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Introduction

That the chorda tympani nerve contains secretory fibres leading to the sub
mandibular gland was demonstrated by Ludwig (1851), Eckhardt (1860) and 
Claude Bernard (1864), and its importance for the sense of taste was established 
by Lussana (1869). Interest in the chorda tympani was aroused in 1952, when 
Rosen described a method of exposing this structure by forward reflection of 
the posterior part of the tympanic membrane preparatory to severing the nerve 
in an attempt to relieve vertigo. He later used the same technique of entry to 
the middle ear for mobilization of the stapes in clinical otosclerosis, and this 
transmeatal route has now become the usual approach for all types of opera
tions on the stapes. Because of its position the chorda tympani frequently 
complicates the removal of bone at the posterior wall of the canal, and after 
such removal the nerve may still interfere with the stereoscopic view of the 
oval window. The surgeon is then sometimes faced with the choice of dividing 
the chorda tympani in order to secure a better view, or of risking traumatization 
of the nerve through diverse manipulations such as stretching and displacement 
to one side.

There are divergent opinions both on the most convenient way to handle 
the nerve during an operation for otosclerosis and on the consequences of the 
various measures. The reason for this uncertainty is the absence of a thorough 
follow-up investigation of the impairment of the sense of taste on the anterior 
two thirds of the tongue and of the disturbances of the secretory function of 
the submandibular glands resulting from various manipulations of the chorda 
tympani.

In view of the expansion of modern ear surgery and the increase in the 
number of bilateral stapes operations, it is an urgent and essential task to ascer
tain the subjective and objective disturbances of taste and salivation in the case 
of damage to, or division of, the chorda tympani in the middle ear. The problem 
also might have medicolegal significance, for permanent impairment of taste 
has been assessed at 5—15 per cent invalidity (Kiimmerli, 1964).

A reduction in the sense of taste on the anterior two thirds of the tongue is 
frequently found if there is a pathologic process at any point of the nerve, as 
in the case of acoustic neurinoma, facial paralysis of the ”rheumatic type”, 
chronic otitis and cancer of the epipharynx (Cushing, 1917; Lewis & Dandy, 
1930; Feldman &c Maier, 1959; Motta et al., 1964; Kramp, 1965; Taverner,
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1967). Gustatory investigations have usually been carried out with sapid solu
tions of varying concentration — semi-quantitative taste testing — and oc
casionally by means of electrical stimulation — electrogustometry (Kramp, 
1965). A disadvantage of both methods is that the patient’s co-operation is 
required, and the response is dependent on his subjective assessment. A more 
objective method of testing the function of the chorda tympani (C. t.) is to 
measure the salivary secretion from the submandibular glands after gustatory 
stimulation. According to Magielski & Blatt (1958) and Kerr (1961), for stimu
lation with citric acid solution there is only a slight difference between the 
secretory response of the right and left sides. Enfors (1962), however, points 
out that citric acid stimulation has large sources of error.

To elucidate these problems a group of healthy control subjects and a random 
sample of the cases of otosclerosis at this Department were examined with 
respect to the function of the chorda tympani. The object of the investigation 
reported in this monograph was to seek answers to the following questions:

L Does bilateral and simultaneous recording of the submandibular gland 
secretion elicited by gustatory stimulation provide an objective test of the 
function of the chorda tympani?

II. What subjective and objective impairment of taste results from tympano
tomy for otosclerosis with unilateral division of the chorda tympani, or 
from such surgical intervention in which the nerve is preserved.

III. What subjective and objective impairment of salivary secretion results from 
tympanotomy for otosclerosis with division of the chorda tympani, or from 
such surgical intervention in which the nerve is preserved?

IV. To what extent is the surgeon’s view of the possibility and extent of damage 
inflicted on the chorda during the operation borne out by the objective 
findings?



SECTION I

Surgical anatomy of the chorda tympani in man

It was stated by Lussana in 1869 that the chorda tympani is responsible for 
the sense of taste in the anterior half of the tongue and that it is an indepen
dent nerve of the portio intermedia Wrisbergii. With Inzani he demonstrated 
that in its central course it follows the facial and acoustic nerves. The chorda
contains afferent fibres that are responsible for the sense of taste in the anterior 
two thirds of the tongue, and efferent parasympathetic fibres for secretomotor 
innervation of the submandibular and sublingual gland. It also has fibres of 
general sensation for the anterior two thirds of the tongue (Costen et al., 1951; 
Frenckner & Preber, 1954; Eliasson & Gisselson, 1954; Diamant et al., 1965) 
(Fig. 1).

FIGURE 1. Clinically important points 
for the gustatory and secre
tory fibres in the human 
chorda tympani (1—4).

1. porus acusticus internus
2. facial canal
3. tympanic cavity
4. infratemporal fossa

a. tractus solitarius, central 
tracts and nuclei

b. facial nerve and chorda 
tympani

c. chorda tympani
d. chorda tympani and lin

gual nerve
e. submandibular gland
/. peripheral taste receptors 
g. submandibular ganglion

The fibres leave the brainstem as the intermedius nerve, which, in the internal 
auditory canal, runs between the facial and the statoacoustic nerves. They then 
join the facial nerve in its canal. The chorda tympani is usually given off a 
short distance from the stapedius nerve, while its origin in the facial nerve may 
be located from 0.1 mm to 9 mm — usually 5 to 6 mm — above the stylo
mastoid foramen (Godskesen, 1888; Ho, 1937; Bull, 1965; Jeppsson, 1966). 
Sometimes it even leaves the facial nerve outside the foramen (Haynes, 1955; 
Jeppsson, 1966). The nerve runs in its own canal in a forward and upward 
direction, to reach the middle ear just superior to the end of the fibrous annulus
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of the tympanic membrane. It crosses the tympanic cavity under cover of its 
mucous membrane in the vicinity of the malleus and incus (Fig. 2). Leaving 
the middle ear via the glaserian fissure (Huguier’s canal), it descends in the 
infratemporal fossa to join the lingual nerve, after running free for about 25 mm.

Together with the sensory fibres of the lingual nerve the chorda’s taste and 
sensory fibres enter the tongue, where they are distributed in the mucous mem
brane covering its anterior two thirds. The posterior third, from the circum- 
vallate region, is supplied by the glosso-pharyngeal nerve.

FIGURE 2. Right tympanic cavity, showing the relationship between the chorda tympani and 
other middle ear structures.
Left. — Lateral view, a Facial nerve, b Chorda tympani. c Tympanic vessels. 
Right. — Medial view, b Chorda tympani. d Stapedial tendon, e Tensor tympani 
muscle.

Chorda tympani. Histologic features

Most of the fibres composing the chorda tympani in man are 2—4 p in diam
eter, but a few measuring 4—6 p and 12—14 p have also been found (Costen 
et al., 1951).

The taste fibres of the chorda tympani are fairly small, and have a diameter 
of 2—4 p; most of them are myelinated (Costen et al., 1951; Zotterman1, 1968). 
The size of the secretory fibres in the chorda tympani is less well established. 
According to Costen et al. (1951) the autonomic fibres in the human chorda 
tympani seem to be less than 2 p in diameter; in the dog and cat they are less 
than 1.5—2.5 p, while the taste fibres in the dog and cat range from 1.5 to 6 p 
(Foley, 1945). Zotterman1 states that the secretory fibres in animals are mye
linated, while Foley (1945) considers that some are nonmyelinated; the latter 
are probably postganglionic sympathetic fibres from the cervical ganglion 
(Zotterman, 1968). According to Chorobski (1951) the salivary fibres of man 
are finely myelinated and nonmyelinated.

1 Zotterman, Y., 1968: Personal communication.



SECTION II

Previous studies of the chorda tympani function

Physiologic features. Taste on the anterior two thirds of the tongue

The afferent fibres from the anterior two thirds of the tongue constitute a 
large component of the chorda tympani, and they conduct gustatory, pain, 
thermal and tactile impulses.

On electrical stimulation of the chorda in the middle ear — either of the 
intact nerve or of the peripheral or central stump — a gustatory sensation, 
pain in the tongue or ear and sometimes giddiness or tinnitus have been ex
perienced. These phenomena have been analysed by Rosen (1952), Frenckner 
& Preber (1954) and Eliasson & Gisselson (1954).

In 1959 Diamant et al. performed successful electrophysiologic experiments 
on conduction of gustatory impulses from the chorda tympani in the middle 
ear of man. It is well established that the nerve conducts all four taste qualities, 
namely sweet, salt, sour and bitter and that ”taste adaptation” is a peripheral 
receptor mechanism. A close correlation has been found between the results 
of the psychophysical taste tests and those of conduction from the chorda 
tympani in the middle ear (Diamant et al., 1965; Borg et al., 1967).

Subjective impairment of taste

Unilateral damage to, or division of, the chorda tympani usually produces no 
symptoms (Wohlfeil, 1936; Ho, 1937; Feldman 6c Maier, 1959; Laumans 6c 
Jongkees, 1963; Krarup, 1965), whereas bilateral chorda lesions usually give rise 
to persistent symptoms (78 per cent in Bull’s series — 1965). Any subjective 
impairment of taste rapidly recovers, probably owing to adaptation (Diamant 
et al., 1959; Fortunato, 1959) or compensation from the adjacent intact recep
tors (Gerhardt 6c Berndt, 1967).

Unilateral division of the chorda tympani in tympanotomy for otosclerosis 
results in subjective impairment of taste; the reported incidence varies con
siderably (Moon 6c Pullen, 1963; Rice, 1963; Rosen1, 1964; Krarup, 1965; 
Roseburg, 1966; Gerhardt 6c Berndt, 1967; Jeppsson, 1969). Bilateral severance 
of the chorda results in more pronounced disturbance of taste, often combined 
with a feeling of dryness in the mouth (House, 1963; Moon 6c Pullen, 1963).

1 Rosen, S., 1964: Personal communication.
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Methods for taste studies in man

A method for semi-quantitative graded clinical testing of taste in which sapid 
solutions of known strength are dropped from a pipette has been worked out 
by Börnstein (1940). He considered that it was necessary to use solutions of 
different concentrations in order to determine whether there is any impairment 
of taste.

Electrical taste testing is another technique, which is by no means new but 
has recently attracted interest with the design of the electrogustometer by Krarup 
(1965). He found that the taste threshold varied considerably from one subject 
to another and tended to increase with age. More important, the difference 
in taste threshold between the left and right sides of the anterior two thirds 
of tongue was found never to exceed 3 EGU (electro-gustometric units) in nor
mal subjects. Bull (1965) recorded a mean threshold of 35 pa, but his apparatus 
differed slightly in design from Krarup’s, and the stimulus was raised in steps 
of 5 pa. If there is no response to 300 pa, total discontinuity of the chorda 
fibres, or augesia, should be suspected (Pulec & House, 1964; Krarup, 1965; 
Bull, 1965).

Börnstein’s semi-quantitative method is usually considered to be applicable 
for the same purpose as electrogustometry, but it requires more time and ex
perience and is not very suitable for the examination of children and the aged.

Taste examinations in connection with ear operations

From a number of studies on patients that have undergone radical mastoidec
tomy for chronic otitis it is clear that postoperative loss of taste corresponding 
to the area of innervation by the chorda is permanent (Kander, 1906; Ho, 1937; 
Torrini, 1940; Tomita &c Pascher, 1959). In various stapes operations the chorda 
tympani often suffers damage, with consequent impairment of the taste (Feld
man & Maier, 1959; Rossberg, 1965; Gerhardt & Berndt, 1967; Jeppsson, 1969).

If the chorda is divided, either accidentally or intentionally, there is total loss 
of taste for sapid solutions (Moon & Pullen, 1963; Motta et al, 1964; Bull, 
1965; Roseburg, 1966; Jeppsson, 1969). In electrogustometry 300 pa is not 
identified on the side of operation (Harbert et al., 1962; Pulec & House, 1964; 
Bull, 1965) nor does 370 pa elicit a response (Jeppsson, 1969).

Salivary secretion on division of the chorda

Animal experiments. — The reflex salivary secretion obtained on taste sti
mulation is considered to be abolished by division of the chorda tympani (Ber
nard, 1879; Pavlow, 1907). Pre-ganglionic parasympathetic denervation of the 
submandibular gland — that is, division of the chorda — results in a loss of 
weight of the gland (Strömblad, 1955; Ohlin, 1966). Parenteral administration 
of parasympathicomimetics such as acetylcholine and acetyl-beta-methylcholine
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elicits a secretory response from the denervated gland that is about one half 
of that obtained on the sound side from submaximal stimulation. On the other 
hand, more nearly equal responses are obtained with parenteral administration 
of pilocarpine (Pierce &c Gregersen, 1937; Ohlin, 1966). The low taste-induced 
salivary secretion elicited in the dog after dividing the chorda tympani is un
affected by removal of the superior cervical ganglion (Seo, 1934; Laage-Hellman 
& Strömblad, 1960). The sympathetic nervous system exerts an inhibitory effect 
on salivation (Richins & Kuntz, 1933; Emmelin et al., 1960).

Observations in man. — Unilateral division of the chorda results in only 
minor symptoms. Out of 126 patients in whom this was performed xerostomia 
was reported in 37, or 30 per cent; in 31 it persisted for at least a year after 
the operation, and in one case for 8 years (Bull, 1965). Bilateral division has 
been found to produce marked dryness (Moon & Pullen, 1963; House, 1963; 
Bull, 1965).

Cannulation of the ducts of the submandibular gland in man to measure the 
salivary secretion has been performed by Motta et al. (1957) and Magielsky & 
Blatt (1958). It was found by the former authors that the method could provide 
information on salivary secretion in patients undergoing radical mastoidectomy 
for chronic otitis; secretion studies in normal subjects have been performed by 
Diamant et al. (1957), Kerr (1961) and Enfors (1962).

In unilateral chorda damage gustatory stimulation with lemon juice or citric 
acid normally elicits secretion from the submandibular gland of the sound side, 
whereas the gland of the impaired side produces only a weak response, if any; 
that is to say, the ipsilateral efferent secretory fibres of the chorda are of critical 
significance for the secretory response (Furstenberg & Crosby, 1945; Laage- 
Hellman &c Strömblad, 1960; Blatt, 1965).

Even when the chorda tympani has been divided in the middle ear a secretory 
response to gustatory stimulation has been observed in man, and this is not 
abolished by blocking the sympathetic nerves (Laage-Hellman & Strömblad, 
1960; Wiberg, 1965; Herrman, 1965). Stimulation of a gland having damaged 
secretory fibres by means of parasympathicomimetics — for instance, acetyl- 
beta-methylcholine or pilocarpine — produces a stronger response than does 
gustatory stimulation (Motta et al., 1957; Laage-Hellman &c Strömblad, 1960; 
Enfors, 1962; Wiberg, 1965; Herrman, 1965).



SECTION III

Case series

The material for the investigation consisted of students in sound health and 
patients admitted to the Department of Oto-rhino-laryngology, Umeå University 
Hospital, during the period 1963 to 1965. They comprised the following two 
main groups:

(1) Control group (group S): healthy students with normal ears.

(2) The follow-up group: patients that had otosclerosis and were later oper
ated on and patients that had had an operation for otosclerosis (during 1962— 
63).

All the subjects in the two groups were interviewed and examined with 
respect to former illnesses and injuries, with special reference to diseases of 
the middle ear, the facial nerve, the salivary glands and the oral cavity.

Control group

Group S comprised 45 students — 32 men, 13 women — with no known 
disturbance of taste or salivary secretion. Their ages ranged from 19 to 28 
years, mean 22- In all 45 both taste and submandibular salivary secretion were 
examined.

The follow-up group

This group comprised 52 patients — 21 men and 31 women — ranging in 
age from 16 to 65 years, mean 40; the means for the men and women, se
parately, were also 40. The larger number of women than men is consistent 
with the view that the incidence of clinical otosclerosis is significantly higher 
in females (Larsson, 1960). Most of the patients were around 40 years, the 
age at which otosclerosis often results in hearing impairment of such severity 
as to indicate surgical measures. Because of the elective nature of the operation 
a few of the patients were above 60 years of age.

In all patients a diagnosis of unilateral or bilateral otosclerosis was made; 
this was based on the clinical history and audiologic signs; in all but 3 cases 
it was verified at operation (see page 15). The follow-up material comprised 
the following main groups: Group A — patients undergoing an unilateral opera
tion for otosclerosis with division of chorda tympani. Group B — patients 
undergoing an unilateral operation for otosclerosis with preservation of the
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chorda. Group C — patients with bilateral otosclerosis, where the chorda had 
been divided on one side at an earlier operation and was preserved on the 
other side at the relevant operation.

Forty-two of the otosclerosis group had neved had an ear operation and 
the taste examinations were performed pre-operatively; the salivary secretion 
was examined in 38 of them (Table 1).

TABLE 1. Presentation of the material. Groups: A and B — number of patients examined 
with respect to taste and salivation before and after the relevant operation.

Chorda tympani

A. Divided unilaterally B. Preserved unilaterally
Taste Salivation Taste and salivation Taste Salivation

I. No previous operation 25 21 17 42 38
II. Operated on before 5« 5« — 5 5

Total 30 26 17 47 43

a The 5 patients in group A had earlier undergone an operation for otosclerosis on the ear that 
was now operated upon; the chorda had been preserved. The taste and salivary secretion 
were equal on the two sides and within normal limits and there was no subjective disturbance 
of these functions. These 5 patients were therefore regarded as completely comparable with 
the others in this group.

A preoperative registration of taste was performed in all 551 patients in group 
A to C and salivation in 51 of them (Table 2). The difference of 4 is due to 
the fact that in 2 cases cannulation of the submandibular ducts was unsuccessful, 
and in another 2 the salivary secretion was not tested because of signs of allergy. 
(As betacholine can elicit attacks of asthma or affect the cardiac function — 
Enfors, 1962 — patients with a history of allergy or evidence of heart defects 
should be excluded.)

TABLE 2. Group A—C — patients examined before and after the relevant operation. In 
group C one year earlier, the chorda tympani had been divided on the non-relevant 
side.

