gewezen op de bijzondere omstandigheden waaronder deze jonge honden 
opgroeiden, wat het uitblijven van klinische verschijnselen zou kunnen verklaren. Er 
was een toename van het aantal aangedane larynxspieren te constateren, toen de 
resultaten van onderzoek op de leeftijd van acht weken en drie maanden werden 
vergeleken. Tevens werd bij onderzoek op de leeftijd van acht weken in de F2 en 
F3 generatie een relatief groter aantal aangetaste larynxspieren gevonden dan in de 
F, generatie, op dezelfde leeftijd. Behalve bij de moeder, werden nog bij zeven 
nakomelingen denervatie potentialen in de M. tibialis cranialis gevonden.
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In narasraaf 3 6 1 wordt een overzicht gegeven van de literatuur met betrekking tot de 
anatomie van de nucleus ambiguus, zoals die bij de mens ^ de hond is beschreven. De 
schaarse literatuur met betrekking tot de nucleus ambiguus bij de hond was reden om ,n 
narasraaf 3 6 2 uitgebreid in te gaan op de anatomische gegevens die werden verkregen Eli onderzoek van de nucleus ambiguus van vier gezonde Bouviers en één gezonde 

Duitse Herdershond. Voor dit onderzoek werden de hersenen van deze honden direct 
na de dood gespoeld met fysiologische zoutoplossing en vervolgens gefixeerd met 

, «• j r i n Na enige uren fixeren werden de hersenen en degebufferde fo™a ^^eMe en de eerste halswervels verwijderd. De

ve^er gef.xeerd in gebufferde formaline e„ na drie 
weken werd de hersenstam uitgesneden en ingebed. Er werden coupes gesneden van 
15 gm dik, waarna één op elke vijf coupes volgens de methode Kluver-Barrera werd 
gekleurd.

„ , . t ") is beschreven, waren de multipolaire cellen van de nucleusX" s7^":"De 1 dTvan de;ud?;
amniguus g 0,j „„ a ai. tot 7 20 mm. Het aantal cellen in de kern werd geteld,
met'dierf vemtande^Jat alleen de cellen met een dutdelijke kern en nucleolus werden 

aeteld Van deae cellen werden ook de grootste Itntare drmensie en de grootste 
middellijn van de kern en van de nucleolus gemeten.

, c 1 f, 11 viin de resultaten beschreven van het histologisch onderzoek vanIn paragraaf 3 6.3.2. J .rs met iarynxparalyse. Er werden zowel in de rechter
de nucleus ambiguus J gedegenereerde motorische zenuwcellen gevonden,
als in de linker nuc eus * ambiguus was duidelijk geringer dan bij de gezonde
Het aantal cellen i was bi- de honden met larynxparalyse korter dan bij de
honden. De nucleus a g bieek de kern minder ver door te lopen naar
caudaaf & »“geen'verichil in afmeting van de cellen tussen de gezonde honden en de 

honden met larynxparalyse.

, .. .„ „or.itaten gegeven van het histologisch onderzoek van de Nn.In paragraaf 3.7d. zijn „i, de F, generatie. Dit onderzoek kon „ie.
recurrentes en • generatie plaats vinden, omdat de zenuwen tijdens perfusie
bij honden van de F en ^ g«" ^ werd in vier groepen verdeeldi waarbij op de
gedeformeerd wer ,en 10 weken? 14 weken, 20 weken en 24 weken euthanasie 
respectievelijke werden op een waSpiaatje gefixeerd en na fixatie gekleurd
werd verricht. riomori’s trichrome en Luxol fast blue B-Holmes’
met haematoxy van degeneratie volgens Waller werden op de

leeftijd van 14 weken gezien, maar echt duidelijk was de degeneratie pas op de leeftijd 
van 20 weken.

f7 7 2 2 zijn de resultaten van het onderzoek van de intramusculaire 
dndvertakkingen en motorische eindplaatjes, bij honden met larynxparalyse vermeld.
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Bij een Bouvier uit de F2 generatie werden op de leeftijd van drie maanden al 
degeneratieve veranderingen aangetroffen.

