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Abstract

Int roduct ion and goals: We have studied the relat ionship between the minimum stapedial reflex 
thresholds induced by means of the int ra-operat ive st imulat ion of the cochlear implant  and the 
post -operat ive thresholds of highest  auditory comfort  level.
Met hods:  We have assessed the maximum auditory comfort  at  the end of the first  and second 
quarters following act ivat ion of the cochlear implant , by which t ime the st rategy for codificat ion 
of  t he st imuli and the programming map are considered to be already stable.  The study was 
carried out  at  our cochlear implants unit . All the pat ients in the study had bilateral sensorineural 
deafness of varying aet iology and, following our standardized bat tery of diagnost ic tests, were 
considered to be good candidates for cochlear implant .  All aspects of  the surgical technique 
were kept  the same in order to be able to compare the results bet ter. All members of the study 
were fit ted with at  least  one Nucleus Freedom implant  with Contour Advance Elect rode.
Result s: This study has been carried out  on 24 cochlear implants placed in 22 pat ients younger 
than 14 years old.
Conclusions: After assessing our experience, we can conclude that , in the Nucleus Freedom with 
Contour Advance Elect rode cochlear implant , there is a posit ive stat ist ical relat ionship between 
the levels of  acoust ic reflex induct ion obtained at  the peri-operat ive stage and the levels of 
maximum auditory comfort ,  as determined by behavioural observat ion techniques for each of 
the dif ferent  elect rodes, in children up to 14 years old.
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Introduction

At  present , cochlear implantat ion is considered the 
t reatment  of choice for all pat ients suffering from severe 
or profound bilateral sensorineural hypoacusis, and whose 
maximum rate of intelligibilit y does not  exceed 50% of 
understanding, in an open field determinat ion using the 
most  powerful hearing aids suitable for each case. 1 At  
present , some authors even indicate a cochlear implant  
for situat ions with intelligibilit y rates below 70%, obtained 
under the condit ions expressed above. 2

However, cochlear implantat ion requires, at  a t ime 
after surgery, the programming of each of the elect rodes, 
according to dif ferent  st imulat ion st rategies, to achieve 
opt imal hearing results.

The act ivat ion process of the cochlear implant  is 
performed with a processor using so-called units of 
current  ranging from 1 to 225, which correspond to units 
of measurement  of intensity ranging between 0.01 mA and 
1.75 mA, respect ively.

One of the most  important  aspects of the operat ion of 
the cochlear implant  is the degree of hearing comfort , also 
known as degree of maximum comfort . This refers to the 
maximum intensity the user of the cochlear implant  can 
receive without  it  causing unpleasant  or annoying auditory 
sensat ions.

The hearing comfort  of the pat ient  and, consequent ly, 
the funct ional success of the cochlear implantat ion depend 
on both the implantat ion surgery and the appropriateness 
of the programming of the cochlear implant .

Indeed, the degrees of st imulat ion of each elect rode in 
the st imulat ion st rategy chosen, ie, what  is known as the 

“ st imulat ion map”  must  be appropriately established during 
the first  months of hearing rehabilitat ion and will opt imize 
the auditory comfort  level (C) and the hearing threshold 
level (T) of the child.

Thus, the choice of the previously ment ioned degrees 
of st imulat ion for the elect rodes, in each of the st rategies 
used, is a met iculous process, in which the adult  pat ient  
must  collaborate in order to achieve the best  auditory 
performance of the implanted device.

However, in the case of children, this act ivat ion process 
and organizat ion of the st rategy and of the degrees of 
st imulat ion of the cochlear implant  will result  much more 
laborious and will require greater collaborat ion from the 
family of the pat ient .

Especially in the case of an infant  or young child, the 
changes in behaviour and involuntary reflexes that  may 
take place are the considerat ions which must  be used in the 
creat ion of individual act ivat ion maps.

This difficulty is accentuated in situat ions where the 
pat ient , child or adult ,  in addit ion to age limitat ions, suffers 
mult iple deficit  syndrome, which may, in addit ion, produce 
communicat ive or cognit ive defects.

Therefore, at  this point  in the invest igat ion of cochlear 
implantology, it  is very important  to establish obj ect ive 
parameters which facilitate, in children or in pat ients 
unable to cooperate, the ident ificat ion of appropriate 
st imulat ion thresholds.