Group A Group B Group C° Total

Taste Salivation Taste and Taste and Taste Salivation
salivation salivation

Number of patients 30 26 17 8 55 51

a Group C consists of 8 patients with bilateral otosclerosis; 3 of these were first examined in 
group A and followed up for one year before the relevant operation; the other 5 were 
examined only in connection with the relevant operation.

1 The reason that Table 2 reports 55 patients in group A to C though the actual number of 
different subjects was 52 is that 3 patients in group A were later also included in group C 
when an operation was done in the other ear and the effects of bilateral operations were 
studied.
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Follow-up examinations. — At each follow-up examination the patients were 
interviewed with respect to subjective impairment of taste and secretion prior 
to the objective examinations. The numbers of patients followed and examined 
in each group on each occasion are shown in Table 3.

TABLE 3. Follow-ups. Number of patients examined at various times.

Unilateral operation Bilateral operation

Chorda tympani C. Chorda tympani
divided on one side,

A. Divided B. Preserved preserved on
relevant side

Taste Salivation Taste and salivation Taste and salivation

Time of examination
Before operation 30 26 17 8
1 week after operation 30 26 17 8
1 month after operation 20 20 13 7
3 months after operation 20 20 11 5
6 months after operation 20 19 11 6

12 months after operation 22 21 12 7

Group A. — This group comprised the patients with normal preoperative 
taste and secretory values who had undergone unilateral division of chorda 
tympani. (Tables 1—3). In 30 an examination of taste was carried out before 
and one week after operation; in 26 among these the submandibular secretion 
was examined. In 8 patients of this group the taste examination was performed 
only one week after operation; in 5 of these, the secretion, too, was recorded. 
Two found the procedure thoublesome and refused further examinations; in 
the other 6 the sole purpose of the examination was to compare the results 
before and one week after the operation. Twenty-two of the 30 subjects com
prising group A were followed up and submitted to taste examinations before 
operation and one week and 12 months after. In all but one of these a cor
responding secretory examination was performed. These patients, 22 and 21, 
respectively, were also examined 1, 3 and 6 months after operation, but on 
each occasion 4 different patients did not attend; however, any one of these 
did not miss the examination more than once. The reason that they did not 
keep their appointment on one occasion was that they lived a long way off.

Group B. — In 17 patients (Tables 1—3) with normal taste and secretion 
values before the operation a unilateral operation was carried out with pre
servation of chorda tympani. In 5 of these complete normalization of subjective 
and objective taste and secretory disturbances was observed — after one week 
in 1, one month in 3, and 6 months in 1 patient — and the follow-up was 
accordingly terminated.
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Because of the long journey 4 patients did not attend all the 1-, 3- and 6- 
month examinations (see Table 21). However, all 12 subjects followed for one 
year were examined after 1 week and 12 months, respectively.

Group C. — In 8 subjects the chorda tympani had been divided in one ear 
at operation one year before, and the taste thresholds and the salivary secretion 
were not normal on the side of operation. They were, however, not excluded 
from the series. A new operation for otosclerosis was then performed on the 
other ear, the chorda being preserved. Taste and salivary secretion were ex
amined at the usual intervals for 12 months. One patient disclosed no signs of 
damage on the side of the preserved chorda after one month and the follow-up 
was accordingly terminated; the other 7 were followed up further. Because they 
lived a long way off 3 patients did not attend on each occasion (Tables 3 and 
22). However, all 7 examined after one week also attended after 12 months.

Operation and chorda tympani. — In all cases the middle ear was reached 
by the transmeatal route. The operation was performed under local or general 
anaesthesia. The total number of ears operated on in this series was 55 (Table 2; 
groups A—C).

The meaning of term ”operation of the middle ear” varies in its meaning 
according to the pathology (Table 4). The usual operation in this series was 
stapediolysis by Fowler’s method, or stapedectomy by the method of Schu- 
knecht. In 30 ears the chorda was divided and in 25 ears it was preserved. The 
3 cases in the ”preserved” group, where explorative tympanotomy was per
formed, all showed audiologic signs of otosclerosis but clinical otosclerosis 
could not be verified at operation; 2 of these were subsequently (1968) operated 
on for otosclerosis.

TABLE 4. Fate of the chorda tympani in connection with various types of operations (55 ears).

Chorda

Divided

tympani

Preserved

Mobilization or stapediolysis 22 17
Stapedectomy

Method of Schuknecht 7 3
Method of Portmann-House 1 2

Explorative tympanotomy — 3
Total 30 25

In the cases in which the chorda was preserved at the operation efforts were 
made to record accurately the various manipulations of the nerve.

Special note was taken of the following: (1) whether the chorda was lying 
free or whether it was partly or wholly situated in the bone overlying the
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stapedial region; (2) whether any drilling of the bone had been performed, 
especially around the actual nerve; (3) the manipulations of the nerve, including 
whether it had not been touched at all, whether it had been stretched or dis
placed, whether the nerve sheath had been damaged and whether there was 
evidence of bleeding from the nerve; and (4) whether the surgeon considered 
that he had left the nerve unimpaired or had interfered with it, and then to 
what extent.

In 4 of the 5 subjects previously operated on with preservation of chorda 
tympani Rosen’s original method had been used; in the fifth stapediolysis. The 
chorda function was normal in all 5.



SECTION IV

Methods

Examination of taste
A. Sapid solutions
Clinical tests of taste were performed with sapid solutions by a modification of 
Börnstein’s method — a semi-quantitative test of taste. A range of molarities of 
the sucrose and saline solutions was chosen. This modification was made in 
the light of the results of electrophysiologic experiments on taste in man re
ported by Zotterman et al. and the relation between these values and the 
psychophysical taste response to the same stimuli. The psychophysical threshold 
concentration for cane sugar in man is 0.017 M (von Skramlik, 1926). Electro- 
physiologically, the threshold of neural response of the chorda tympani to cane 
sugar is just above 0.02 M (Diamant et al., 1963). The concentrations of the 
sugar solutions were therefore chosen so that the lowest strength corresponded 
to the observed threshold, after which there was a gradual rise in the steps used 
by Diamant et al. (Table 5). Of the various sugar solutions cane sugar gives 
the highest neural response and is therefore a good substance for testing the 
sweet quality. The psychophysical threshold for saline is about 0.01 M (von 
Skramlik, 1926), which value is consistent with the results of an electrophysio
logic study by Diamant et al. (1963). The molarity of the saline solutions was 
therefore chosen so that the lowest strength was at or below the threshold 
(the psychophysical and electrophysiologic thresholds) and highest at a point 
where the response was almost a maximum.

TABLE 5. Solutions used in the testing of taste acuity.

Sucrose M 0.02 0.05 0.1 0.5 1
Saline M 0.01 0.02 0.05 0.1 0.5
Citric acid % 1 5 10
Quinine HC1 °/o 0.075 0.5 1

For citric acid and quinine the strengths recommended by Börnstein were 
used, since a no similar correlation study has yet been performed for these 
solutions.

The solutions were stored at room temperature. Because of the risk of bac
terial growth the sucrose solutions and citric acid were changed at intervals of 
about 2 weeks.
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The subject was required to abstain from smoking and food for the 2 hours 
prior to the examination. Before the seated subject was placed a scheme con
taining the six possible choices: no taste — unidentifiable taste — sweet — 
salt — sour — bitter. Before the test the subject was required to rinse his 
mouth with distilled water. The sapid solution was applied with a cotton stick 
so as to moisten the lateral border of the tongue for a distance of 1—IV2 cm 
from the tip, the midline not being approached closer than 1 cm; care was 
taken to avoid excess liquid that would spread over the tongue.

The same method of applying the stimulus has been used by Feldman & 
Maier (1959), Motta et al. (1964) and others. By colouring the solutions with 
methylene blue it was found that when applied with cotton sticks it spread 
over an area 8—10 mm in diameter (Motta et al., 1964).

In the case of damage to the chorda tympani on one side a definite difference 
in response between the two sides was observed. Between each application the 
mouth was rinsed with distilled water. A start was made with the weakest 
sucrose solution, the strengths then being increased until the solution was 
identified. This was followed by the saline, again in order of increasing con
centration. Only when the threshold for sucrose and saline had been definitely 
identified and a normal taste function for sweet and salt or a uni- or bilateral 
loss of taste had been recorded were the quinine and citric solutions tried, and 
then in the sequence: 1 per cent citric acid, 0.075, 0.5 and 1 per cent solutions 
of quinine hydrochloride, 5 and 10 per cent solutions of citric acid. The citric 
acid solutions were placed last in the series because they are so strong that 
they might produce some lesion of the epithelium of the tongue; the sequence 
was also chosen with regard to the fact that both quinine hydrochloride and 
citric acid result in a considerable increase in threshold in the subsequent testing 
with, for instance, saline.

The subject was required to identify a solution within 10 seconds; if he failed 
to do so the solution was applied immediately to the opposite side. In the case 
of a unilateral impairment, identification was usually instaneous; in the case of 
doubt, the test with the same concentration was repeated — several times if 
need be — with saline and sucrose alternately.

B. Electrogustometry
The electrical technique was also used to obtain a quantitative measure of 
taste. The design of the apparatus is the one described by Madsen Electronics 
(1970). It was constructed according to Krarup’s instructions1 and is a modifica
tion of the one he describes in his thesis 1965. In a control group he found 
that electrical stimuli below 2.5—3 pa were not recognized. Because the origi
nal method involving 40 steps was unnecessarily complicated in clinical use a 
simplified one with 23 units was worked out. Extremely low currents are

1 Kramp, B., 1965: Personal communication.
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10 12 14 16 18 20 22 ECU

FIGURE 3. Plot of microampéres versus 
EGU units.

FIGURE 4. Electrogustometer, experimental 
arrangement.

applied to the tongue via the active electrode (the anode). By means of an 
alternator this stimulus is divided into 23 steps, EGU units, covering a range 
of 2.5—370 pa, the difference between each EGU step being about 25 per cent; 
that is to say, the stimulus increases logarithmically. The equivalent in electro- 
gustometric units to the current in microampéres is obtained from the graph 
in Figure 3. The design of the apparatus is shown in Figure 4. The anode is a 
stainless steel disc 5 mm in diameter; this is considered to stimulate a suitable 
number of papillae and, at the same time, a restricted part of the tongue. It is 
furnished with a concealed silent pedal switch and can be applied to the tongue 
with or without current. The passive electrode (the cathode) is a 4X5 cm flat 
steel strip, which is applied to the wrist. To give the patient an opportunity 
to recognize the typical metallic (anodal) taste a trial current of 100 pa (18 
EGU) is applied for a period of 1—IV2 seconds. Absence of a response to 
370 pa (23 EGU) points to a total loss of taste, or augesia (Kramp, 19651). The 
actual test is started at 1 EGU and increased in steps of 3 EGU until the 
typical taste is recognized. The right and left sides of the tongue are tested 
alternately. Between each stimulation the tongue is drawn in. The electrode 
is occasionally applied without current. At the threshold — the minimum per
cepibile current — such tests are performed for the steps below and just above. 
The threshold value is checked 3 or 4 times.

1 Kramp, B., 1965: Personal communication.
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Secretion study
For examining the function of the chorda tympani the method reported by 
Enfors (1962) was used. The submandibular ducts on both sides were can- 
nulated with polythene tubes (PE-60, Clay Adams), which were inserted 2—2.5 
cm (Figure 5). By means of a specially designed drop counter (Figure 6) it is 
possible to measure the flow of saliva from the four major salivary glands on 
a two-channel Mingograf (Elema) (Figure 7) (Diamant & Wiberg, 1965). Each 
deflection on the Mingograph paper denotes one drop (= 0.06 ml). In this 
study, however, attention was concentrated on the simultaneous recording of 
submandibular secretion.
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The salivary secretion was recorded after stimulation with 1 or 6 per cent 
citric acid and during constant intravenous infusion of betacholine for 5 mi
nutes. Of the weaker citric acid solution 3 drops were instilled on the midline 
of the anterior part of the tongue every 30 s for a 5-minute period; of the 
stronger solution 3 drops were similarly instilled every 15 s for 2 min and the 
secretion was registered for 5 minutes. Each 5-minute period was separated 
by an interval of 5 minutes.

The patient was ordered to swallow between each instillation of citric acid 
so as to ensure that both the anterior and posterior areas of the tongue were 
reached by the solution, thereby potentiating the stimulation. The volume of 
saliva was measured for 5 minutes during each period.

Betacholine in doses ranging from 0.07 to 0.3 mg/min was considered to 
give a measure of the secretory capacity of the glands. If the secretory response 
to gustatory stimulation was about the same on each side the function of the 
secretory fibres was regarded as intact and no infusion of betacholine was 
required.

Reliability of the method

As the secretion of the salivary glands was recorded simultaneously on different 
channels it was necessary to ensure that these recorded identically. This was 
done by delivering a definite volume of water to each channel via an infusion 
pump. As Table 6 shows, the 4 tested channels may be regarded as equivalent 
from the standpoint of registration (significant at the 1 per cent level).

TABLE 6. Check of the 4 channels of the drop counter. Continuous infusion of a known 
dose of water.

Channel 1

Drops in

2

5 minutes

3 4

Test no. 1 100 97 98 99
2 97 98 99 98
3 100 99 100 99
4 99 98 99 100
5 100 100 99 98

Mean 99.2 98.4 99.0 98.8

One possible source of error is an abnormally low flow from the submandi
bular gland on one side due to impairment of taste on that side (Krasnogorski, 
1931). To ascertain whether this was actually the case the reflex secretion from 
the submandibular glands on gustatory stimulation was examined in 5 control 
subjects before and after surface analgesia. In spite of the analgesia of the 
anterior two thirds of one side of the tongue with 0.3 M panthocaine the 
secretory response was largely the same on the right and left sides. According
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to von Skramlik (1963) 0.3 M panthocaine produces strong surface analgesia 
for citric acid on lingual stimulation.

Examples of the typical results in a control subject and a patient with uni
lateral division of the chorda tympani are shown in Figure 8.

BEFORE OPERATION

TIME O' 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

AFTER OPERATION 
(RIGHT CHORDA TYMPANI DIVIDED)

R. PAROTID GLAND

DROPS 0

L PAROTID GLAND

DROPS0

R. SUBMANDIBULAR

DROPS 0

L.SUBMANDIBULAR GLAND

DROPS 0
1% CITRIC ACID BV« CITRIC ACID| 0.2mg BETA- 

I I CHOLINE
REST

TIME 0 1 2 3 A 5 6 7 8 9 10 11 12 13 K 15 16 17 19 20

FIGURE 8. Typical recording of salivary secretion during 5-minute intervals, with various 
stimuli. Left. — Normal innervation of the parotid and submandibular glands. 
Right. — Unilateral division of the chorda tympani.



SECTION V

Results

The results and comments are presented under the following headings.

(a) Anatomic relations of the chorda tympani at operation.

(b) Comparison between the preoperative chorda tympani function in the con
trol and otosclerosis group, respectively.

(c) Subjective impairment of taste in the case of 
(/) unilateral division of the chorda tympani,
(/'/) unilateral operation for otosclerosis with the chorda tympani pre

served, and
(iti) bilateral operation for otosclerosis with the chorda tympani divided on 

one side and preserved on the other.
Comments.

(d) Objective assessment of the sense of taste examined with solutions and/or 
electrogustometry under the conditions (/), (//) and (iti) above.
Comments.

(e) Subjective assessment of salivation under the conditions (/’), (/’/) and (in) 
above.
Comments.

(/) Objective salivation tests under the conditions (/), (it) and (Hi) above. 
Comments.

(g) Manipulation of the chorda tympani and the surgeons’ view in the case 
of preserved nerve versus objective findings relating to taste and salivary 
secretion.
Comments.
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{a) ANATOMIC RELATIONS OF THE CHORDA TYMPANI 
AT OPERATION

The 52 subjects in groups A, B and C (55 ears, Tables 1 and 2) were examined 
before and after the relevant operation, and in these 55 ears it was possible 
to record various manipulations of the chorda tympani during operation.

To obtain a clear view of the middle ear it is usually necessary to remove 
bone from the posterosuperior part of the tympanic ring (Rosen, 1952). The 
approach to the middle ear, and especially to the stapes plate, is often seriously 
obstructed by the chorda tympani, even though the covering bone has been 
removed by drilling.

The chordas’ anatomic relation to the bone in the meatal ring was studied 
in the 55 ears. In the same subjects the extent of the drilling in the region of 
the posterosuperior bony meatal rim, the ”spur”, and the posterior iter of the 
chorda was recorded. The chordas’ relation to the bone and the extent of the 
drilling was examined (Table 7). In 9 out of 23 much drilling was required 
even when the chorda was running free. In the case of a completely covered 
chorda much bone had invariably to be drilled away. Part, if not the whole, 
of the chorda was occasionally adherent to the drum, so that when the drum 
was being freed from its attachments there was a risk that the chorda would 
be torn off. This was especially the case when an earlier operation had been 
performed on the same ear (Table 8). The relation between the chorda and 
the drum, and the measures to which the chorda was subjected when freeing 
the drum, are shown in Table 8. The subjects are the same those as in Table 7.
TABLE 7. Route followed by the chorda tympani in relation to the meatal bone area covering 

the stapes region; extent of drilling at operation (55 ears).

No drilling
Small amonut of 

bone removed
Much bone 

removed Total

Chorda free 3 11 9 23
Chorda pardy in bone 2 4 21 27
Chorda endrely in bone — — 5 5

TABLE 8. Anatomic observations of the chorda tympani s relation to the ear-drum at the
first and subsequent operations (55 ears).

No of Percentage of total
patients in each group

I. Chorda tympani adherent to ear-drum 7
First operadon 3
Second operation 4

Chorda tympani accidentally divided at operation 5 71
II. Chorda tympani free from ear-drum 48

First operation 47
Second operation 1

Chorda tympani accidentally divided ;it operation 0 0
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Comments

In drilling the bone in the vicinity of the chorda to obtain a clear view of the 
stapes foot-plate there is a risk of damage to the chorda through the heat 
generated. It was often necessary to drill away bone even when the chorda was 
not passing through bone. However, when it was completely covered much of 
the adjacent bone had to be removed, and then the risk of damage was greater. 
There is an obvious risk of damage to the chorda during a second operation 
on the same ear. The chorda was partially or complete adherent to the ear-drum 
in 3 out of 50 (6 per cent) of the patients never operated on before and in 4 out 
of 5 (80 per cent) of those where an earlier operation had been performed on 
the same ear.