De methoden en resultaten van dit onderzoek zijn in hoofdstuk 3.8. aan discussie 
onderworpen, waarna in hoofdstuk 3.9. de conclusies zijn vermeld uit de resultaten van 
onderzoekingen in hoofdstuk 3. De beschreven larynxparalyse behoort tot de 
degeneratieve ziekten en overerft bij deze Bouviers autosomaal en dominant.

In hoofdstuk 4 worden de bevindingen van de hoofdstukken 1, 2 en 3 in een discussie 
samengevat, waarbij tevens kort wordt ingegaan op de mogelijkheden voor preventie 
van larynxparalyse bij Bouviers.
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SUMMARY

These investigations were motivated by the rapidly increasing number of severely 
dyspneic young Bouviers which were referred to the University Small Animal Clinic 
The cause of the dyspnea was an inability to abduct the vocal cords.

Chapter 1 of this study deals with the innervation of the intrinsic laryngeal muscles in 
dogs. Reports in the literature are in agreement on innervation of the intrinsic laryngeal 
muscles by the ipsilateral recurrent laryngeal nerve, with separate innervation of the 
cricothyroid muscle by the external branch of the ipsilateral cranial laryngeal nerve 
They are not in agreement on the existence of additional innervation. Since accurate 
knowledge of the innervation of the intrinsic laryngeal muscles was needed for 
interpretation of the electromyographic recordings from these muscles, an investigation 
on this subject was carried out (1.3.).

In the first experiment one of the recurrent laryngeal nerves was transected in each of 
five dogs. Electromyographic recordings were performed at monthly intervals until the 
denervation potentials disappeared and the remaining innervation was then studied In 
the second experiment nerve stimulation studies were performed in 18 dogs The left 
and right recurrent laryngeal nerves, the external and internal branches of the left and 
right cranial laryngeal nerves and the ’’anastomosis” between the internal branch of the 
cranial laryngeal nerve and the recurrent laryngeal nerve were stimulated and 
stimulation potentials occurring in the intrinsic laryngeal muscles were recorded In the 
third experiment step-by-step denervation of intrinsic laryngeal muscles having multiol 
innervation was performed during continuous recording of spontaneous muscle activit 
These experiments demonstrated the frequent occurrence of supplementary pathwa s 
of motor nerve supply, in addition to the principal innervation. The pattern of the 
additional innervation varied from dog to dog.

Chapter 2 is a report of investigations of laryngeal dyspnea in 105 Bouvier patients at 
the Small Animal Clinic. These investigations included laryngoscopy 
electromyographic recordings from the intrinsic laryngeal muscles and histological 
examination of biopsies from the dorsal cricoarytenoid muscle and, in the event of 
autopsy, all intrinsic laryngeal muscles, the recurrent laryngeal nerves and the va 
nerves. Laryngoscopy revealed only moderate abduction or no abduction of the vocal 
cords. There were signs of inflammation of the laryngeal mucosa. Electromyogranh' 
recordings revealed denervation potentials bilaterally in the intrinsic laryngeal muscled 
in the abductors as well as in the adductors. The presence of denervation potentials 
together with normal motor unit potentials in some laryngeal muscles was remarkable 
The pattern of denervation varied in that not always the same laryngeal muscles 
affected. The histological changes in the affected intrinsic laryngeal musclês were 
always characteristic of neurogenic degeneration and Wallerian degeneration C 
always observed in both recurrent laryngeal nerves.
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In Chapter 3 are presented the results of investigation of the hereditary transmission of 
laryngeal paralysis in Bouviers and the results of histological studies of the nucleus 
ambiguus in the brain stem. Both investigations were carried out in a family of dogs 
originating from the mating of two Bouviers with laryngeal paralysis. The pedigree of 
this family of Bouviers is presented in section 3.1. A female of the Fj generation was 
mated with the sire and an F, male was mated with the dam. Two females of the 
resulting F2 generation ware mated with Greyhounds, to produce a crossbred F3 
generation. In the complete family of 35 dogs only one member, a male in the F, 
generation, did not have denervation potentials in electromyographic recordings from 
the intrinsic laryngeal muscles. These findings confirmed the hereditary transmission of 
the disease as an autosomal dominant trait.