In this regard, the current  technological development  
allows us, int ra-operat ively during implantat ion, to perform 
a series of determinat ions, including measurement  of the 
impedance of the elect rodes, the evaluat ion of the stapedius 
reflex threshold and the obtent ion of neural response to 

Estudio de la correlación entre los umbrales del reflejo estapedial inducido durante la 

cirugía del implante coclear y la máxima comodidad auditiva del paciente pediátrico

Resumen

Int roducción y obj et ivos: Hemos estudiado la relación ent re los umbrales mínimos del ref lej o 
estapedial, inducidos mediante la est imulación int raoperatoria del implante coclear, y los um-
brales postoperatorios de máxima confortabilidad audit iva.
Mét odos:  Hemos valorado dicha confortabil idad audit iva al f inal del primero y el segundo t ri-
mest re, t ras la act ivación del implante coclear, momento en el que se considera que la est rate-
gia de codif icación de los est ímulos y el mapa de programación ut il izados ya son estables. El 
estudio ha sido realizado en nuest ra unidad de implantes cocleares. Todos los pacientes en estu-
dio, afectos de hipoacusia neurosensorial bilateral pluriet iológica, t ras la realización de nuest ra 
sistemát ica protocolizada de pruebas diagnóst icas, fueron considerados como buenos candida-
tos para la implantación coclear. La técnica quirúrgica se ha uniformizado al máximo en todos 
sus aspectos, a f in de poder comparar mej or sus resultados. Todos los integrantes del estudio 
eran portadores de, al menos, un implante Nucleus Freedom con Contour Advance Elect rode.
Resul t ados: Este estudio se ha realizado sobre 24 implantaciones cocleares realizadas en 22 
pacientes menores de 14 años.
Conclusiones: Tras la valoración de nuest ra experiencia, podemos concluir que, en el modelo 
Cochlear Freedom con Contour Advance Elect rode, hay una relación estadíst ica posit iva ent re 
los grados de inducción del ref lej o estapedial obtenidos peroperatoriamente y los grados de 
máximo confort  audit ivo determinados mediante técnicas de observación del comportamiento, 
para cada uno de los diferentes elect rodos, en niños de hasta 14 años de edad.

© 2008 Elsevier España, S.L.  Todos los derechos reservados.
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st imulat ion, which can be measured to obtain data allowing 
bet ter post -operat ive performance of the cochlear implant , 
especially in the situat ions ment ioned above.

These peri-operat ive determinat ions do not  result  
uncomfortable for the pat ient , as they are carried out  whilst  
under the effects of general anaesthesia and analgesia, 
despite taking place in ext reme st imulat ion condit ions and 
cont inuing for as long as necessary.

Of all the possible determinat ions of the hearing funct ion 
which may be performed peri-operat ively, we have chosen 
for this study only the int ra-operat ive induct ion of stapedial 
reflex.

The stapedial reflex is defined as a protect ive stapedial 
reflex response of the auditory system against  high intensity 
sounds, through a cont ract ion of the stapes muscle 
fundamentally, although there is also a cont ract ion of the 
hammer muscle.

In daily cl inical pract ice,  it  is possible t o evaluate t he 
t hreshold of  t his reflex using t ympanometers,  which can 
assess changes in impedance of  t he eardrum-ossicular 
system. Under t hese study condit ions,  t he t hreshold 
for t riggering t he st apedial reflex is approximately 
70 dB above t he hearing t hreshold of  t he subj ect ,  for 
st imulat ions verified wit h 50-4000 Hz t ones.  Wit h 
cont ralateral st imul i,  in children,  t he reflex t hreshold is 
sl ight ly higher.

The nerve pathway that  t riggers the stapedial reflex is 
polysynapt ic, as it  uses four neural stat ions: the first , the 
organ of Cort i;  the second in the vent ral cochlear nucleus; 
the third, the interneurons of the medial,  ipsilateral and 
cont ralateral superior olive; and the fourth, the medial 
neurons of the motor nucleus of the facial nerve.

In certain cases of t ransmission hearing loss, this reflex 
can be abolished; in cochlear hearing loss it  may be present  
with hearing loss of 60 dB, and in ret rocochlear hearing loss 
it  can be abolished, even with mild hearing loss.

The purpose of our study is to verify whether the 
stapedius reflex threshold, established through peri-
operat ive st imulat ion of dif ferent  elect rodes, can be used 
as a reference value for the subsequent  calculat ion of 
the maximum degree of hearing comfort  in the implanted 
child.