(.b) COMPARISON BETWEEN THE CHORDA TYMPANI 
FUNCTION IN THE CONTROL GROUP AND 

THE OTOSCLEROSIS GROUP PREOPERATIVELY

Taste examinations: Semi-quantitative test

In the group of the 45 healthy students (group S) the taste thresholds were 
examined for any right-left difference. The mean threshold for each side of 
the tongue for the various solutions was also determined. A 4- or 6-point scale 
of acuity was used; an acuity of 5 implies that the patient identified the lowest 
concentration of the sucrose or saline solutions, and the taste thresholds was 
then low. For the citric acid and quinine hydrochloride an acuity of 3 represents 
the highest acuity. An acuity of O implies that the subject did not recognize 
the strongest solution in the respective series (Table 9).

TABLE 9. Concentration of the solutions used in the testing of taste acuity classified ac
cording to a 4- or 6-point scale.

0 1

Taste acuity

2 3 4 5

Sucrose M a 1 0.5 0.1 0.05 0.02
Saline M h 0.5 0.1 0.05 0.02 0.01
Citric acid, °/o c 10 5 1
Quinine HC 1, °/o d 1 0.5 0.075

a 1 M solution not identified c 10 per cent solution not identified
^ 0.5 M solution not identified d 1 per cent solution not identified
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TABLE 10. Right—left difference in taste threshold for anterior two thirds of the tongue. 
Sucrose (45 subjects) and citric acid (45 subjects).

Taste threshold

Right Left No. of
side side Difference subjects

5
5
4
4
4

3
3
3
2
2

Mean threshold 3.9

3

Mean threshold 3

SUCROSE
5
4
5 
4
3

4 
3 
2 
3 
2

3.9

0
+ 1 
— 1 

0
+ 1
— 1 

0
+ 1 
— 1 

0

CITRIC ACID 
3 0

3

8
4 
0

17
1
5 
7 
0 
1 
2

45

The taste thresholds for stimulation with sucrose and citric acid were dis
tributed as shown in Table 10.

The proportions of subjects recording a right-left difference in thresholds 
for the four taste qualities were as follow: sucrose 11 out of 45 (24 per cent), 
saline 12 out of 45 (27 per cent), citric acid 0 out of 45 and quinine 0 out of 45. 
For each of the qualities the difference between the right and left side never 
exceeded one step.

The values for the group of 42 patients with otosclerosis but never operated 
on (mean age 40; 16 men and 26 women) were similar to those for the control 
group, none of the patients recording a right-left difference of more than one 
step in taste threshold.

A study was also made of the mean thresholds for the four qualities in the 
2 groups (Table 11).

TABLE 11. Mean thresholds for the four taste qualities and average age in group S (students) 
and group O (otosclerotic subjects).

R, Right side L, Left side

Sucrose Saline Citric acid Quinine
No. of subj. Mean age RL RL RL RL

Group S 45 22 3.9 3.9 3.4 3.4 3.0 3.0 3.0 3.0
Group O 42 40 3.3 3.1 3.1 3.0 2.8 2.9 2.9 2.9
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As the table shows, the mean taste thresholds were generally somewhat lower 
in the otosclerosis group, but the differences were rather small.

Electrogustrometry. — In group S (45 students) the electrical threshold varied 
from 1 to 12 EGU with a mean of 2.4 EGU for the right side and 2.5 EGU 
for the left. In 43 out of the 45 subjects the threshold was 6 EGU or lower; 
in the other 2 cases it was 10 and 12 EGU. For the only 8 cases to record a 
right-left difference this was 1 EGU. As preoperative electrogustometry was 
performed in only 5 otosclerosis subjects no comparison was made between 
control group and otosclerosis group.

Comments

That with the modified Börnstein method the mean thresholds for the four 
qualities differed slightly between the control group and the otosclerosis group 
is probably due to an increase in the taste threshold with age (Börnstein, 1940; 
Ranner, 1956; Hinchliffe, 1958; Glanville, 1964; Krarup, 1965). The important 
fact remains that with the method of the present study, in no subject did the 
differences between the two sides exceed one step in either group. Since there 
is often a fairly large difference in threshold between persons, a clinical study 
of taste will be primarily concerned with a comparison between sides (Feldman 
& Maier, 1959; Krarup, 1965). According to Krarup1, with his modified method 
a right—left difference of 2 EGU or more at electrogustometry may be regarded 
as pathologic. This is consistent with the figures obtained for the control group 
of 45 students in the present study, where the method was, of course, the same 
as Krarup’s. The mean threshold of 3.5 pa for the control group is even lower 
than the one found by Bull (1965); in subjects under 30 years he obtained a 
mean threshold of 30 pa, but his method differs from the one used here. With 
a modification of Krarup’s method Miyoshi et al. (1968) recorded threshold 
values between 2—25 pa in 141 normal subjects.

Conclusions. — As none of the four taste qualities showed a right—left dif
ference in threshold of more than one step in any of the subjects, a difference 
of 2 steps or more in this method of semi-quantitative testing may reasonably 
be considered to indicate an impairment of taste on the side with the higher 
threshold.

With the method of electrogustometry used here a right—left difference of 
2 EGU or more was taken as an indication of imparied taste on the side with 
the higher EGU value.

Krarup, B., 1965: Personal communication.
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Salivary secretion

These examinations were performed in the control group of 45 students and 
the group of 38 otosclerotic patients (page 13). In the 38 subjects with a diag
nosis of otosclerosis no ear operation had ever been performed (14 men and 
24 women; mean age 40).

In all the 83 subjects examined the submandibular glands were clinically 
normal and none displayed evidence of impairment of the innervation of the 
salivary glands. The glandular secretion was examined at rest, on stimulation 
of the tongue with 1 and 6 per cent citric acid, and on intravenous infusion of 
betacholine.

The secretion induced by citric acid was studied in all 38 of the otosclerosis 
group, while the betacholine-induced secretion was examined in only 36. Citric 
acid stimulation and betacholine infusion were performed in all 45 students 
of the control group.

Quantitative study. — The quantitative secretion on stimulation with 1 and 
6 per cent citric acids and on betacholineinfusion varied considerably from one 
subject to another (Figure 9). For each of the subjects in the two groups the 
secretion from right and left submandibular glands was measured and the 
mean taken as a representative value {a) of the salivary secretion of the subject 
(Table 12).

The group mean {a) was lower for the otosclerosis patients, but the dif
ference was significant only for 6 per cent citric acid; with this solution the 
mean for the two groups combined was 94 drops in 5 minutes; for the control 
group the mean was 98 and for the otosclerosis group 88. The difference is 
just significant at the 5 per cent level (one-tailed t test). With 1 per cent citric

FIGURE 9.
Distribution of control and 
otosclerotic patients by se
cretion of the submandi
bular glands; mean of the 
right and left secretions, 
expressed as the number of 
drops in 5 minutes; stimu
lus: 6 per cent citric acid. 
(83 subjects; x = ä = 94).

DROPS IN 5 MINUTES
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TABLE 12. Secretion recorded for the control and the otosclerosis groups. The secretion is 
taken as the average for the right and left glands, a, expressed in drops per 5 
minutes; 1 drop = 0.06 ml.

Secretion, a,
No. of 
subjects Mean Range

1 PER CENT CITRIC ACID
Control group 45 68 20 —152
Otosclerosis group 38 54 13 — 151

6 PER CENT CITRIC ACID
Control group 45 98 40—161
Otosclerosis group 38 88 22 — 231

BETACHOLINE, INTRAVENOUSLY
Control group 45 74 26—155
Otosclerosis group 36 72 25 — 161

acid the mean for the two groups combined was 61 drops, respective values 
being 68 and 54. The difference is not significant. Nor was it for the betacholine- 
induced secretion.

Comments

The large inter-subject variation in the secretion on stimulation with citric acid 
and betacholine is probably due in some measure to the difference in the size 
of the glands (Ericson, 1970). The mean ages of the control and otosclerosis 
groups were 22 and 40 years; from values obtained with 6 per cent citric acid 
the submandibular salivary secretion would seem to diminishe with age, prob
ably owing to the onset of fat involution and atrophic changes in the salivary 
glands (Waterhouse & Winter, 1964).

Left—right relationship with bilateral recording

The relation between the secretory responses of the submandibular gland on 
the right and the left sides can be expressed as a ratio of the respective re
sponses y and x. This ratio y/x will be designated q. It was calculated for the 
control group (45 students) on gustatory stimulation with 1 and 6 per cent 
citric acid solutions and intravenous infusion of betacholine. For 6 per cent 
citric acid the distribution of q did not conform completely to the normal curve 
(Figure 10). The same applies to all three types of stimulation in the control 
group. However, the sign test shows that the expected value of q did not 
deviate significantly from unity for any type of stimulation. For the control 
and otosclerosis groups a closer analysis was made of the variation of q in the 
case of stimulation with the citric acid solutions and with betacholine (Table 
13).
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n

q = 0.73

FIGURE 10.
Range of the ratio q for 
the secretion from the sub
mandibular glands in 45 
control subjects. The value 
for the right gland is in the 
numerator. Stimulus: 6 per 
cent citric acid. 
q = mean ratio; q = 0.73 
(lower tolerance ratio); 
q = 1.37 (reciprocal of
0.73).

TABLE 13. Study of the ratio (q) between the submandibular secretions of the right and left 
sides for various stimuli.

No. of 
subjects

Mean 
of q

S. D.
of q q min q max

Stimulus I. CONTROL GROUP
1 per cent citric acid 45 1.04 0.18 0.75 1.41
6 per cent citric acid 45 0.99 0.13 0.74 1.35
Betacholine i. v. 45 0.99 0.13 0.81 1.33

II. OTOSCLEROSIS GROUP
1 per cent citric acid 38 1.02 0.18 0.73 1.50
6 per cent citric acid 38 0.99 0.15 0.72 1.36
Betacholine i. v. 36 1.03 0.17 0.69 1.51

The otosclerosis group comprised 21 subjects with unilateral otosclerosis 
and 17 with bilateral otosclerosis; in those 17 however, the disease was more 
prolonged on one ear.

In the subjects with unilateral otosclerosis the submandibular secretion was 
lower on the otosclerotic side in 12 out of 21 for one per cent citric acid, in 
8 out of 21 for 6 per cent citric acid and in 11 out of 20 for betacholine. For 
all types of stimuli the values for the ratios between the secretory responses 
from the glands of the otosclerotic and normal sides were distributed fairly 
symmetrically about unity. There was thus no significant difference between 
the sides, and it may be inferred that, clinically, otosclerosis as such does not 
affect the function of the chorda tympani nerve.

In the subjects with bilateral otosclerosis the submandibular secretion was 
lower on the side of the more prolonged otosclerosis in 8 out of 16 for one 
per cent citric acid, in 9 out of 16 for the 6 per cent acid and in 7 out of 15
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for betacholine. (In one case for each stimulus the response was the same on 
both sides.) Here, too, ratios between the responses on the side of the more 
prolonged otosclerosis and the other side were fairly symmetrically distributed, 
and hence otosclerosis would appear not to influence the function of the chorda 
tympani.

The same calculations as were described for the control group were per
formed in these 38 cases of otosclerosis. The secretion for the right gland was 
placed in the numerator of the ratio q.

For neither the control nor the otosclerosis groups and for any type of stimu
lus did the expected value of q differ significantly from 1 (at the 1 per cent 
level) as shown and there was thus no predominance for the right or left side. 
For all types of stimuli about half the values of the ratio were below 1.

Application of Student’s test to the control and otosclerosis groups in respect 
of the ratios for the three types of stimulation gave values of t less than 1 in 
all cases; there was thus no significant difference; that is to say, the mean 
ratios for the control groups did not differ significantly from those for the 
group of otosclerosis cases. The distribution of q was slightly broader in the 
otosclerosis group, at least for betacholine.

The values of the ratio for the betacholine group ranged from 0.81 to 1.33 
for the control group (45) and for 33 out of the 36 patients comprising the 
otosclerosis group. Ninety-six per cent of the values were thus within these 
limits.

In practice it is important to decide whether the secretory response to citric 
acid stimulation is significantly reduced for the chorda tympani of one side, 
that is to say, whether there is a real disturbance of the reflex arch. The lower 
limits for the response induced by citric acid and betacholine were therefore 
examined more closely.

Determination of the tolerance limits. — The values of the ratio for the two 
groups combined and for the three types of stimuli were fairly symmetrically 
distributed about unity but for no type of stimulus did they conform completely 
to the normal distribution curve for any type of the stimulus. (Figure 10).

Excluding the criteria of a normal distribution of the values of the ratio 
when the lower tolerance limits for the ratio q were to be determined a non- 
parametric test was chosen (Jilek & Likar, 1960). To determine this lower 
limit the reciprocals of the values above 1 were used — for instance, q = 1.33 
becomes q = 0.75. In a case of an unusually high ratio this might be due to 
a disturbance of the reflex arch on the left side. In this case the left side is 
placed in the numerator of q.

For the three types of stimuli in the control and otosclerotic groups combined 
the one-tailed lower limits were determined. With a probability of 90 per cent 
at least 95 per cent of all normal subjects had values for the ratio that lay 
above these limits (Jilek & Likar, 1960). These limits corresponded in the 
material to the next lower value of q for the respective stimuli (Table 14).
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TABLE 14. Lower tolerance limits of the ratio q for the submandibular gland secretion. Side 
with lower secretion placed in the numerator.

n
Lower tolerance 

limit for q Reciprocal of q

1 per cent citric acid 83 0.69 1.45
6 per cent citric acid 83 0.73 1.37
Betacholine i. v. 81 0.69 1.45

The results of the secretory examination of the control group of the 45 
students are presented graphically in Figure 11. The points (x, y) are con
centrated about the line y = x, For one per cent citric acid no value lies outside 
the limits y = 0.69 and y = 1.45 and for the 6 per cent solution y = 0.73 
x and y = 1.37 x. For betacholine they are y = 0.69 x and y = 1.45 x.

Reflected in the line y = x, the line y = 0.69 x becomes y = 1.45 x, and 
likewise y — 0.73 x become y = 1.37 x. These limits are selected on the basis 
of the non-parametric test mentioned above.

Comments and conclusions

So far as the chorda tympani is concerned cases of uni- or bilateral otosclerosis 
may be regarded as completely comparable with the normal control subjects; 
for there is no medical reason why otosclerosis should interfere with the chorda 
tympani function, the morphologic changes in otosclerosis occuring in the 
labyrinthine capsule.

There was no significant difference between the control and the otosclerosis 
groups and the values of the ratios were therefore combined. For all the stimuli 
the values of the ratio in both groups were fairly symmetrically dispersed about 
unity, there thus being no predominance for either side.

In the determination of the lower tolerance limit for the ratio q the side with 
the lower secretion was placed in the numerator, and as the control and oto
sclerosis groups did not differ significantly from each other in this respect they 
were combined. The lower tolerance limit for the 1 per cent citric acid was 
0.69, for the 6 per cent solution 0.73, and for the betacholine 0.69. The slightly 
higher limit for the 6 per cent than the one per cent citric acid is probably 
due to a higher maximum stimulation of the reflex arch for the stronger solu
tion. These limits were taken as representative of the healthy subjects of all 
ages and both sexes — with the minor reservation that the student group, with 
a mean age of 22, was in the majority.

The chorda tympani function can be evaluated in a more objective manner 
with the described method than by taste examination. When the secretory 
ratio is calculated the side of a suspected nerve disorder should be placed in 
the numerator. The lower the citric acid response, the greater the functional
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impairment of the secretory fibres in the chorda tympani. The administration 
of betacholine enables a test to be made of the recording apparatus and the 
salivary gland itself.

(c) SUBJECTIVE IMPAIRMENT OF TASTE

Material. — Subjective impairment of taste was followed for 12 months in 
22 patients in whom unilateral division of the chorda had been performed (see 
Table 3, group A). Four patients did not attend one of the control examinations 
(see page 14). In the group having a unilateral operation with the chorda pre
served (see Table 3 group B) 17 patients are presented as followed up for 
12 months; in 5 of these, however, the chorda function was completely nor
malized before the year had elapsed — in fact, in 1 week for one subject, 
1 month for 3 and 6 months for the fifth — and the last values recorded have 
been taken for the rest of the follow-up period. The variation within the group 
during the follow-up is described on pages 14—15.

The variation within the bilateral operation group (Table 3, group C), with 
the chorda divided on one side and preserved on the other, relevant, side, is 
also presented on page 15- In one subject the function on the preserved side 
was completely normal after one month, and the values then obtained were 
used for the rest of the period.

The degree, duration and frequency of the subjective impairment of taste 
in the various groups are presented in Tables 15 and 16. The grading was 
according to a three-point scale:

0, no disturbance of taste at all;
+ , a minor disturbance, which the patient noticed only on questioning and 

did not find at all troublesome;
+ +, a major disturbance, which the patient had obviously noticed and which 

occasionally caused discomfort.

RESULTS

After one week symptoms of impaired taste were noticed in 10 out of the 
22 patients (45 per cent) comprising the group in which the chorda was divided 
unilaterally, in 5 out of the 17 (29 per cent) with unilateral preservation of 
the chorda, and in 6 out of the 8 (75 per cent) in the bilateral operation group. 
Twelve months after the operation the respective figures were 12/22 (55 per 
cent), 4/17 (24 per cent) and 4/8 (50 per cent). Thus, the proportion of subjects 
with symptoms changed rather little during the period from one week to one 
year after the operation.
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TABLE 15. Grading of subjective taste impairment. n = number of subjects.

Unilateral operation Bilateral operation

Chorda divided Chorda preserved
Chorda divided one 

side, preserved 
relevant side

n 0 + + + n 0 + + + n 0 + + +

Before operation 22 22 0 0 17 17 0 0 8 5 2 1
Follow-up
examination

1 week 22 12 4 6 17 12 3 2 8 2 2 4
1 month 20 4 3 13 14 6 5 3 7 1 2 4
3 months 20 7 5 8 15 9 3 3 6 2 1 3
6 months 20 9 6 5 15 9 4 2 7 3 0 4

12 months 22 10 8 4 17 13 4 0 8 4 3 1

TABLE 16. Subjective impairment of taste.