As described in section 3.3., laryngoscopy was performed in ah dogs of the F, and the F2 
generations at the age of four weeks. Electromyographic recordings were made from 
the intrinsic laryngeal muscles in all dogs of the F,, F2 and F3 generations at the age of 
eight weeks. Electromyographic recordings were repeated at the age of three months in 
all dogs of the Fj and F2 generations and in some at the ages of one, one-and-one-half, 
and two years. During these recordings the movements of the vocal cords were noted. 
Electromyographic recordings from the cranial tibial muscles were made at the same 
times.

In section 3.4. the results of the clinical investigations, laryngoscopy and 
electromyography in this family are summarized. It was striking that denervation 
potentials were observed in intrinsic laryngeal muscles which laryngoscopy showed to 
be functioning normally and also that the dogs of the F2 and the F3 generations did not 
show clinical signs of laryngeal paralysis. In the discussion (3.8.) the rearing of these 
dogs in a protected environment was suggested to be a possible explanation for the 
unexpected lack of clinical signs of laryngeal paralysis. There was an increase in the 
number of affected intrinsic laryngeal muscles as revealed by electromyographic 
recordings, between the ages of eight weeks and three months. There was also a 
relatively higher proportion of laryngeal muscles affected at the age of eight weeks in 
dogs of the F2 and F3 generations than in those of the F, generation. Denervation 
potentials were found in electromyographic recordings of the cranial tibial muscles in 
the dam and seven of her offspring.

A review of the literature on the anatomy of the nucleus ambiguus in man and the dog is 
presented in section 3.6.1. The scarcity of literature on the anatomy of the nucleus 
ambiguus in the dog prompted a detailed account of the anatomical data (3.6.2.) 
obtained in our investigations in four unaffected Bouviers and a healthy German 
shepherd. For these investigations the brains of the five dogs were perfused and fixed 
with buffered formaldehyde in situ immediately after euthanasia. Several hours later the 
entire brain was carefully removed and immersed in buffered formaldehyde for an 
additional three weeks. The brain stem was then removed and after processing and 
embedding, sections were cut at 15 gm thickness. Every fifth section was stained with 
Klüver-Barrera stain.
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As is described in section 3.6.2.2., the multipolar cells in the nucleus ambiguus were 
readily distinguished in the reticular formation. The length of the nucleus ambiguus was 
4.43 to 7.20 mm. The number of cells was determined by counting only those cells 
having a dinstinct nucleus and nucleolus. In these cells the longest linear dimension of 
the cell, the nucleus and the nucleolus was measured.

In section 3.6.3.2. the results of histological examniation of the nucleus ambiguus in 20 
Bouviers with laryngeal paralysis are presented. Degenerated motor neuron cell bodies 
were observed in both the left and right nucleus ambiguus of each dog. The cells of the 
nucleus ambiguus were similar in size but considerably fewer in number than those in 
the unaffected dogs. The length of the nucleus ambiguus was shortened caudally in the

dogs with laryngeal paralysis.