Methods

In the study described below we have included 24 cases 
of cochlear implantat ion in 22 pat ients, between 1 and  
14 years of age, operated on at  our cochlear implant  unit .

Each of the subj ects included in the study underwent  
a surgical technique of cochlear implantat ion for the 
t reatment  of bilateral sensorineural hearing loss.

Implantat ions were carried out  during the period between 
July 2005, and June 2007.

All our pat ients were fit ted with a Freedom type Nucleus 
implant  (Cochlear Corporat ion®) with Contour Advance 
Elect rode.

The stapedial reflex was induced in all of them during 
surgery for cochlear implantat ion, in the same 5 elect rodes 
of the beam, composed of 22 elect rodes, and successfully 
int roduced into the cochlea at  a comparable depth of 
insert ion.

The elect rodes selected for this measurement  are those 
occupying posit ions 22, 16, 11, 6, and 1 (from the apex to 
the basal spiral).

The complete study populat ion were 22 pat ients, since 
2 of our cases included bilateral implantat ion, of which 8 
(36.36%) were male and 14 (63.7%) were female.

The aet iology of hearing loss is shown in Table.
Logically, we have excluded from the study those pat ients 

with stapedial fixat ion syndrome, auditory malformat ion, 
auditory neuropathy, and those in whom the surgical 
technique or some other il lness made it  impossible to obtain 
a stapedial reflex that  could be evaluated.

The following were used for the dif ferent  
elect rophysiological determinat ions: the Custom Sound 
EP v1.2.5 elect rophysiology software for Freedom implant  
model and the Custom Sound v1.2.6 programming software 

for Freedom implants and Freedom processor.
Cochlear implantat ion was performed in the otolaryngology 

service of the hospital,  a referral cent re for the early 
diagnosis and t reatment  of profound hearing loss in our 
region.

This implant  cent re has been working in the framework 
of the Program for Diagnosis and Treatment  of Profound 
Deafness since 1995, when the first  cochlear implantat ion 
was carried out .

All the dif ferent  aspects of our act ivity are protocolized 
in act ion guidelines subj ect  to constant  review.

The procedure for general anaesthesia is always performed 
by the same specialist  in anaesthesiology, who carries out  
his act ivity in such a way that  it  cannot  influence the int ra-
operat ive neurophysiologic determinat ions under study.3,4

The same surgeons always perform the surgery, and verify 
that  the int roduct ion of the device is comparable in all 
cases.

Thus, after the int roduct ion of the beam of elect rodes 
through the orifice of the cochleostomy, and prior to it s 
sealing, the stapedial reflex is measured using the software 
and hardware provided by Cochlear Corporat ion, as specified 
earlier.

Along with this determinat ion, an impedance test  and a 
test  for determining neural response are also systemat ically 
carried out .

The int ra-operat ive measurement  of the stapedial reflex 
is carried out  only on 5 elect rodes of the total making up 
the implant , dist ributed in a permanent  way, from 1 to 
22, always taking as reference the same elect rodes in all 
pat ients in the study: elect rodes 1, 6, 11, 16, and 22. Thus, 
we obtain measurements of elect rodes from the apex to the 
cochlear basal spiral.

The evaluat ion of the t riggering of the stapedial reflex is 
always carried out  by the same surgeon, using the surgical 
microscope and a monitor image which great ly amplifies 
the presence of muscle cont ract ion, enabling highly 
reliable data; any minimal cont ract ion of the stapes muscle 
occurring after adequate st imulat ion is considered as a 
posit ive reflex.

Similarly, data have been collected at  the pat ients’  
act ivat ion sessions, 3 and 6 months after implantat ion, 
when a programming session takes place with the audiologist  
from Cochlear and an act ivat ion map is created, from which 
the pat ients’  hearing comfort  threshold has been obtained 
(C level).
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For analysis of the data obtained we used the SPSS 
stat ist ical program, and a study of linear correlat ion 
through the Pearson correlat ion coefficient  was performed 
to measure the linear relat ionship between quant itat ive 
variables.

Results

Figures 1-5 present  the results obtained by determining  
the stapedius reflex threshold in the elect rodes  
indicated.