Unilateral operation Bilateral operation

Chorda divided Chorda preserved

Chorda divided one 
side, preserved 
relevant side

No. of 
patients

Symptoms 
No. °/o

No. of 
patients

Symptoms 
No. %>

No. of 
patients

Symptoms 
No. °/o

Before operation 22 0 0 17 0 0 8 3 38
Follow-up examination

1 week 22 10 45 17 5 29 8 6 75
1 month 20 16 80 14 8 56 7 6 86
3 months 20 13 65 15 6 40 6 4 67
6 months 20 11 55 15 6 40 7 4 57

12 months 22 12 55 17 4 24 8 4 50

The symptoms did, however, diminish in severity with time. In the 22 pa
tients of the unilateral division group grade + + symptoms were found in 6 
after one week (27 per cent) and in 4 after one year (18 per cent). For the 
unilateral preservation group the corresponding figures were 2 out of 17 (12 
per cent) and none. In the group undergoing bilateral operation grade + + 
symptoms were reported in 4 out of 8 patients (50 per cent) after one week 
and in only one (12.5 per cent) after one year.

In the 2 groups where a unilateral operation had been performed taste 
symptoms were recorded in a greater proportion of subjects after one month 
than after one week (Tables 15 and 16).

The types of symptoms varied in all three groups. The most common ones 
were reduced taste acuity and lingual sensibility and/or a salty or bitter taste. 
In the chorda divided group several reported a metallic taste, which was never 
found in the patients with the chorda preserved.
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Two patients having bilateral operations lost 5 and 7 kg within 2 months 
or so after the last operation, presumably owing to poor appetite and marked 
impairment of the sense of taste.

Comments

In the first year after the unilateral operation with the chorda tympani divided 
or preserved the impaired taste diminished gradually but was definitely more 
prominent in the former group, a result that is consistent with those obtained 
by other authors. Impaired taste was noted in 55 per cent of the patients 12 
months after the chorda had been divided, but in only 18 per cent was it of 
the more obvious type. Twelve months after chorda division, impaired taste 
was experienced in 32 per cent of Bull’s (1965) series and 2 per cent of Ger
hardt & Berndt’s (1967) series. Twelve months after the unilateral operation 
with preservation of the chorda tympani minor taste impairment was found 
in 24 per cent of the present series but in 16 and 2 per cent of Jeppson’s (1969) 
and Gerhardt & Berndt’s (1967) corresponding groups. Thus, even though the 
present series is rather small it is evident that when the chorda was divided 
the impaired taste was both more extensive and more prolonged.

The differences in frequency between the various investigations may be 
ascribed in part to differences in the adopted criteria of taste impairment and 
in the selection of the patients (Moon & Pullen, 1963; Bull, 1965; Jeppson, 
1969.

In the case of bilateral operations with the chorda divided on one side and 
preserved on the other, relevant, side, 4 out of 8 patients reported impaired 
taste after one year, a figure that is in fairly close agreement with that for the 
unilateral division group (55 per cent). It is likely that the symptoms in the 
former group one year after the last operation were associated with the division 
of the chorda on one side.

Of Bull’s (1965) 32 subjects where the chorda was divided on both sides 
78 per cent still had taste disturbances after 12 months. He does not mention 
whether the chorda was divided on the two sides at the same time; it would 
seem unlikely.

(d) TASTE EXAMINATIONS

Material. — The composition of the groups was the same as that reported in 
Section Vc, except that the chorda divided group included the 8 subjects 
examined only before and one week after operation. In the cases where the 
chorda function was completely normalized before one year had elapsed the 
last value recorded was taken for the rest of the follow-up period.

The number of patients in whom the citric acid and quinine solutions were 
used was somewhat lower, especially before the operation and one week and 
one month afterwards. This is due to the fact that these solutions were added 
to the taste examinations at a slightly later stage of the study.
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(i) Unilateral division of the chorda

Semi-quantitative taste examination. — In all subjects there was a permanent 
impairment of taste (Figure 12).

SEMI-QUANTITATIVE TASTE EXAMINATION

□ CHORDA TYMPAN I PRESERVED 
0 » « CUT

SUCROSE

A 1
BEFORE
OPERATION

1 WEEK

TASTE ACUITY

1 MONTH 
POST-OP

6 MONTHS 
POST-OP

3 MONTHS 
POST-OP POST-OP

TASTE ACUITY
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SAUNE

B

OPERATION POST-OP POST- OP

TASTE ACUITY

CITRIC ACID

c
BEFORE

POST-OP POST-OP

TASTE ACUITY

QUININE

BEFORE
OPERATION POST-OPPOST-OP

TASTE ACUITY

FIGURE 12. Distribution of patients according to taste acuity on the anterior two thirds of 
the tongue before operation and at the various times thereafter; chorda tympani 
preserved or divided.
A Sucrose.
B Saline.
C Citric acid 
D Quinine



39

Twelve months after the operation there was no gustatory sensitivity for 
sucrose in 16 out of 22 subjects (73 per cent), for saline in 20 out of 22 (91 
per cent) and for citric acid in 15 out of 22 (68 per cent) and for quinine in
17 out of 22 (77 per cent). It is interesting to note that a few patients con
fidently identified taste solutions on the side of the divided chorda; for instance, 
on stimulation with sucrose one year after the operation 1, 2 and 3 patients 
identified a 0.02-M, a 0.5-M and a l.M solution, respectively.

When, for comparison with the normal side, the taste was reduced two steps 
or more for at least three of the four taste qualities used, the criteria of im
paired taste were fulfilled; with this criteria the taste was significantly reduced 
for all the subjects at all times after operation in this chorda divided group. 
If the 8 patients examined only before chorda division and one week afterwards 
are included, there was a total abolition of taste one week after operation in 
26 out of 30 (87 per cent) for sucrose, 27 out of 30 (90 per cent) for saline,
16 out of 26 (62 per cent) for citric acid and 19 out of 26 (73 per cent) for
quinine.

Electrogustometry. — This study was performed as a supplement to the 
semi-quantitative test, but only 12 months after operation.

In normal electrical taste testing the electrode was applied IV2 cm from the 
tip of the tongue. At 12 months 19 out of 22 patients followed up were tested 
with both solutions and electrogustometry. Seven of the 19 identified some of 
the sapid solutions on the usual stimulation of the anterior two thirds of the 
operation side of the tongue. Care was taken not to apply excess solution so 
that it flowed over the tongue. None of these 19 subjects responded to electrical 
stimulation (370 pa) on this side.

When the electrode was applied nearer the tip than IV2 cm, 15 of the 19 
subjects could identify some anodal taste, and with increasingly confidence as 
the electrode was shifted closer to the tip; this phenomenon was not examined 
in detail.

On inspection of the tongue in the 22 subjects examined 12 months after 
operation only 3 had no more than a few papillae on the anterior part of the 
same side of the tongue, in 6 there were numerous papillae bilaterally, and in 
the other 13 there was a slight reduction in the number of papillae on the side 
of the operation.

(ii) Chorda tympani preserved unilaterally

This group consisted of all 17 patients undergoing a unilateral operation with 
preservation of the chorda and the 8 patients operated on bilaterally, the chorda 
being preserved on the relevant side (Tables 1—3; groups B and C). The total 
number thus was 25.
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Semi-quantitative taste examination. — One week after the operation there 
was total abolition of taste to sucrose in 15 out of 25 subjects (60 per cent). 
A gradual improvement followed, and after 12 months the figure was 0. (Figure 
12).

After one week the mean taste acuity for sucrose had fallen from 3.2 to 1.1 
(scale 0—5; Table 17). The acuity then increased slowly, to reach the initial 
value 12 months after the operation (Figure 13).

TABLE 17. Results of semi-quantitative taste examinations. Mean taste acuity, x (scale 0—5), 
and median taste acuity, P50.
A, Chorda tympani divided. B, Chorda tympani preserved.

Before
operation

Follow-up examination

1 week 1 month 3 months 6 months 1 year

Sucrose A n 22 22 20 20 20 22
X 3.1 0.5 0.6 0.9 0.6 0.6

P50 3 0 0 0 0 0
B n 25 25 21 21 22 25

X 3.2 1.1 1.4 2.1 2.8 3.2
P50 3 0 0 2.5 3 3

Saline A n 22 22 20 20 20 22
X 2.7 0.4 0.2 0.5 0.5 0.4

P5Q 3 0 0 0 0 0
B n 25 25 21 21 22 25

X 3.1 1.2 1.3 1.4 2.1 2.4
P50 3 0 0 1 2 2

Citric acid A n 18 18 18 20 20 22
X 2.8 0.9 0.4 0.9 1.0 0.6

P50 3 0 0 0 0 0
B n 20 20 21 21 22 24

X 2.3 1.7 1.5 1.9 2.5 2.9
P50 3 2 2 2 3 3

Quinine A n 18 18 18 20 20 22
X 2.7 0.7 0.3 0.6 0.5 0.5

P50 3 0 0 0 0 0
B n 20 20 21 21 22 24

X 3.0 1.0 1.4 1.7 2.4 2.4
P50 3 0 1 3 3 3

The tests with saline, citric acid and quinine gave similar results, the taste 
acuity rising gradually; after 12 months total abolition was recorded for saline 
in only 2 out of 25 (8 per cent), for citric acid in no case, and for quinine in 
2 out of 24 (8 per cent). For saline and quinine the initial mean threshold was
not completely reached (Table 17).

Electrogustometry. — In 8 patients out of 17 (Tables 1 and 3; group B) 
taste was examined with both solutions and by electrogustometry 12 months
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chorda tympani divided 
" » preserved

12 moBefore 1 wk

TIME AFTER OPERATION

FIGURE 13.
Variation of the mean taste 
acuity with time after ope
ration; the chorda tym
pani divided or preserved; 
sucrose solution.

after operation. In 6 of them there was a threshold difference of at least 
2 EGU between the normal side and that of operation — that is to say, there 
was a significant impairment of taste. These results differ somewhat from those 
for the semi-quantitative test, where only 3 of the 8 showed a significant left— 
right difference. (A significant difference is taken as one of at least 2 steps for 
at least 3 of the 4 qualities tested).

Seven of the 8 subjects could identity electrical thresholds below 23 EGU. 
One patient was unable to identify 23 EGU on either side.

Of the 12 subjects examined after 12 months 6 had an obviously reduced 
number of papillae on the anterior part of the operation side of the tongue.

(Hi) Bilateral operation with the chorda tympani previously divided 
on one side and preserved on the other; semi-quantitative test and 

electrogustrometry (Tables 2 and 3; group C; 8 subjects)

In the semi-quantitative study these 8 patients were included in the unilateral 
operation group with the chorda preserved, the taste on the relevant side 
having behaved as in these subjects.

In 6 of the 8 some of the solutions were identified even one week after the 
last operation; in 2 cases the taste returned after 6 to 12 months. One patient 
(G. H.), a woman aged 37 years, recognized saline and citric acid on the pre
served side after one week, but not after one and 3 months; 6 months after 
operation, however, the ability had recovered for all the solutions. Another 
patient (I. A.), a man aged 46 years, identified all the solutions one week after 
operation but the subsequent tests were negative until the capacity was re
covered 12 months after operation.

When 12 months postoperatively, the electrical threshold was examined in 
7 patients, the threshold value on the chorda preserved side ranged from 1 to 
22 EGU (mean 9 EGU). On the side of the divided chorda 23 EGU (370 pa) 
was not identified by any subject.
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Comments
Most of the patients with a divided chorda completely and permanently lost 
their sense of taste. In all the subjects there was an obvious impairment, as 
reflected in a significant reduction for at least 3 of the 4 sapid solutions at all 
the follow-ups.

There was no improvement in the mean taste threshold for any sapid solu
tion, and Pso for the taste threshold was zero in all cases (Table 17).

A few patients obviously identified some of the solutions on the side of 
division, and then electrogustometry was an informative supplementary test. 
However, at 12 months none of the 19 examined patients with a severed 
chorda perceived 23 EGU (370 pa) on this side. On the other hand, all but 
one of the 15 patients with the nerve preserved who were tested after 12 months 
responded to electrical stimuli below 23 EGU.

When the combined results of both the semi-quantitative test and electro
gustometry at 12 months are considered, the 22 subjects with unilateral di
vision of the chorda either had no vestige of taste or else there was severe 
impairment.

With the electrical test, taste stimuli were often identified near the tip of 
the tongue. In the 22 subjects with the chorda divided the reduction in the 
papillae on the anterior two thirds of the same side was usually small. It has 
not, however, been established whether there was a crossover of nerve fibres 
from the normal side; this possibility might be examined by the application 
of more advanced neurophysiologic methods in animal studies. The identifica
tion of the sapid solutions on the side of the divided chorda and the recognition 
of electrical stimuli near the tip by some patients might thus be due either 
to transmission of the stimulus to the normal side or to a cross-over of taste 
innervation in the apical area.

In patients with a preserved chorda tympani the semi-quantitative test dis
closed a fairly marked initial impairment. There was a gradual improvement, 
and after 12 months none had reduced taste for sucrose and citric acid, and 
only 8 per cent for saline and quinine. For the sucrose and citric acid solutions, 
but not for saline and quinine, recovery of the mean threshold was complete 
at 12 months.

The results for the patients examined by electrogustometry 12 months after 
operation were largely the same; in some cases, however, there was a post
operative pathologic difference in threshold where the semi-quantitative test 
recorded threshold values within the normal range of variation.

Electrogustometry sometimes gave a better gradation of the reduction in 
taste acuity.

In the bilateral operation group definite differences between the chorda 
divided and the preserved side were observed. After division of the chorda 
the taste did not return, which it did when the nerve was preserved. In 32 
patients in whom the chorda had been divided bilaterally, Bull (1965) found 
total abolition of gustatory function on the anterior two thirds of both sides.
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(e) SUBJECTIVE IMPAIRMENT OF SECRETION

Material: — The composition of the groups is identical with that reported in 
Section Vc. In the cases where the chorda function was completely normalized 
before 12 months had elapsed the last values obtained have been taken for 
the rest of the follow-up period.

Results. — One week after the operation there was subjective xerostomia 
in 11 out of 22 (50 per cent) of the patients in whom the chorda had been 
divided on one side and who were followed for one year.

Of the 17 subjects undergoing a unilateral operation with preservation of 
chorda 2 (12 per cent) experienced xerostomia one week postoperatively, as 
did 3 out of the 8 undergoing bilateral operations where the nerve had pre
viously been divided on one side and, at the time of the new operation, was 
preserved on the relevant side.

Five of the 8 patients in the bilateral group displayed symptoms one month 
after the second operation — that is to say, somewhat more than one week 
postoperatively. In all the groups, however, the xerostomia gradually disap
peared, and after 12 months it was recorded in none of the 17 patients com
posing the chorda preserved group, in 3 of the 22 (14 per cent) in the chorda 
divided group and in 2 of the 8 (25 per cent) composing the group having 
bilateral operations. These 2 patients reported severe dryness and were obliged 
to drink several times each night, but over the course of a year the symptoms 
gradually became less severe.

Comments

As a rule the patients did not report xerostomia spontaneously, this information 
being extracted only by careful questioning. It was reported by only a few 
patients of the group with the chorda preserved, presumably because the reduc
tion in the total secretion of saliva was small.

As the submandibular glands account for the greater part of the resting 
secretion (Schneyer & Levin, 1955; Enfors, 1962), chorda damage or division 
leads to a reduced salivary output under resting conditions. The fact that 
division of the chorda also reduces the secretion of the stimulated parotid 
gland by 30 to 50 per cent (Diamant Sc Wiberg, 1965), implies a further re
duction in the total saliva. Nonetheless, under normal conditions the residual 
secretion will usually suffice to prevent any lasting sensation of dryness of 
the mouth.
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ONE WEEK POST-OP 12 MONTHS POST-OP

RATIO,q q RAT 10,q

6V. CITRIC ACID

ONE WEEK POST-OP 12 MONTHS POST-OP

RATIO,q RATIO.q

FIGURE 14. Ratio, q, between secretory responses on the side of the divided chorda and the 
normal side. Stimulus: 1 per cent citric acid. Upper Left. — One week after 
division of the chorda tympani. q = mean value of q. 0.69 = lower tolerance 
value of ratio q. Upper Rigtb. — One year after division of chorda tympani. 
Lower. — Corresponding graph for ratio q with 6 per cent citric acid as sti
mulus. 0.73 = lower tolerance value of ratio q. Left. — One week after opera
tion. Right. — One year after operation.
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(/) OBJECTIVE SECRETORY TESTS

Secretion tests in unilateral operations with division of chorda tympani

This group (Table 1; group A) comprised 26 subjects examined before, and 
one week after, operation and 21 of them were followed up for 12 months. 
One of these 21 subjects was not examined with betacholine because of great 
difficulty in cannulating the vein for the intravenous infusion. Four subjects 
did not attend follow-ups — each on one occasion — but appeared before 
and later on.

The submandibular secretion elicited by 1 and 6 per cent citric acid was 
measured at regular intervals for up to 12 months after operation. In no case 
and at no time did the ratio q for the patients with divided chorda reach the 
lower tolerance limits for stimulation with either 1 or 6 per cent citric acid 
(Figure 14). There was a gradual increase in the ratio with time. One week 
after the operation the mean of q for 1 per cent citric acid was 0.09. In the 
course of 12 months there was a gradual increase in q, the mean rising to 0.25 
(Table 18). For 6 per cent citric acid the corresponding figures were 0.13 and 
0.26.

TABLE 18. Mean of the ratio q (q) between the submandibular secretions on the side of the 
divided chorda and the normal side at the follow-up examinations. Stimulus: 
1 and 6 per cent citric acid. Only patients followed up for one year are included.