In section 3.7.1. are presented the results of histological examination of the recurrent 
laryngeal nerves and the vagus nerves in the dogs of the F3 generation. These nerves 
could not be examined in the dogs of the F, and F2 generations because of deformation 
during Fixation. The dogs of the F3 generation were divided into four groups and were 
euthanized at the ages of 10, 14, 20 and 24 weeks, respectively. The nerves were 
attached to a wax plate during Fixation and sections were stained with haematoxyline- 
eosin, Gomori’s trichrome and the Luxol fast blue B-Holmes’ silver nitrate stain

The First signs of degeneration were observed in the recurrent laryngeal nerves of the 
dogs which were euthanized at the age of 14 weeks and by the age of 20 weeks the

degeneration was quite obvious.

The results of histological examinations of the motor nerve endings and the motor 
endplates in Bouviers with laryngeal paralysis are presented in section 3.7.2.2 There 
were already degenerative alterations in the intrinsic laryngeal muscles in dogs studied

at the age of three months.

The methods and results of the investigation in this family of Bouviers and crossbred 
Bouviers are discussed in section 3.8.

In section 3.9. it is concluded that the laryngeal paralysis in Bouviers is a degenerative 
disease, which is inherited as an autosomal dominant trait.

In chapter 4 the combined results in chapters 1, 2 and 3 are discussed and a means of 
preventing hereditary laryngeal paralysis in Bouviers is indicated.
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STELLINGEN

1

Bij het onderzoek naar de oorzaak van functiestoornissen van de larynx is het 
electromyografïsch onderzoek van de intrinsieke larynxspieren onontbeerlijk.

2

Het vóórkomen van de in dit proefschrift beschreven larynxparalyse kan sterk 
verminderd worden door foktechnische maatregelen.

3

Het vrijblijvende karakter van de relatie tussen de kynologische organisaties en de 
diergeneeskunde belemmert het effectief bestrijden van erfelijke 
gezondheidsstoornissen bij de hond.

4

Voor het verkrijgen van materiaal uit trachea en bronchiën voor cytologisch en 
bacteriologisch onderzoek bij de hond en de kat, verdient de monstername tijdens 
bronchoscopie verre de voorkeur boven de monstername door middel van puncties via 
het ligamentum cricothyroïdeum of via de tracheawand.

5

Hoewel het hy-line foksysteem een voorspelbaar produkt oplevert, maakt de 
hoeveelheid dieren die nodig is om tot dit produkt te komen, dit systeem 
onaantrekkelijk voor het fokken van honden.

6

De gevoeligheid van het binnenoor voor intoxicatie en dehydratie beperkt de keuze van 
de spoelvloeistof voor het reinigen van de uitwendige gehoorgang in de kleine 
huisdierenpraktijk, tot leidingwater en fysiologische zoutoplossing.

7

Het is onjuist een hond, met een obstructie van de voorste luchtwegen anders dan in de 
neus of nasopharynx, te sederen met morfine of aan morfine verwante preparaten.

8

De gewoonte om te spreken van een te lang palatum molle bij brachycephale 
hondenrassen, wekt ten onrechte de indruk dat bij deze rassen een afwijking van het 
palatum molle voorkomt, als oorzaak van de pharyngeale problemen.



9

Bij klachten over dyspnoe en onvoldoende uithoudingsvermogen bij een opgroeiende 
Bouvier dient men behalve met het voorkomen van larynxparalyse, bij dit ras ook 
rekening te houden met de — eveneens bij dit ras voorkomende — te nauwe trachea.

10

De pathogenese van cornage bij het paard is een andere dan die van de larynxparalyse 
bij de Bouvier.

11

In vele leerboeken wordt bij de bespreking van de degeneratieve ziekten ten onrechte 
vermeld dat de oorzaak onbekend is.

12

Indien bij acties van de Mobiele Eenheid verwacht mag worden dat gewelddadigheden 
zullen plaatsvinden moet, in navolging van de strategie van Hannibal, de voorkeur 
gegeven worden aan het gebruik van olifanten boven dat van paarden en honden.

Stellingen, behorende bij het proefschrift Investigations on the pathogenesis of 
hereditary laryngeal paralysis in the Bouvier, van A.J. van Haagen.
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