Table 1 Aet iopathogenic and epidemiological data on our study group

Pat ient Gender Age, y Aet iology Date of implant Insert ion Type of implant

  1 Female 4 Genet ic 20-7-2005 T Contour advanced
  2 Male 3 Genet ic 21-9-2005 T Contour advanced
  3 Female 13 Genet ic 14-12-2005 T Contour advanced
  4 Male 3 Premature 25-1-2006 T Contour advanced
  5 Female 3 Connexin 26 15-2-2006 T Contour advanced
  6 Female 2 After meningit is 8-3-2006 T Contour advanced
  7 Male 4 Blood relat ionship 23-3-2006 T Contour advanced
  8 Male 2 Blood relat ionship 29-3-2006 T Contour advanced
  9 Female 4 Premature 21-4-2006 T Contour advanced
10 Male 7 Ototoxicity 24-5-2006 T Contour advanced
11 Female 6 Ototoxicity (?) 31-5-2006 T Contour advanced
12 Female 3 Genet ic 28-6-2006 T Contour advanced
13 Male 2 Genet ic 30-6-2006 T Contour advanced
14 Female 1 Premature 28-7-2006 T Contour advanced
15 Female 2 Blood relat ionship 6-9-2006 T Contour advanced
16 Female 8 Genet ic 17-11-2006 T Contour advanced
17 Female 5 Premature 10-1-2007 T Contour advanced
18 Male 2 Genet ic 28-2-2007 T Contour advanced
19 Female 2 Genet ic 23-5-2007 T Contour advanced
20 Female 6 Genet ic 6-6-2007 T Contour advanced
21 Female 1 After meningit is 13-6-2007 T Contour advanced
22 Male 1 Blood relat ionship 20-6-2007 T Contour advanced

P indicates part ial;  T, total.
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Figure 1 Representat ion of  t he ESRT values f rom elect rode 1 during peri-operat ive st imulat ion,  as well as the comfort  values 
obtained at  the end of the first  and second quarters, after the act ivat ion of the cochlear implant , in all cases studied.
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The graphs are linear, showing the values obtained  
by st imulat ing the stapedial reflex int ra-operat ively, in 
each of the elect rodes considered in the study, in all cases 
included. These results are presented as a group in Figure 6.
In elect rode 1, the values of ESRT exceed an average of 52 

units of current , at  level C, at  the end of first  term, and an 
average of 45 units of current  at  the end of the semester, 
as shown in Figure 1.

In the case of elect rode 6, we found an average of 42 and 
37 units of current , in ESRT st imulat ion, above the hearing 
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Figure 2 Representat ion of the ESRT values from electrode 6 during peri-operat ive st imulat ion as well as the comfort  values obtained 
at  the end of the first  and second quarters, after the act ivat ion of the cochlear implant, in all cases studied.

Figure 3 Representat ion of the ESRT values from electrode 11 during peri-operat ive st imulat ion as well as the comfort  values obtained 
at  the end of the first  and second quarters, after the act ivat ion of the cochlear implant, in all cases studied.
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comfort  level at  the end of the first  and second quarters, 
respect ively, as presented in Figure 2.

In the case of elect rode 11, the dif ference between ESRT 
and the C level, after 3 months, was shown to be 44 units of 
current , decreasing to 32 when studying the same elect rode 
in the sixth month after act ivat ion, as shown in Figure 3.

In the case elect rode 16, the result  is an average of 37 
units of current  above the comfort  level (C level) after 3 
months; the dif ference is reduced to 33 units of current , in 
the sixth month, as is shown in Figure 4.

Finally, in the case of elect rode 22, ESRT exceeds the level 
of hearing comfort  by 52 units of current , after 3 months 
of act ivat ion, and by 46 units of current  after 6 months, as 
shown in Figure 5.

In the general considerat ion of all the elect rodes, it  can 
be observed that  during the first  quarter after the init ial 
programming, the dif ference between the ESRT and the 
level of hearing comfort  is 45.4 units of current  and at  
the end of the first  semester the dif ference between both 
values is 39 units of current .
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Figure 4 Representat ion of the ESRT values from electrode 16 during peri-operat ive st imulat ion as well as the comfort  values obtained 
at  the end of the first  and second quarters, after act ivat ion of the cochlear implant, in all cases studied.

Figure 5 Representat ion of the ESRT values from electrode 22 during peri-operat ive st imulat ion as well as the comfort  values obtained 
at  the end of the first  and second quarters, after act ivat ion of the cochlear implant, in all cases studied.
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Regarding the stat ist ical t reatment  of data using the 
Pearson test , the results show that , for all elect rodes 
studied, the degree of comfort  at  3 and 6 months presents a 
posit ive correlat ion regarding the degree of int ra-operat ive 
stapedial reflex.