Time after operation

1 week 1 month 3 months 6 months 12 months

Number of patients 21 20 20 19 21
q for 1 per cent citric acid 0.09 0.15 0.18 0.20 0.25

6 » » » 0.13 0.17 0.20 0.26 0.26
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The reflex secretory response gradually increased, until after about 6 months 
it remained fairly constant (Figure 15). Stimulation with 6 per cent citric acid 
solution as a rule gave a relatively greater secretory response from the glands 
on the side of the divided chorda than did the 1 per cent solution. The dif
ference was, however, significant only for the values obtained one week and 
6 months after operation (P < 0.001 by Student’s t test).

The ratios obtained before operation did not show a significant difference 
when tested against each other in the same manner.

The absolute values for the secretion of submandibular glands of the two 
sides after one week on stimulation with 1 and 6 per cent citric acid and 
infused betacholine are presented in figure 16. All the secretion values for the 
citric acid solutions were below the normal range of variation for the reflex 
secretory response. The highest value for the 1 per cent solution was 0.30 x, 
and for 6 per cent 0.42 x.

030 -,

025 -

020-

015 -

6 per cent citric acid 
1 „

005 -

6 mo 1 yeart 1 mo

TIME AFTER OPERATION

FIGURE 15.
Variation of mean value for ratio 
q, q, over 12 months after divi
sion of the chorda tympani. Sti
muli: 6 and 1 per cent citric acid, 
respectively.
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SECRETION ON NORMAL SIDE

20 40 GO 80 100 120 140 160 180

SECRETION ON NORMAL SIDE

6 % CITRIC ACID

BETACHOLINE

FIGURE 16.
Total submandibular secretion on the 
side of operation and the normal side 
in patients with unilateral division of 
the chorda tympani one week after 
operation.
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At one week betacholine stimulation elicited a secretion that in 8 out of 
25 subjects (32 per cent) was below the lower tolerance limit [y = 0.69 x) — 
the lower limit for the normal range of variation for betacholine. The lowest 
value at one week was 0.26 x. One subject in this group was not examined 
with betacholine. At 12 months the highest value for 1 per cent citric acid was 
y = 0.64 X, and for 6 per cent citric acid y = 0.58 x (Figure 17). With both 
strengths the ratio was thus below the lower boundary for all subjects.

At the 12-month examination the secretory values for betacholine admini
stration were below the limit 0.69 x in 10 out of 20 patients (50 per cent) 
(Figure 17), but the lowest recorded value corresponded to y = 0.44 x. This 
limit was not exceeded by 17 of the 21 (81 per cent) patients in which the 
1 per cent solution was used, and not by 18 of the 21 tested with the 6 per 
cent solution (86 per cent). Stimulation with betacholine thus gave clearly 
higher values for the submandibular glands on the side of the divided chorda 
than did citric acid. On the other hand, in only 10 out of 20 patients (50 per 
cent) did the values reach the normal range of variation for betacholine- 
induced secretion. The increase in the secretion values on stimulation with 
6 per cent citric acid between one week and 12 months after the operation 
is shown in figure 18.

O - 1 WEEK POST-OP 

a-12 MONTHS «

6% CITRIC ACID

FIGURE 18.
Comparison of submandibular 
secretion on side of operation 
and normal side. Patients with 
unilateral division of chorda 
tympani; values in same sub
jects for one week and 12 
months after operation. Sti
mulus: 6 per cent citric acid.

SECRETION ON NORMAL SIDE
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The change in the secretory response with time was studied in detail. To 
examine the time dependence of the response for the submandibular glands, 
the ratio was calculated for the various follow-up periods (Tables 19 and 20). 
Stimulation with 1 and 6 per cent citric acid was performed before the opera
tion and 1 week, 1, 3, 6 and 12 months after (series 1 week — 12 months, 
respectively. This study was performed on the 21 patients who had been 
followed up for one year.

TABLE 19. I. Ratio q between submandibular secretions on the operation and normal sides 
in all the patients for the various follow-ups; chorda tympani divided on one 
side. Stimulus: 1 per cent citric acid.

Case Before After
no. operation 1 week 1 month 3 months 6 months 12 months

1 1.28 0.13 0.11 0.13 0.11 0.11
2 0.82 0.09 0.11 0.17 0.20 0.24
3 0.92 0.19 — 0.17 0.19 0.20
4 1.17 0.05 0.13 0.17 0.18 0.46
5 0.96 0.17 0.22 0.39 0.28 0.30

6 1.22 0.30 0.58 0.59 0.54 0.64
7 1.15 0.03 0.09 0.14 0.13 0.12
8 0.74 0.05 0.05 — 0.08 0.20
9 0.67 0 0.08 0.09 0.13 0.22

10 1.0 0.03 0.04 0.05 — 0.06

11 0.79 0.08 0.09 0.07 0.10 0.29
12 1.26 0.20 0.41 0.30 0.39 0.49
13 1.13 0.08 0.02 0.07 0.10 0.21
14 1.13 0.02 0.17 0.29 0.51 0.59
15 0.94 0.08 0.17 0.22 0.22 0.16

16 1.0 0.17 0.29 0.23 0.23 0.20
17 0.69 0.05 0.10 0.10 0.15 0.21
18 0.96 0.01 0.06 0.06 0.10 0.17
19 1.31 0.02 0.13 0.16 — 0.02
20 1.09 0.04 0.07 0.13 0.11 0.11

21 0.98 0.03 0.08 0.05 0.12 0.17

Mean of q 1.01 0.09 0.15 0.18 0.20 0.25
Median of q 1.0 0.05 0.11 0.15 0.15 0.21

II. Ratio q for the 5 subjects examined only before and 1 week after operation.

Case no. Before operation After 1 week

23 0.74 0.12
24 1.03 0.18
25 1.05 0.10
26 1.04 0.02
27 1.37 0.02
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TABLE 20. I. Ratio q between submandibular secretions on the operation and normal sides 
in all the patients for the various follow-ups; chorda tympani divided on one 
side. Stimulus: 6 per cent citric acid.

Case
no.

Before
operation

After
1 week 1 month 3 months 6 months 12 months

1 0.81 0.22 0.26 0.22 0.28 0.31
2 0.80 0.19 0.22 0.25 0.25 0.30
3 1.28 0.16 — 0.13 0.20 0.20
4 1.14 0.14 0.19 0.24 0.37 0.38
5 1.0 0.14 0.10 0.34 0.32 0.30

6 1.39 0.42 0.46 0.47 0.55 0.55
7 0.86 0.12 0.06 0.15 0.12 0.08
8 0.90 0.09 0.11 — 0.13 0.20
9 1.36 0.05 0.13 0.08 0.19 0.23

10 0.79 0.05 0.06 0.10 — 0.09

11 0.99 0.14 0.17 0.17 0.24 0.32
12 0.86 0.27 0.32 0.42 0.42 0.48
13 0.91 0.03 0.07 0.11 0.15 0.26
14 1.10 0.10 0.29 0.29 0.58 0.58
15 1.05 0.10 0.14 0.20 0.22 0.27

16 1.06 0.20 0.27 0.18 0.26 0.17
17 0.97 0.07 0.10 0.14 0.19 0.20
18 1.17 0.05 0.09 0.10 0.16 0.22
19 1.06 0.06 0.14 0.14 — 0.13
20 0.88 0.10 0.10 0.21 0.17 0.12

21 0.97 0.05 0.13 0.09 0.10 0.16

Mean of q 1.02 0.13 0.17 0.20 0.26 0.26
Median of q 0.99 0.10 0.14 0.18 0.22 0.23

II. Ratio q for the 5 subjects examined only before and 1 week after operation.

Case no. Before operation After 1 week

23 0.81 0.12
24 0.94 0.16
25 0.99 0.16
26 0.98 0.06
27 0.94 0.06

It was found by Student’s test that for a 1 per cent level of significance 
(P < 0.01) there were significant differences between the one-week and one- 
month series for stimulation with both 1 and 6 per cent solutions. For both 
strengths the increase between one month and 3 months was also significant 
(P < 0.01). For the 1 per cent acid the increase between the 3- and 6-month 
series was not significant (P > 0.05) but for the 6 per cent solution there was
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an increase in q at the 1 per cent level. Finally, there was a significant dif
ference between the 6- and 12-month series at the 1 per cent level for both 
groups.

As so many tests were performed, the 5 per cent level of significance was not 
regarded as reliable.

There was an increase in the low reflex secretory response just after the 
operation. For both acid strengths the increase was significant up to 3 months; 
for the 6 per cent group another significant increase occurred between 3 and 
6 months. For the 1 per cent group the increase from 3 to 6 months was not 
significant, but it was between 6 and 12 months.

Secretion tests in unilateral operation group with preserved chorda tympani

These patients comprised group B (Table 1).
For stimulation with 1 per cent citric acid one week after operation the 

ratio was below the limit of the normal range, 0.69, in 12 out of 17, or 71 
per cent, of the subjects (Table 21). After 12 months the figure was still as high 
as 67 per cent (8 out of 12), but the number of subjects had fallen from 17 to 12. 
The 5 patients not followed up further were those displaying no reduction 
in secretion suggestive of damage to the chorda tympani and those where 
normalization occurred during the follow-up period. Calculated on the original 
number, the proportion of patients with significantly reduced salivation at 
12 months is 8 out of 17, or 47 per cent.

For stimulation with 6 per cent citric acid (Figure 19 and Table 21) 76 per 
cent (13/17) fell below the ratio of 0.73 after one week and 75 per cent (9/12) 
after 12 months. Counted on the original series the proportion of patients 
showing a significant reduction in secretion after 12 months was 9 out of 17, 
or 53 per cent.

For both the 1 and 6 per cent solutions the ratio fell below the normal range 
in the same subjects in 7 cases (Table 21).

It is thus evident that patients in whom the chorda was preserved at opera
tion often recorded a secretion comparable with that observed in subjects with 
the chorda divided, especially for the early follow-ups.

In the group where the surgeon considered the chorda to be damaged only 
1 out of 3 patients reached the limit of the normal range of q (0.69) within 
12 months when 1 per cent citric acid was used; with the 6 per cent solution 
no subject reached the limit (0.73). For 2 of the patients (cases 37 and 38) the 
ratio was fairly low, and comparable with that for the patients with chorda 
divided.

One week after operation and with 1 per cent citric acid as the stimulus 
9 out of 14 (64 per cent) of the patients in whom the surgeon considered the 
chorda to be intact recorded a ratio below the normal range. For the 6 per cent 
solution the secretion was significantly reduced in 10 out of 14 patients, or
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71 per cent. For 6 patients the ratio was comparable with that recorded for 
the group with chorda tympani divided. For stimulation with 1 and 6 per 
cent citric acid the ratio was normalized after 12 months in only 3 subjects; 
in the 1 per cent group the mean ratio for the 6 subjects where the ratio was

ONE WEEK POST-OP.

SECRETION ON NORMAL SIDE

12 MONTHS POST-OP

Y.0.73X

Ü) 40

SECRETION ON NORMAL SIDE

FIGURE 19. Submandibular secretion for the side of operation and normal side; chorda tym
pani preserved. Stimulus: 6 per cent citric acid. ^ — chorda tympani damaged 
according to the surgeon. O — chorda tympani not damaged according to the 
surgeon.



55

not normalized was, after 12 months, 0.51, and for the corresponding 6 in the 
6 per cent group it was 0.54. This may be compared with the chorda divided 
group, where the mean ratio after 12 months for 1 and 6 per cent citric acid 
was 0.25 and 0.26, respectively (Table 18).

Conclusions. — Where the chorda was preserved at operation there was often 
an initial reduction in the secretory response that was of the same grade as 
in the case of a divided chorda — whether the chorda was regarded by the 
surgeon as damaged or undamaged. The course of recovery varied, but within 
a year several subjects recorded a secretory response that lay within the normal 
range. Even where this was not the case the secretion still improved gradually, 
and at the 12-month follow-up it was usually higher than for the group with 
the chorda divided.

Secretion in patients having bilateral ear operations; chorda tympani 
divided on the side of the earlier operation and preserved on the

other side

These subjects constitute group C (Table 2).
After unilateral division of the chorda (group A) 12 months after the opera

tion q did not exceed 0.64 with 1 per cent citric acid as the stimulus; the cor
responding value for 6 per cent acid was 0.58 (Tables 19 and 20).

These values, 0.64 and 0.58, respectively, were regarded as the highest ratio 
possible to reach a year after chorda division on one side.

This assumption was applied to the 8 patients in group C, where an opera
tion on the other ear now was performed.

In all 3 patients where the surgeon judged the chorda to be damaged there 
was a confirmatory change in the secretion ratio. The ratio q recovered to the 
”normal range” of variation within 12 months in one case with 6 per cent 
citric acid, and in 2 with the 1 per cent solution (Table 22).

In 4 of the 5 patients whose chorda the surgeon considered not to have 
been impaired during the operation there were signs of damage one week after 
the operation.

It is interesting to note that q initially exceeded unity; that is to say, the 
reflex secretory response was smaller on the side on which the chorda was 
impaired than on that where it was divided. In some cases this situation per
sisted for several months after the operation.

Conclusions. — From a comparison of the results obtained for the subjects 
undergoing bilateral operations with the chorda preserved on one side and 
the results for those undergoing a unilateral operation with the chorda pre
served it may be concluded that one week after the operation the reflex secre
tion (with 6 per cent citric acid as stimulus) was indicative of damage to the
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TABLE 22. Ratio q between submandibular secretions on the side of an operation performed 
one year earlier with the chorda divided and the side of the recent operation with 
the chorda preserved. Stimulus: 1 and 6 per cent citric acid.

Chorda damaged a Chorda undamaged a
Patient no. 48 49 50 2 13 17 51 52

Ratio q ONE PER CENT CITRIC ACID
Before operation 
Follow-up after

0.07 0.22 0.41 0.24 0.21 0.10 0.42 0.14

1 week 6.0 0.88 0.71 1.25 2.0 0.75 21.0 0.18
1 month 1.33 0.96 — 0.45 1.25 0.43 1.0 0.19
3 months 0.38 1.0 — 0.49 0.35 0.23 — —

6 months 0.32 0.88 0.59 — 0.23 0.15 0.63 —

12 months 0.21 0.53 0.74 0.26 0.36 0.17 0.67 —

Ratio q SIX PER CENT CITRIC ACID
Before operation 
Follow-up after

0.15 0.23 0.51 0.30 0.26 0.14 0.36 0.30

1 week 1.33 0.96 0.69 0.78 1.60 0.58 5.2 0.23
1 month 0.74 1.08 — 0.72 0.94 0.48 1.15 0.31
3 months 0.38 1.0 — 0.45 0.48 0.26 — —

6 months 0.15 0.80 0.53 — 0.33 0.19 1.02 —

12 months 0.18 0.67 0.66 0.41 0.36 0.20 0.70 —

a According to surgeon’s statement.

chorda in 20 out of 25 subjects. With the 1 per cent solution the corresponding 
proportion is 19 out of 25.

In 12 out of the 19 followed up continuously, stimulation with 6 per cent 
citric acid 12 months after the operation still pointed to impaired function on 
the side where the nerve had been preserved at operation. The corresponding 
calculation for the original series, including the patients in whom there was 
recovery of function, gave a figure of 12 out of 25 (48 per cent). For 1 per cent 
citric acid the corresponding figures was 10 out of 25 (40 per cent).

Atrophy of the submandibular gland in divided and preserved chorda tympani

Atrophy of the submandibular gland on the divided side may well occur, and 
this can be detected by stimulating the gland with betacholine. On the assump
tion that the response so induced, after division of the chorda, provides a 
measure of the atrophy, this is reflected in the figures in Table 23. The ratio q 
between the response on the side of the operation and that on the other is 
calculated with the former value in the numerator.

The responses induced by betacholine for the respective sides provide a 
measure of the secretory capacity of the glands, and atrophy will result in 
a reduction in the response on the side of operation, — that is, in a decrease 
in q. Twenty patients who had an operation on one side and in whom the
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TABLE 23. Salivary response to stimulation with hetacholine, used as a measure of the reduc
tion of the salivary gland function.

Time after operation
Before

operation
1 week 1 month 3 months 6 months 12 months

Side: Op. No Op. No Op. No Op. No Op. No Op. No
op. op. op. op. op. op.

Observed drops 51 62 64 96 51 75 45 65 37 54 35 53
Ratio q 0.82 0.67 0.68 0.69 0.69 0.66

chorda tympani was divided were examined in this respect (Table 1, group A). 
Of the subjects where the chorda was preserved at operation 16 had never been 
operated on before and 7 had undergone an earlier operation on the other ear, 
with division of the chorda. Salivary secretion stimulation with citric acid was 
measured in 21, 17 and 8 subjects in the respective groups. One subject in 
each group was not examined with betacholine infusion owing to difficulty 
effecting the required cannulation of a vein.

The mean, of the ratio q for stimulation with betacholine at different times 
after operation and in cases where the chorda tympani had been divided or 
preserved at operation is shown in Table 24. After one week the submandibular 
secretion on the side of the divided chorda had assumed a mean ratio of 0.81, 
and after one month this had reached a constant value of about 0.70. Student’s 
£-test showed a highly significant reduction in the mean ratio between the 
examinations before and one week after operation (P < 0.001). Though there 
was a decrease between the one-week and one-month follow-ups it was not 
significant; nor was there a significant decrease up to the last examination one 
year after operation.

In the case of a preserved, but in some degree impaired, chorda it was found 
that in the unilateral operation group the mean ratio decreased significantly 
(P < 0.001) from before (0.99) to one week (0.80) after the operation. No

TABLE 24. Mean of the ratio q, for submandibular secretion with betacholine. The secretion for the side 
of operation is placed in the numerator.

Before
operation

Time after operation
1 week 1 month 3 months 6 months 12 months

Chorda tympani 
Divided No. of subjects 20 20 19 19 18 20
unilaterally Mean of q 0.98 0.81 0.72 0.71 0.70 0.72

Preserved No. of subjects 16 16 11 9 10 11
unilaterally Mean of q 0.99 0.80 0.84 0.79 0.80 0.80

Preserved one side No. of subjects 7 7 7 5 6 7
divided on other Mean of q 1.52 1.31 1.25 1.43 1.38 1.39
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ONE WEEK 
FOLLOW-UP

1 -

I I I H—i---- 1——i----- r t------1------1------r
0.35 0.55 0.75 i 0.95 1.05 1.25 1.45 1.65i

q

7-1

6-

5-

4-

3-

2-

1-

ONE MONTH 
FOLLOW-UP

i----- i----- i—n------i
0.35 0.55 Ó.75 0.95 1.05 1.25 1.45 1.65

12 MONTHS 
FOLLOW-UP

—i-----1------1—n------1------1——i------1------1------1------r
0.35 0.55 Ó.75 0.95 1.05 1.25 1.45 1.65

FIGURE 20. Distribution of the ratio q on intravenous infusion of betacholine for 5 minutes.
Chorda tympani divided; the value for the divided side is in the numerator. 
q = mean of q.
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CHORDA TYMPAN I DIVIDED
PRESERVED

Before 1 wk 
op.

no 6 mo lyear

Time elapsing after operation

FIGURE 21. The effect of atrophy. Mean, q, of the ratio q at various times after unilateral 
operation.

further reduction occurred to the end of the follow-up period, when q was 0.80. 
It should be noted, however, that the group had been reduced through succes
sive exclusion of the normalized patients, and this ”one-year value” will there
fore apply to patients where the chorda was preserved but damaged.

In the bilateral operation group the mean ratio also decreased, but not 
significantly between the examination before and the examinations after 
operation.

The distribution of the ratio q for the patients with divided chorda in respect 
of the one-week, one-month and one-year follow-ups are shown in Figure 20. 
The mean ratio, at various times after unilateral operation and with the chorda 
tympani divided or preserved is given in Figure 21. In the preserved chorda 
group the 6- and 12-month values, in particular also represent damage to the 
chorda.

Comments

Normally, when the submandibular salivary secretion was recorded for the 
right and left sides simultaneously the value for neither side predominated, 
whether the secretion was elicitied by 1 or 6 per cent citric acid or intravenous 
infusion of betacholine. The relation between the secretion from the two sides 
may be expressed as a ratio, q. The lower tolerance limit for this ratio was
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estimated. For stimulation with 1 and 6 per cent citric acid this limit was 0.69 
and 0.73, respectively, and for betacholine 0.69.

The administration of betacholine provides the possibility of checking that 
the results obtained for stimulation with citric acid are not distorted by the 
recording apparatus or the measurement technique, and that a low reflex 
secretion cannot be due to a pathologic alternation of the salivary gland.

Unilateral division of the chorda

The fact that gustatory stimulation elicited secretion from the submandibular 
gland even on the side where the chorda was divided indicates that despite 
division of the chorda tympani there is a residual secretory innervation of the 
submandibular gland. The secretion varied considerably from one subject to 
another, as did the ratio between the sides with the divided and the intact 
chorda; this suggests that the residual innervation differs from one subject to 
another. The response to citric acid stimulation was greatly reduced after the 
operation, but there was a gradual and significant increase in the secretory 
response on the side of the divided chorda to a mean that, at 12 months, was 
25 per cent of the secretion of the other side.

In the case of unilateral division of the chorda the betacholine-induced sec
retion by the submandibular glands was already significantly reduced one week 
after operation, and after one month it had reached a fairly constant level at 
about 70 per cent of the original activity. The view expressed by Moon & 
Pullen (1963) that when the chorda tympani is divided in man the submandi
bular glands cease to function and probably atrophy is obviously incompatible 
with the results of the present study.

Unilateral operation with preserved chorda tympani

When the chorda was preserved at the operation the secretion levels were often 
nearly same as those recorded in patients with the chorda divided, especially 
just after operation. It is conceivable that any difference in this respect would 
reflect differences in the severity of damage to the chorda. Where the response 
did not recover to the normal range there was, however, a gradual improvement 
in the secretion. Twelve months after operation 48 per cent of the subjects 
still showed a significant lowering of the response to stimulation with 6 per 
cent citric acid — occasionally as marked as for the group in which the nerve 
was divided. When the chorda was preserved at the operation the secretion 
by the submandibular gland induced on the same side by betacholine was 
significantly reduced at the one week follow-up; thereafter the values were 
about 80 per cent of the original, but as the normalized cases were not followed 
for the whole period the value recorded 12 months after operation relates to 
cases of damaged chorda tympani.
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Bilateral operation
Chorda tymapni previously divided on one side and preserved on the other

The results obtained in this group provide the additional information that just 
after the operation the taste-induced secretory response was sometimes lower 
on the side on which the chorda was preserved than on the side where the 
nerve had earlier been divided. This may have been due to ”collateral regenera
tion” on the latter side, a phenomenon in the autonomic nervous system that 
has been described by Murray & Thompson (1957).

The initially lower secretion on the impaired side usually lasted for only a 
month or so after the operation, after which the response improved until it 
eventually exceeded that on the side of the divided chorda. This would be 
consistent with the time required for the regeneration of fibres.

For the betacholine-induced secretion the mean of the ratio q was lower at 
all the follow-ups than before operation, but the reduction was not statistically 
significant.

(g) IMPORTANCE OF SURGICAL MEASURES FOR 
THE CHORDA TYMPANI FUNCTION

To obtain an impression of the significance of various measures taken during 
the operation with the object of ensuring the postoperative function of the 
chorda tympani, and to examine the reliability of the surgeon’s appraisal of 
the effect of the operation on the nerve, a simple analysis was performed 
(Tables 25 and 26). The occurrence in the series of what may be regarded as 
probably the most important causes of chorda damage during an operation 
for otosclerosis is shown in Table 25. Whether the chorda is running free or 
is more or less covered by bone does not seem to have a bearing on the post
operative function, nor does the amount of bone drilled away at the posterior 
wall. However, when no bone was drilled away (cases 45 and 17) the damage 
was, at most, slight. Stretching of the chorda or damage to the nerve sheath 
seemed to increase the function impairment (cases 31—33, 48 and 50). Gentle 
manipulation of the nerve and its displacement to one side sometimes seemed 
to cause damage, which, however, was often reversible. With the exception 
of explorative tympanotomy (cases 17, 45 and 52), where only slight damage 
was noted in one case (case 17), the type of operation was of no importance 
for the degree of the chorda injury. From a comparison of the surgeon’s view 
of the treatment of the nerve with the actual results it is seen that even where 
he considered that nerve had not suffered at all there could be marked im
pairment of function.

In the group of 19 patients where the surgeon regarded the chorda as 
undamaged the one-week follow-up disclosed a significant impairment of taste 
in 13 (68 per cent) and a significant reduction in secretion in 14 (74 per cent).
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As a rule the taste and secretion improved gradually in these patients, but at 
12 months the taste was still reduced in 4 of the 19 (21 per cent) and the 
secretion in 8 (42 per cent). These 19 include the 6 subjects where taste and 
secretory function were normalized before the 12 months had elapsed (cases 
43—47 and 52).

In all 6 of the group where the surgeon considered the chorda tympani to 
have been damaged the taste and secretion were significantly impaired one 
week after operation. After 12 months there was still a significant impairment 
of taste in 3 and of secretion in 5. The taste thus recovered in 3 patients (cases 
31, 49 and 50) but the secretion in only one (case 48).

TABLE 25. Relation between surgical measures, surgeon's opinion and postoperative function 
of chorda tympani.

Case no. Chorda-
bone

relation

Extent of 
drilling

Stretching 
of chorda

Damage
to nerve

sheath

Displace
ment of 
chorda

Surgeon’s
opinion

Type of 
operation

31 ____ 4 4 — 4 4 4
32 — 44 4 — 4 4 4
33 4 44 4 — 4 4 4
48 — 44 4 4 4 4 44
49 4 44 — — 4 4 4

50 4 44 — 4 4 4 4
34 — 4 + — — 4 0 44
35 4 44 — — 4 0 4
36 44 44 — — 4 0 4
37 — 44 — — — 0 4

38 4 + 44 — — 4 0 44
39 44 44 — — 4 0 44
40 — + — — 4 0 44
41 — 44 — — 4 0 4
42 — 44 — — 4 0 4

43 — 4 — — 4 0 4
44 4 4 — — 4 0 4
45 4 — — — — 0 0
46 — 44 — — 4 0 4
47 — 44 — — 4 0 4

51 — 44 — — 4 0 4
52 — 44 — — 4 0 0

2 — 4 — — — 0 4
13 4 44 — — 4 0 4
17 + — — — — 0 0

Key. Chorda-bone relation: Chorda free = —; partly in bone = 4; entirely in bone = 4 4. 
Extent of drilling: No drilling = —; some drilling = 4; much drilling = 4 4. 
Stretching of chorda: Not stretched = —; stretched = 4.
Damage to nerve sheath of chorda: No damage = —; damage = 4.
Displacement, careful handling of chorda: No displacement = —; displacement = -f. 
Surgeon's opinion: Chorda not damaged = 0; chorda damaged = 4.
Type of operation: 0 = explorative tympanotomy; 4 = stapediolysis; 4 + = stapedec
tomy.
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TABLE 26. Function of chorda tympani as reflected in taste and salivation tests in patients 
with chorda preserved at operation.

Case no.

1-week follow-up 12-month follow-up
Taste Salivation Taste Salivation

31 + + 0 +
32 + + + +
33 + + + +
48 + + + 0
49 + + 0 +
50 + + 0 +
34 + + 0 +
35 + + 0 +
36 + + 0 +
37 + + + +
38 + + 0 0
39 + + + +
40 + + + +
41 + + + +
42 0 0 0 0

43 + + 0a 0a a after 6 months
44 0 0
45 0 0
46 0 + Ob Ob b after 1 month
47 0 0

51 + + 0 +
52 0 0

2 + + 0 0
13 + + 0 0
17 + + 0 0

Key. Taste: Significantly reduced, as indicated by semi--quantitative test and/or electrogusto-
metry = +; not significantly reduced = 0.
Submandibular salivary secretion: Significantly reduced on stimulation with 1 per cent 
and/or 6 per cent citric acid = +; not significantly reduced = 0.

Comments

As damage to the chorda may occur in various ways and the groups are 
relatively small, it is impossible from this material to establish the cause of 
damage in the individual case.

The surgeon’s opinion is evidently reliable when he considers the nerve to 
have been damaged, but it is unreliable when he considers the nerve to be 
intact and undamagd. Clearly, the credence given to the surgeon’s appraisal 
in earlier studies is unrealistic. Whatever the cause of damage to the chorda, it 
is evident that great care must be exercised if nerve’s function is to be preserved.



SECTION VI

General discussion

Damage to the chorda tympani can as rule be detected and assessed satis
factorily by examining the taste acuity with sapid solutions of increasing 
strength or by electrogustometry. Taste tests, however, require the participation 
of the patients, and the fact that the response is dependent on subjective ex
perience can be a significant disadvantage. Bilateral and simultaneous measure
ment of the submandibular gland secretion by gustatory stimulation is, on the 
other hand, an objective and reliable means of assessing damage to the chorda 
tympani. In this method a reflex arch is tested, the afferent part of which is 
constituted mainly by the taste pathways in the chorda tympani and glos
sopharyngeal nerve, and the efferent part by the parasympathetic fibres in the 
chorda to the respective gland.

In none of 87 subjects with no known functional impairment of the chorda 
tympani (a control group of 45 students and in 42 subjects with otosclerosis 
never operated upon) was there a right—left difference in taste threshold of 
more than one scale unit for the sapid solutions. A difference of 2 scale units 
or more between the sides was regarded as pathologic.

In the 45 control students electrogustometry gave a right—left difference 
in the electrical taste threshold of zero or one EGU.

A secretory examination was performed on 83 subjects (the control group 
of 45 students, and 38 otosclerotic subjects that had never had an operation) 
who were regarded as having normal salivary-gland and chorda-tympani func
tion. In these subjects the ratio q was determined; to examine whether the 
secretion was significantly reduced on a particular side, the response for this 
side was placed in numerator of the ratio. The lower tolerance limit for q was 
then 0.69 with one per cent citric acid as the stimulus and 0.73 with the 6 per 
cent solution acid. This implies that 95 per cent of all the subjects examined 
by this method will have a ratio, q, of at least 0.69 and 0.73 for 1 or 6 per cent 
citric acid, respectively.

In 81 of these 83 subjects the lower tolerance limit for the ratio was also 
determined when the stimulus was betacholine given intravenously in doses of 
0.1—0.3 mg/min. Here the boundary value was again 0.69.

The high association between the secretory responses of the sides obtained 
with the described method of measurement is consistent with previous findings 
for the parotid gland (Ericson & Jakobsson, 1968; Ericson, 1968). Bilateral 
recording of the salivary secretion — as an index of chorda tympani function 
— may be regarded as a most valuable method of detecting damage to the 
secretory fibres in their course from the central nervous system to the sub
mandibular gland.
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For practical purposes the lower critical value of 0.69 for the ratio q with 
1 per cent citric acid and betacholine and of 0.73 for 6 per cent citric acid are 
recommended.

The frequency and degree of subjective impairment of taste and secretion 
was appreciably greater in the group with unilateral division of the chorda 
than in that where the nerve was preserved. However, also when the chorda 
was severed the subjective taste symptoms gradually diminished in strength, 
and 12 months after the operation 12 out of 22 patients (55 per cent) had 
symptoms, and in 4 (18 per cent) they were distressing (++).

Subjective secretory disturbances were at first reported more frequently in 
the group with the chorda divided than in that with the nerve preserved, but 
there was some recovery, and 12 months after the operation such disturbances 
were recorded in only 3 out of 22 subjects (14 per cent), and then they were 
of not more than mild degree. In a larger series of 126 patients with unilateral 
division of the chorda Bull (1965) noted xerostomia in 25 per cent one year 
after the operation. That this condition did not occur more often in the present 
series may have several explanations. The fact that the normal resting secretion 
shows a large inter-subject variation means that patients with normally high 
secretory values at rest could also secrete fairly large quantities of saliva after 
the operation. After chorda operations in older patients the risk of xerostomia 
is presumably greater, as the resting secretion of the submandibular glands 
decreases above the age of 50 years, probably owing to the onset of fat in
volution and atrophic changes in the salivary glands (Waterhouse & Winter, 
1964).

In unilateral division of the chorda tympani the semi-quantitative test showed 
an immediate loss of taste, which was usually permanent homolaterally on 
the anterior two thirds of the tongue. One year after the operation all 22 pa
tients displayed an obvious disturbance, if not total loss, of their sense of taste. 
It was interesting to note, however, that a few patients certainly identified the 
sapid solutions on the side of chorda division. When, at 12 months, 19 of the 
22 subjects were examined by electrogustometry none identified 23 EGU (370 
pa) on the operation side with the electrode applied at the recommended dis
tance from the midline. Near the apical area, however, it was common for the 
electrical stimuli to be perceived and remaining papillae to be seen.

The identification of a sapid solution on the operation side by some subjects 
was probably due to flow towards the tip of the tongue and recognition on 
the side with normal innervation.

The tip of the tongue appears to be of great importance for the sense of taste 
in man. An anatomic explanation of cross-innervation may lie in the fact that 
in the human tongue sensory fibres cross the midline 5—7 mm in the apical 
area (Zander, 1897), and that there is here a high density of taste fibres; the 
density of papillae in the apical area is 4 to 6 times as high as on the sides of 
the tongue (Dastur, 1963). To establish whether a true ”cross-over” of taste 
innervation exists, however, an investigation by more advanced neurophysi
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ologic methods, including animal experiments is required. As the possibility 
of conduction of the stimulus to the normal side of the tongue cannot be 
excluded, the view that taste cannot be recorded on the side of chorda division 
might well be correct (Harbert et al., 1962; Pulec & Hause, 1964; Krarup, 
1965; Jeppsson, 1969).

In the patients where the chorda tympani was divided the submandibular 
secretory response was greatly reduced, but as it was not completely abolished 
and increased with time the presence of a residual secretory innervation of the 
submandibular gland is likely. The manner in which such an innervation could 
come about is obscure.

A significant increase in secretion elicited by gustatory stimuli with time 
has not been observed before. The reflex secretory response to stimulation 
with 6 per cent citric acid was found to have increased significantly at each 
follow-up (1 week, 1, 3, 6 and 12 months) (P < 0.01). For stimulation with 
the 1 per cent solution a similar increase was observed, though not at a sig
nificant level between the 3- and 6-month follow-ups. This recovery may be 
due to regeneration of secretory fibres via an anastomosis between the chorda 
tympani and the otic ganglion, and the development of ”collateral sprouts”. 
The importance of such an anastomosis has been pointed out elsewhere (Dia
mant & Wiberg, 1965). The time course of regeneration observed in experi
mental studies in which damage to the autonomic nervous system has been 
produced agrees rather well with the clinical course of regeneration observed 
in the present study (Murray & Thompson, 1957; Guth & Bernstein, 1961; 
Luco & Vera, 1964). The explanation of the persistently low secretion probably 
lies in the atrophy of the submandibular gland that is considered to occur. 
By the time of the one-month follow-up the betacholine-induced secretion had 
diminished to, on average, 70 per cent of its original value, but there was 
apparently no further reduction, — or an increase.

After chorda division atrophy of the submandibular gland of up to 30 per 
cent has been observed in several animal experiments (Strömblad, 1955; Ohlin, 
1966). In man, Vlasto (1929) found that destruction of the chorda tympani in 
the middle ear led to fibrosis of the corresponding submandibular gland and 
some loss of weight of the gland. In any case, to judge from the secretory 
response to gustatory stimulus and betacholine the gland does not cease to 
function, a fact that must be ascribed to some other form of trophic influence. 
Experiments have shown that the sympathetic part of the autonomous nervous 
system and the endocrine glands are of importance in this respect (Wells, 1963; 
Seifert, 1964; Ohlin, 1966).

Shortly after the operation in which the chorda was preserved 5 out of 17 
subjects (29 per cent) reported disturbance of taste, and 2 of the same 17 (12 
per cent) noticed dryness of the mouth. These symptoms gradually disappeared, 
and one year after the operation mild disturbance of taste was recorded in 4 
subjects and dryness of the mouth in none.



67

In the group in which the chorda was preserved, tests with the sapid solu
tions disclosed a marked impairment of taste after operation (one week to 
several months), but there was a gradual recovery, and for sucrose and citric 
acid the mean thresholds had reached the preoperative levels 12 months after 
the operation; for saline and quinine the recovery was not complete. With 
electrogustometry, thresholds below 23 EGU were recorded in all but one 
subject, thereby confirming the results of the semi-quantitative test; this method 
would appear to afford an even more accurate grading of the taste impair
ment.

Consistently with the taste changes, many of the patients with the chorda 
preserved displayed a large reduction in the submandibular secretion one week 
to several months after the operation; the values were often comparable with 
those recorded in patients with the chorda severed. There was a varying 
measure of recovery. The results obtained with betacholine stimulation suggest 
that part of the reduction was due to atrophy of the submandibular gland.

The results of the postoperative taste and secretory tests show that the 
chorda is sensitive and highly susceptible to damage at operation. The degree 
of damage varied, and hence also the effect on the taste and secretion. The 
fact that the taste threshold was restored more rapidly and completely than 
the secretory function may be due to differences in the histological structure 
of these fibres (Foley, 1945; Costen et aL, 1951; Chorobski, 1951). An evalua
tion of both the taste and secretory functions of the chorda tympani combined 
with a follow-up study of these functions have never been performed before.

A residual reduction in taste and a definite effect on the chorda after an 
otosclerosis operation with preservation of the chorda tympani have been re
ported by, among others, Rossberg (1965), Bull (1965) and Jeppsson (1969). 
On the basis of a single examination of 11 patients 1—450 days after a radical 
operation for chronic otitis Motta et al. (1957) found a reduction of 40—80 
per cent in the taste-induced submandibular secretion on the side of operation.

Permanent impairment of taste and/or secretion after injury to the chorda 
tympani may have several explanations: (/) irreversible changes in the peripheral 
end-organ; that is to say, changes in the salivary gland and taste organs — a 
phenomenon familiar in nerve damage (Stokes Sc Freeman, 1951); (//) vascular 
damage to the nerve and development of peri- or endoneural scar tissue (Free
man, 1963; Kettel, 1963); {tit) a persistent slow conduction of impulses through 
the nerve as a result of a neuropathy involving both myelin and axon (Simpson, 
1964).

A possible explanation of the difference in the results of the test of taste 
and salivary secretion after chorda damage in the middle ear may lie in the 
fact that the salivary fibres are efferent and have their primary neurones in 
the central nervous system, whereas the taste fibres are afferent and have their 
neurones in the geniculate ganglion — that is to say, nearer the site of damage 
than the secretory neurones.

In experimental animals Murray Sc Thompson (1957) showed that only
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a few preganglionic, autonomic fibres are required to secure a good regenera
tion.

In the patients in whom the chorda tympani had previously been divided 
on one side and preserved on the side of the relevant operation the symptoms 
were often pronounced. At the 12-month follow-up taste symptoms were no
ticed by 4 out of 8 patients. The percentage of this group recording symptoms 
was greater than that of the group undergoing a unilateral operation with 
preservation of the chorda, but the number of subjects is too small to permit 
of definitive conclusions.

Initial subjective xerostomia was more pronounced here than in the other 
groups, but one year after the operation it was experienced by only 2 out of 8, 
and then it was also milder. This may be due to the fact that in most of the 
subjects, just after the operation, the submandibular secretion on the side with 
the preserved chorda was also reduced. It recovered with time.

From the measurement of salivation it is evident that even when the chorda 
was preserved the secretory response to citric acid could at first be lower than 
on the side where the chorda tympani had earlier been divided.

In this group, too, the postoperative betacholine-induced secretion was as 
a rule reduced on the preserved side, though not at the level of significance. 
In this respect the results are fairly consistent with those obtained for the uni
lateral operation group where the chorda was preserved but proved to be 
damaged in most cases.

If the surgeon considered that the nerve had been damaged the examination 
of chorda function was invariably confirmatory. Even in these cases, however, 
the function of the chorda may recover. The surgeon s opinion was apparently 
less reliable where he considered the nerve to be undamaged. Out of the 19 
subjects in this group the taste one week after operation was impaired in 13 
and the secretion in 14; after one year the corresponding figures were 4 and 7.

The exact manner in which the chorda tympani was damaged could not be 
determined, but the following would seem to be of relevance in this connection.

(1) The generation of heat during the drilling at the posterosuperior bony 
meatal rim and any drilling around the actual nerve is a conceivable source 
of trauma. In practically all endaural operations for otosclerosis the bone is 
removed in the vincinity of the chorda.

(2) The most common cause of temporary or permanent nerve injury is 
probably still the various mechanical manipulations of the chorda such as 
traction, stretching, displacement and compression. Sudden stretching of a 
nerve is particularly risky (Russel, 1964). Traction, stretching of the chorda 
and damage to the neural sheath often lead to functional deficit (Guilford, 
1961; Rice, 1963; Colman, 1964).

(3) Other conceivable sources of damage to the chorda tympani are local 
anaesthesia (Frenckner Preber, 1964), and ischemia due to the effect of 
adrenaline or the severance of blood vessels. However, these factors are 
rather hypothetical.



SECTION VII

Summary of results; conclusions

Does bilateral and simultaneous recording of the submandibular gland secre
tion elicited by gustatory stimulation provide an objective test of the function 
of the chorda tympani?

In bilateral and simultaneous measurement of the submandibular gland secre
tion the lower limit of the ratio between the secretory responses of the two 
sides was determined (the response for side with the lower secretion being 
placed in numerator). In a group of students and one of subjects not under
going operation for otosclerosis, where the chorda tympani was regarded as 
normal, this limit was 0.69 for taste stimulation with 1 per cent citric acid and 
0.73 with the 6 per cent solution. When betacholine was infused intravenously 
in doses ranging from 0.1—0.3 mg/min the limit was again 0.69.

The method of examining the salivary secretion is evidently applicable as 
an objective test of function of the chorda tympani.

What subjective and objective impairment of taste results from otosclerosis 
operation with unilateral division of the chorda tympani or from an operation 
for otosclerosis in ivhich the nerve is preserved?

After an otosclerosis operation there was nearly always an impairment of 
the taste, more pronounced in patients in whom the chorda tympani was 
divided. When examined with solutions and/or electrogustometry the recovery 
of function was almost complete 12 months after an otosclerosis operation in 
which the chorda was preserved but not when it was divided.

The fact that relatively few subjects had symptoms of impaired taste after 
division of the chorda is probably due in some measure to the rich gustatory 
innervation at the tip of the tongue. This appears to be the most important 
area for the sense of taste in man.

What subjective and objective impairment of salivary secretion results from 
an otosclerosis operation with division of the chorda tympani or from an 
operation for otosclerosis in which the nerve is preserved?

Xerostomia was mostly not reported spontaneously in any of the groups. 
It was most frequent and troublesome in the group where the chorda tympani 
was divided on one side and preserved on the side of the actual operation. It 
disappeared completely within a year in the patients undergoing a unilateral 
operation with preservation of the chorda tympani.
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Examination of the salivary secretion in the way described in this mono
graph affords a more objective method of determining the chorda tympani 
function than does the examination of taste.

The severity of damage to the gustatory and secretory fibres in the chorda 
varied and the methods for examining taste offer an informative supplement 
to that of salivary secretion.

In the group in which the chorda tympani was divided the secretory re
sponse of the submandibular glands to gustatory stimulation 12 months after 
the operation was about 25 per cent of that obtained on the other side. 
Equally low secretion values were sometimes observed in the case of damage 
to the chorda.

If the results for the patients undergoing bilateral and unilateral operations 
are combined it is found that for the group with the chorda preserved stimula
tion with 6 per cent citric acid one week after the operation produced a sig
nificant reduction in secretion in 80 per cent; after 12 months the value was 
48 per cent. All 21 patients in whom the chorda tympani was divided at 
operation showed a significant reduction in submandibular secretion 12 months 
later on stimulation with 6 per cent citric acid.

As the function of the submandibular gland is evidently not abolished by 
dividing the chorda, there must be a trophic influence via some other route.

To what extent is the surgeon s appraisal of the possibility and extent of 
damage inflicted on the chorda during the operation borne out by the objective 
findingsi

The surgeon’s view of his treatment of the nerve may be of some significance. 
When the surgeon considered that the nerve had been damaged this was usually 
borne out by the objective results of examination, but when he considered the 
nerve to be quite intact a marked impairment of function often came to light 
subsequently. It was not possible to ascertain what factors were responsible for 
the damage, but mechanical manipulation of the nerve and the drilling in the 
investing bone would seem to be important. The utmost care should be taken 
to avoid damaging the nerve during operation.

As technical advances in ear surgery have rendered the otosclerosis operation 
by tympanotomy a routine procedure, the risk of interfering with the chorda 
function is an increasingly important factor. From the results of the investiga
tion reported here it is evident that voluntary division of the chorda should 
always be avoided and that the nerve should as far as possible be preserved, 
despite the risk of traumatizing it during the operation.



SECTION VIII

General summary

The main objects of this investigation were to appraise the examination of 
salivary secretion as a means of testing the function of the chorda tympani 
and to study disturbances in taste and salivary secretion that follow operations 
in the middle ear for otosclerosis. In subjects where the chorda tympani was 
regarded as normal the methods for examining the taste and secretion were 
tested for reliability and to provide reference values that would serve as a 
basis for comparing those recorded in patients with impaired chorda function.

The control studies were performed on persons with no known affection 
of the salivary glands or tongue, or disturbance of the innervation of the taste 
organ or salivary glands. In 45 of the 87 subjects in whom taste tests with 
sapid solutions were performed the taste was also examined by electrogusto- 
metry. Finally, in 83 of these 87 subjects comparative secretory examinations 
were performed.

In 30 cases of otosclerosis a unilateral operation with division of the chorda 
was carried out; in 22 a taste examination and in 21 an examination of the 
salivary secretion were performed at intervals for 12 months. A unilateral 
operation with preservation of the chorda tympani was done in 17 subjects, 
and the taste and salivary secretion were followed until complete normalization, 
or for up to 12 months. In a third group of 8 patients with bilateral otosclerosis 
the chorda had been divided in one ear before an operation was performed 
on the other ear, and the chorda tympani was preserved. All but one of these 
subjects were followed for 12 months after the second operation. The methods 
used in the taste tests were a modification of Börnstein’s semi-quantitative 
method and Krarup’s technique of electrogustometry. The method for the 
secretion study was a modification of one described by Enfors (1962).

In subjects with normal salivary glands and no known impairment of the 
innervation the ratio (q) of the secretory responses of the submandibular glands 
on the right and left sides was determined (Section V, b). With the side of the 
lower secretion in numerator, the lower limit of q was 0.69 for 1 per cent 
citric acid (83 subjects) and betacholine, — the latter given by intravenous 
infusion — (81 subjects) as the stimulus. For 6 per cent citric acid (83 subjects) 
the limit for q was 0.73.

The method is valid for demonstrating unilateral damage to the chorda 
tympani.

Subjective taste and secretory symptoms were fewest, least severe and of
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shortest duration in the cases of a unilateral operation with preservation of 
the chorda tympani, and most pronounced in the cases of bilateral operation.

There were distinct differences in the results of the objective taste studies 
in the respective groups (Section V, d). In the patients where the chorda tympani 
had been divided the taste did not recover during the follow-up period.

When the chorda tympani was preserved there was good recovery of the 
sense of taste, as reflected in the tests with sapid solutions. On testing with 
electrogustometry 12 months after the operation, 23 EGU (370 pa) was per
ceived by none of the 19 tested in the divided chorda group, while 23 EGU 
or less was perceived by 14 out of 15 tested in the ”preserved group”.

The objective secretory studies are reported in Section V, f.
When the chorda tympani was divided the taste-induced secretory response 

was greatly reduced, but 12 months after the operation it was on average 25 
per cent of that recorded for the opposite side. With 6 per cent citric acid as 
the stimulus the secretory response showed a significant increase during the 
interval between each follow-up: 1 week—1 month; 1 month—3 months; 
3—6 months and 6—12 months (21 subjects). The betacholine-induced secre
tion was reduced within a month to, on average, 70 per cent of that of the 
gland on the opposite side. This may be ascribed to some atrophy of the 
submandibular gland after chorda division.

In the case of an operation with the chorda tympani preserved the secretory 
values were initially often comparable with those for the divided chorda group. 
The recovery was, however, consistently better when the nerve was preserved, 
even though the inter-subject variation was large. In this group there was a 
permanent reduction in the betacholine-induced secretion of, on average, 20 
per cent, which may be ascribed to some degree of rapid atrophy.

In the group undergoing bilateral operations the side with the chorda 
tympani preserved sometimes displayed an initially lower secretory response 
to citric acid stimulation than did the side on which the chorda was divided. 
This is probably due to severe damage to the chorda on the preserved side and 
to development of collateral regeneration on the other.

When the surgeon considered the chorda to have been damaged this was 
invariably verified by the objective examinations, but in about 75 per cent of 
the cases in which the surgeon regarded the nerve as intact (19 cases) there 
was a pronounced impairment of function (Section V, g).

The relationship between possible causes of damage to the chorda tympani 
and the objective findings was analysed. No consistently valid explanation of 
the impairment could be found, but drilling of bone and manipulation of the 
nerve are the most likely causes.



Zusammenfassung

Die Hauptaufgabe dieser Untersuchung war die Messung der Speichelsekretion, 
um die Funktion der Chorda tympani beurteilen zu können, und um sowohl 
Störungen des Geschmackes als auch der Speichelsekretion nach Eingriffen im 
Mittelohr bei Otoskleroseoperationen zu untersuchen.

Bei Personen, bei denen die Funktion der Chorda tympani als normal an
gesehen werden konnte, prüfte man die Methoden der Geschmacks- und 
Speichelsekretionsuntersuchung auf deren Verlässlichkeit. Die bei diesen Per
sonen erhaltenen Referenzwerte wurden für die spätere Beurteilung der Fälle 
mit gestörter Chordafunktion verwendet.

Die Kontrolluntersuchungen kamen bei gesunden Personen ohne Krankheiten 
in den Speicheldrüsen oder der Zunge und ohne bekannte Innervationsstörungen 
der Geschmacksorgane oder der Speicheldrüsen zur Durchführung. Bei 45 von 
den 87 Personen, bei denen der Geschmack mit Lösungen untersucht wurde, 
kam die Elektrogustometrie nach Krarup zur Anwendung. Bei 83 von die
sen 87 Personen wurden auch vergleichende Speichelsekretionsuntersuchungen 
durchgeführt.

Bei 30 Personen mit Otosklerose führte man die Durchtrennung der Chorda 
tympani einseitig durch; bei 22 wurde der Geschmack und bei 21 Patienten die 
Speichelsekretion in regelmässigen Intervallen von einem Jahr untersucht. Eine 
einseitige Operation mit Bewahrung der Chorda tympani wurde bei 17 Per
sonen ausgeführt. Bei diesen untersuchte man sowohl den Geschmack als auch 
die Speichelsekretion bis zur vollständigen Normalisierung oder bis zu 12 Mo
naten nach der Operation. Eine dritte Gruppe von 8 Patienten hatte bilateral 
Otosklerose. Bei diesen wurde die Chorda tympani der einen Seite durchtrennt. 
Die andere Seite wurde nach einem Jahr unter Wahrung der Chorda tympani 
operiert. Alle Patienten ausser einem wurden bis zu 12 Monate post operationem 
nachuntersucht.

Die Methoden der Geschmacksuntersuchungen waren eine modifizierte semi
quantitative Methode nach Börnstein und die Elektrogustometrie nach Krarup. 
Die Speichelsekretion beurteilte man mit einer modifizierten Methode nach 
Enfors (1962).

Bei Personen mit normalen Speicheldrüsen oder ohne bekannte Innervations
störungen der Drüse, wurde der Koeffizient der Sekretionsantwort (q) der 
Submandibularisdrüsen festgestellt. Der Koeffizient der Sekretionsantwort wird 
erhalten aus den Sekretionswerten der rechten und linken Seite, wobei die
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niedrigen Sekretionswerte regelmässig im Zähler erscheinen, während die grös
seren Sekretionswerte als Nenner Verwendung finden. Bei Stimulierung mit 
1 %-iger Zitronensäure erwies sich bei 83 Personen der Koeffizient mit 0.69 
als niedrigste Grenze des Normalen bei der statistischen Auswertung. Mit 
6 %-iger Zitronensäure als Stimulus war der niedrigste Toleranzwert bei der 
obengennanten Personengruppe für q 0.73. Bei 81 Personen der gleichen Unter
suchungsreihe, die mit intravenös verabreichtem Betacholin stimuliert wurden, 
war der niedrigste Toleranzwert für q 0.69.

Über die Brauchbarkeit der Methode für den Nachweis von einseitigen 
Chordaschäden wird berichtet.

Die subjektiven Geschmacks- und Sekretionssymptome waren sowohl betreffs 
der Stärke als auch der Duration am geringsten ausgeprägt in den Fällen, in 
denen eine unilaterale Operation bei Bewahrung der Chorda tympani ausgeführt 
wurde. Die subjektiven Symptome waren am stärksten in den Fällen bei bi
lateraler Operation. Die Ursachen dieser Differenzen werden diskutiert.

Die objektiven Geschmacksuntersuchungen in den verschiedenen Gruppen 
zeigten offenbare Differenzen (Abschnitt V, d). Bei den Patienten, bei denen 
die Chorda tympani durchtrennt wurde, restituierte der Geschmack nicht 
während der zwölfmonatigen Beobachtungszeit. Bei Erhaltung der Chorda 
tympani erhielt man eine gute Restitution der Geschmacksfunktion, welches sich 
bei den Untersuchungen mit Geschmackslösungen zeigte. Bei Untersuchungen 
mit Elektrogustometrie, zwölf Monate nach der Operation, konnte keiner 
der 19 Untersuchten in der ”chordadurchtrennten Gruppe” 23 elektrogusto- 
metrische Einheiten (370 pa) erkennen. Dagegen konnten in der ”chorda
bewahrten Gruppe” 14 der 15 untersuchten Personen 23 oder weniger elektro- 
gustometrische Einheiten zwölf Monate nach dem operativen Eingriff regist
rieren.

Die Resultate der Sekretionsuntersuchungen werden im Abschnitt V, f wieder
gegeben. Bei durchtrennter Chorda tympani war die durch Zitronensäure aus
gelöste Sekretionsantwort stark reduziert. Zwölf Monate nach der Operation 
betrug die Antwort durchschnittlich 25 Prozent verglichen mit der nicht- 
operierten Seite. Bei 21 Patienten gab die Geschmacksstimulierung mit 6 %-iger 
Zitronensäure eine signifikant höhere Sekretionsantwort bei jedem Unter
suchungszeitpunkt. Die Untersuchungen wurden in folgenden Intervallen vor
genommen: 1 Woche, 1 Monat, 3 Monate, 6 Monate und 12 Monate post 
operationem. Die betacholininduzierte Sekretion war im Laufe von einem 
Monat nach der Operation bis durschnittlich 70 Prozent erhalten, verglichen 
mit der Sekretion der anderen Seite. Dies ist durch eine gewisse Atrophie der 
Glandula submandibularis nach Durchtrennung der Chorda tympani zu er
klären.

Bei Operationen mit bewahrter Chorda tympani konnte man anfangs Sekre
tionswerte erhalten, die vergleichbar waren mit den Fällen der durchtrennten 
Chorda tympani. Die Restitution war aber durchaus besser, wenn die Chorda 
tympani bewahrt blieb, selbst wenn die Variation zwischen den einzelnen
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Fällen gross war. In der Gruppe der bewahrten Chorda tympani verblieb eine 
permanente Reduktion bei der mit Betacholin induzierten Sekretion bestehen, 
die im Durchschnitt 20 Prozent betrug. Dies kann mit einer rasch einsetzenden 
Atrophie erklärt werden.

Bei bilateralen Operationen fand man mitunter auf der Seite der bewahrten 
Chorda tympani initial geringere Speichelsekretionsmengen als auf der Seite 
der durchtrennten Chorda. Man vertritt die Ansicht, dass dies durch einen 
ausgeprägten Chordaschaden auf der bewahrten Seite zu erklären sei während 
auf der Seite der duchtrennten Chorda kollaterale Regeneration stattgefunden 
haben kann.

Wenn der Operateur der Ansicht war, dass er die Chorda tympani während 
des Eingriffes verletzt hatte, konnte dies immer postoperativ durch Geschmacks
und Speichelsekretionsteste bestätigt werden. In durchschnittlich 75 Prozent der 
Fälle, in denen der Operateur der Ansicht war, den Nerven nicht beschädigt 
zu haben (19 Patienten), zeigte sich eine ausgeprägte Reduktion der Chorda
funktion (Abschnitt V, g).

Der Zusammenhang zwischen den wahrscheinlichen Ursachen der Chorda
schäden und die objektiven Befunde wurden analysiert. Eine sichere Erklärung 
für die Funktionsstörung konnte nicht gegeben werden, als wahrscheinliche 
Ursachen wurden jedoch die Bohrungen am Knochen und das Manipulieren 
am Nerven in Erwägung gezogen.



References

Bernard, CL, 1864: Du rôle des actions réflexes paralysantes dans le phénomène des sécrétions. 
Journal de lânat. et de la physiol, norm et path., 1, 507.

Bernard, CL, 1879: Leçons de physiologie opératoire. Paris, pp. 501—550.
Blatt, I. M., 1965: Bell’s Palsy I: Diagnosis and prognosis of idiopathic peripheral facial para

lysis by submaxillary salivary flow — chorda tympani nerve testing. Laryngoscope, 75, 
1081.

Borg, G., Diamant, H., Ström, L. Sc Zotterman, Y., 1967: The relation between neural and 
perceptual intensity: A comparative study on the neural and psychophysical response 
to taste stimuli. J. Physiol., 192, 13.

Bull, T. R., 1965: Taste and the chorda tympani. J. of Laryng. and Otol., 79, 479.
Börnstein, W. S., 1940: The localization of the cortical taste area in man and a method of 

measuring impairment of taste in man. Yale J. of Biol, and Med., 13, 133.
Chorobski, J., 1951: The syndrome of crocodile tears. Arch, of Neurol, and Psychiat., 65, 299.
Colman, B. H., 1964: Stapedectomy. Acta oto-laryng., 57, 97.
Costen, J. B., Clare, M. H. Sc Bishop, G. H., 1951: The transmission of pain impulses via the 

chorda tympani nerve. Ann. of Otol. Rhinol, and Laryng., 60, 591.
Cushing, H., 1917: Tumours of the Nervus Acusticus and the Syndrome of the Cerebellopon

tine Angle. W. B. Saunders Co., Phil, and London, p. 167.
Dastur, D. K., 1961: The relationship between terminal lingual innervation and gustation. 

A clinical and histological study. Brain, 84, 499.
Diamant, B., Diamant, H. Sc Holmstedt, B., 1957: The salivary secretion in man under the 

influence of intravenously infused acetyl-beta-methylcholine iodide. Arch. int. Pharma- 
codyn., Ill, 86.

Diamant, H., Enfors, B. Sc Holmstedt, B., 1959: Salivary secretion in man elicited by means 
of stimulation of the chorda tympani. Acta physiol, scand., 45, 293.

Diamant, H. Sc Zotterman, Y., 1959: Has water a specific taste? Nature, London, 183, 191.
Diamant, H., Funakoshi, M., Ström, L. Sc Zotterman, Y., 1963: Electrophysiological studies 

on human taste nerves. Olfaction and Taste, Ed. Y. Zotterman. Pergamon Press, 
Oxford, London, New York and Paris, pp. 193—203.

Diamant, H., Oakley, B., Ström, L., Wells, C. Sc Zotterman, Y., 1965: A comparison of neural 
and psychophysical responses to taste stimuli in man. Acta physiol, scand., 64, 67.

Diamant, H. Sc Wiberg, A., 1965: Does the chorda tympani in man contain secretory fibers 
for the parotid gland? Acta oto-laryng., 60, 255.

Eckhardt, L., 1864: Ueber die Unterschiede des Trigeminus — und Sympaticusspeichels der 
Unterkieferdrüse des Hundes. Beitr. zur Anat. und Phys., 2, 207.

Eliasson, S. Sc Gisselsson, L., 1954: Electrical stimulation of the chorda tympani in human 
beings. Acta oto-laryng., Suppl. 116, pp. 72—75.

Emmelin, N., Malm, L. Sc Strömblad, B. C. R., 1960: Effect of denervation of the maximal 
secretory capacity of salivary glands. Quart. J. of Exp. Physiol., 45, 25.

Enfors, B., 1962: The Parotid and Submandibular Secretion in Man. Acta oto-laryng., Suppl. 
172.

Ericson, S., 1968: The Parotid Gland in Subjects with and without Rheumatoid Arthritis. Acta 
radiologica, Stockholm, Suppl. 275.



77

Ericson, S. 8c Jacobsson, K.-A., 1968: A secretory and clinical investigation of the parotid 
glands in patients with rheumatoid arthritis. Acta oto-laryng., 66, 101.

Feldman, H. 8c Maier, E., 1959: Neue metodische und differentialdiagnostische Gesichtspunkte 
zur Funktionsprüfung der Chorda tympani. Arch. Ohren-Nas-Halsheilk., 174, 423.

Foley, J. O., 1945: The sensory and motor axons of the chorda tympani. Proc. Soc. Exper. 
Biol, and Med., 60, 262.

Fortunato, V., 1959: La résection de la corde tympan dans l’opération de Rosen. Acta otorhino- 
laryng. Belg., 13, 128.

Freeman, L. W., 1963: Neuronal regeneration. Arch, of Enviromental Health, 7, 289.
Frenckner, P. 8c Preber, L., 1954: The effect of electric stimulation of the chorda tympani. 

Acta oto-laryng., Suppl. 116, p. 100.
Furstenberg, A. C. 8c Crosby, E., 1945: Disturbance of the function of the salivary glands. 

Ann. of Otol. Rhinol, and Laryng., 54, 243.
Gerhardt, H.-J. 8c Berndt, H., 1967: Zur Schädigung des Geschmackssinnes durch die Stapes- 

operation. Zeitschr. f. Lar. Rhin. Otol., 46, 520.
Glanville, E. V., Kaplan, A. R. Sc Fischer, R., 1964: Age, sex and taste sensivity. J. of Ge

rontology, 19, 474.
Godskesen, N. H., 1888: Om Lidelser af Chorda Tympani og Plexus Tympanicus. Doctorate 

thesis, Copenhagen.
Guilford, F. R., 1961: Personal experiences with the Shea oval window-vein graft technique. 

Laryngoscope, 71, 484.
Guth, L. Sc Bernstein, J. J., 1961: Selectivity in the re-establishment of synapses in the superior 

cervical sympathetic ganglion of the cat. Exp. Neurology, 4, 59.
Harbert, F., Wagner, S. and Young, I. M., 1962: The quantitative measurement of taste func

tion. Arch, of Otolaryngology, 75, 138.
Herrman, R., 1965: Die funktionellen Folgen des Chorda-tympani-Ausfalles und ihre klinische 

Bedeutung. Zeitschr. f. Lar. Rhin. Otol., 44, 414.
Hinchliffe, R., 1958: Clinical quantitative gustometry. Acta Otolaryng., 49, 453.
Ho, W. Y. H., 1937: Disturbances of taste of otitic origin with special reference to operations 

on the ear. Arch, of Otolaryngology, 26, 146.
House, H., 1963: Early and late complications of stapes surgery. Arch, of Otolaryngology, 78, 

606.
House, W. F. and Pulec, J. L., 1964: Facial nerve involvement and testing in acoustic neuromas. 

Arch, of Otolaryngology, 80, 685.
Jeppsson, P. H., 1967: Studies on the innervation of taste buds. Acta oto-laryng., Suppl. 224, 

140.
Jeppsson, P. H., 1969: Studies on the Structure and Innervation of Taste Buds. Acta oto-laryng., 

Suppl. 259.
Jilek, M. 8c Likar, O., 1960: Table of random sample sizes needed for obtaining non-para- 

metric tolerance regions. Zastowania Matematyki, 5, 155.
Kander, L., 1906: Die Störungen der Geschmacksempfindung bei chronischen Mittelohreiter

ungen insbesondere nach operativen Eingriffen. Arch, für Ohrenheilk., 67, 69.
Kerr, A., 1961: The Physiological Regulation of Salivary Secretions in Man. Pergamon Press, 

Oxford, London, New York and Paris.
Kettel, K., 1963: Repair of infratemporal lesions of the facial nerve due to traumas. Ann. 

of Otol. Rhinol, and Lar. 72, 756.
Krarup, B., 1965: Kliniske Smagundersögelser. Doctorate thesis, Copenhagen.
Krasnogorski, N. I., 1931: Bedingte und unbedingte Reflexe in Kindesalter und ihre Bedeutung 

für die Klinik. Ergeh, inn. Med. Kinderheilk., Berlin, 39, 613.
Kümmerli, F., 1964: Die traumatischen Schädigungen des Nervus lingualis. Schweiz. Monatschr. 

f. Zahneheilk., 74, 226.



78

Laage-Hellman, J. E. 6c Strömblad, B. C. R., 1960: Secretion from human submaxillary gland 
after section of the chorda tympani. J. appi. Physiol., 15, 295.

Larsson, A., 1960: Otosclerosis. A Genetic and Clinical Study. Acta oto-laryng., Suppl. 154, 
pp. 33—34.

Laumans, E. P. J. 6c Jongkees, L. B. W., 1963: On the prognosis of peripheral facial paralysis 
of endotemporal origin. Ann. of Otol. Rhinol, and Laryng., 72, 307.

Lewis, D. 6c Dandy, W. E., 1930: The course of the nerve fibers transmitting sensation of 
taste. Arch. Surg., 21, 249.

Luco, J. V. 6c Vera, C., 1964: Sensivity to acetylcholine of the nictitating membrane reinner
vated by cholinergic fibers. Acta physiol, latino america, 14, 289.

Ludwig, C., 1851: Neue Versuche über die Beihilfe der Nerven zur Speichelabsonderung. 
Z. rat. Med., N. F., 1, 255.

Lussana, P., 1869: Recherches expérimentales et observations pathologiques sur les nerfs du 
goût. Arch, de physiol, norm, et path., 2, 20.

Madsen Electronics, 1970: Madsen Model GO 70 Gustometer. 220 Sonderlundvej. Copenhagen- 
Herlev, Denmark.

Magielski, J. E. 6c Blatt, I. M., 1958: Submaxillary salivary flow: a test of chorda tympani 
nerve function as an aid in diagnosis and prognosis of facial nerve paralysis. Laryngo
scope, 68, 1770.

Miyoshi, Y., Kimura, T. 6c Nakane, H., 1968: Studies on the clinical gustatory examination. 
Modified Krarup’s method. J. of Otolaryng. of Japan, 71, 139.

Moon, Jr. L. W. 6c Pullen, E. W., 1963: Effects of chorda tympani section during middle ear 
surgery. Laryngoscope, 73, 392.

Motta, G. e. Profazio, A., 1957: Richerche sulle modificazioni quantitative della secrezione 
salivare sotto-mascellare e sull’azione della pilocarpina dopo sezione della corda del 
timpano nei soggetti radicalizzati dell’orecchio. Otol. ecc. ital. 25, 167.

Motta, G., Nucci, C. e. Alvisi, C., 1964: Contributo alla conoscenza delle vie nervose peri
feriche del gusto. Uoto-rhino-laryngologia ital., 33, 3.

Murray, J. G. 6c Thompson, J. W. 1957: Collateral sprouting in response to injury of the 
autonomic nervous system and its consequences. Brit. Med. Bull., 13, 213.

Ohlin, P., 1966: Nervous and Hormonal Control of Salivary Glands in Rats. Acta univ. lund., 
Sect. II, No. 7, Lund.

Pawlow, I., 1907: Die äussere Arbeit der Verdaungsdrüsen und ihr Mechanismus. W. Nagel, 
Handbuch der Physiologie des Menschen, Braunschweig.

Pierce, F. R. 6c Gregersen, M. I., 1937: Changes in the submaxillary secretory response to 
pilocarpine after section of the chorda tympani. Amer. J. Physiol., 120, 246.

Ranner, K., 1956: Zur sensorischen und sensiblen Innervation der Zunge. Wien. klin. Wschr., 
68, 245.

Rice, J. C., 1963: The chorda tympani in stapedectomy. ]. of Laryng. and Otol., 72, 943.
Richins, C. A. 6c Kuntz, A., 1953: Role of sympathetic nerves in the regulation of salivary 

secretion. Am. ]. of Physiol., 173, 471.
Roseburg, B., 1966: Postoperative Befunde der Chorda tympani nach Otoskleroseoperationen. 

HNO, 14. 262.
Rosen, S., 1952: Surgery and neurology of Menières disease. Arch, of Otolaryng., 56, 152.
Rossberg, G., 1965: Geruch- und Geschmacksstörungen als Folge von Erkrankungen des Ohres, 

der Nasennebenhöhlen und der Mundhöhle. Zeitschr. f. Lar. Rhin. Otol., 44, 663.
Russel, W. R., 1964: Some reactions of the nervous system to trauma. Brit. Med. journal., II, 

403.
Schneyer, L. H. 6c Levin, L. K., 1955: Rate of secretion by individual salivary gland pairs of 

man under conditions of reduced exogenous stimulation. J. of Appi. Physiol., 7, 508.
Seifert, G., 1964: Zur Enzymhistochemie der Speicheldrüsen bei der experimentellen Sialadenose 

und nach Sympathicusblockade. Beitr. zur path. Anat. und zur allg. Path., 130, 295.



Seo, M. T., 1934: Observations on the salivary secretion from the denervated submaxillary 
gland. Tohuku J. exp. Med., 22, 563.

Simpson, J. A., 1964: Biology and disease of the peripheral nerves. Brit. Med. Journal., II, 709.
von Skramlik, E., 1926: Physiologie des Geschmackssinnes. Handbuch der Norm, und Pathol. 

Physiologie, Julius Springer, Berlin. Quoted by Diamant et al., 1963.
von Skramlik, E., 1963: The fundamental substrates of taste. Olfaction and Taste I, 1, 125. 

Ed. Y. Zotterman. Pergamon Press, Oxford, London, New York and Paris.
Stokes, G. E. & Freeman, L. W., 1951: The influence of some drugs on the rate of nerve 

regeneration. Quart. Bull. Indiana Univ. Med. Center, 13, 59.
Strömblad, B. C. R., 1955: Acetylcholine inactivation and acetylcholine sensitivity in denervated 

salivary glands. Acta physiol, scand., 34, 38.
Taverner, D. et al., 1967: Prognosis and treatment of idiopathic facial (Bell’s) palsy. Brit. Med. 

J., 1, 391.
Tomita, H. & Pascher, W., 1964: Über die Geschmacksfunktion nach Ausfall der sensorischen 

Zungennerven. H. N. O. Berlin, 12, 163.
Torrini, G., 1940: La sensibilità gustativa nei due terzi anteriori della lingua o negli operati di 

radicali mastoidea. Arch. Ital. di Otologia, 52, 516.
Waterhouse, J. P. & Winter, R. B., 1964: Evidence for a trend of replacement of functional 

secretory cells by fat and connective tissue in human submandibular salivary glands 
through adult life. J. of Dental Res., 53, 965, Suppl.

Wells, H., 1963: The neural regulation of salivary gland growth. Ann. of New York Acad. 
Sci., 106, 654.

Wiberg, A., 1965: Salivsekretion och smak efter ingrepp i mellanörat. Nord. Med., 73, 548.
Vlasto, M., 1929: The chorda tympani nerve in otology. Proc. roy. Soc. Med., 22, 1561.
Wohlfeil, M., 1936: Über Geschmacksstörungen nach Mittelohrerkrankungen und Radikal

operationen. Inaug. Diss. Königsberg.
Zander, R., 1897: Ueber das Verbreitungsgebiet der Gefühls- und Geschmacksnerven in der 

Zungenschleimhaut. Anat. Anz., 14, 131.