The correlat ion in the levels at  6 months shows a range of 
0.142-0.656, and is greater than the interval of the levels at  
3 months, which varies between 0.07 and 0.537.

Discussion

Since the beginning, the aim has always been the use of 
an obj ect ive method to allow opt imizat ion of the various 
systems to improve hearing.

Historically, Burnet t  et  al5 found, in 1984, the effect iveness 
of stapedial reflexes to establish the appropriateness of 
hearing aids in animal experiments.

On the other hand, in adults, it  has been at tempted to 
compare the elect rically t riggered stapedial reflex, through 
a cochlear implant , and the acoust ically t riggered stapedial 
reflex, outside the operat ive period; in both cases, the 
t riggering thresholds were similar, although the amplitude 
of the response and the wave form of the response were 
dif ferent .6

Jerger et  al7 and Gat taz et  al8 have made preliminary 
studies in previous models of cochlear implant , such as 
the Nucleus Contour and others. Indeed, in these models 
the dif ferent  authors argue that  the levels of elect rical 
st imulat ion through the cochlear implant  may be indicat ive 
of the degrees of discomfort  in the later programming of the 
Nucleus Contour models in some pat ients,9 and that  these 
determinat ions can be used as guidance for the set t ing of 
the thresholds of hearing comfort ,  although their results 
should be used with caut ion. 10

Subsequent ly, some authors pointed to the exact  match 
between the thresholds of elect rically t riggered stapedial 
reflex and the thresholds of acoust ic discomfort ,  both 
determined post -operat ively.11

Later, the thresholds of auditory discomfort  were studied, 
determined peri-operat ively in the Nucleus Contour 
models, and a large coincidence was found between the 
2 determinat ions.12,13 However, these determinat ions had 
not  been carried out , unt il now, in a sufficient  number of 
pat ients implanted with the Freedom model with Contour 
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Figure 6 Representat ion of the ESRT values obtained int ra-operat ively and the degrees of hearing comfort  established at  the end 
of the first  and second quarter, after act ivat ion of the cochlear implant , for the dif ferent  elect rodes considered in the study.

Figure 7 Expression of  the percentage relat ionship between 
the values of the stapedius reflex threshold, established through 
peri-operat ive st imulat ion of the dif ferent  elect rodes, and the 
subsequent  calculat ion of  t he maximum hearing comfort ,  6 
mont hs af t er  cochlear implant  act ivat ion,  in each of  t he 
elect rodes studied.
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Advance Elect rode, which has completely dif ferent  features 
from previous models.

Our study determines the relat ionship between the 
stapedius reflex threshold, established by peri-operat ive 
st imulat ion of dif ferent  elect rodes, and the subsequent  
calculat ion of the maximum hearing comfort  (C level) in the 
current  Freedom models with Contour Advance Elect rode.

Analyzing the data from the induct ion of the stapedial 
reflex at  each elect rode separately, we can conclude 
that , in all selected elect rodes, the value obtained int ra-
operat ively for the induced reflex is higher than the C level 
in the act ivat ion maps, in the condit ions of our study, as 
shown in Figure 6. This is logical when we consider that  the 
t riggering intensity of the peri-operat ive stapedial reflex is 
an intensity of discomfort ,  thus the later level of comfort  
must  inevitably be lower.

This gives addit ional support  for the consistency of the 
study and informs us, moreover, of the narrow dynamic 
range of elect rical st imulat ion of the cochlear implant  and 
the need for precise programming with the aim of obtaining 
the best  results for auditory funct ion.

These data are consistent  with the literature reviewed4,14,15 
in determinat ions carried out  with other models of cochlear 
implant .

The special disposit ion of the Freedom model with Contour 
Advance Elect rode makes it  possible to establish a more 
accurate numerical relat ionship and with high predict ive 
capacity with respect  to the degree of pat ient  comfort .

In fact , the graphical assessment  of the results obtained 
6 months after cochlear implant  act ivat ion allows for an 
accurate relat ionship to be established, for each of the 
elect rodes of the Freedom model, between the stapedius 
reflex threshold established by peri-operat ive st imulat ion 
of the dif ferent  elect rodes, and the subsequent  calculat ion 
of the maximum hearing comfort  (C level),  as shown in 
Figure 7.

In this graph, it  is clear that  in the elect rodes 1, 6, and 
22 the percentage deviat ion is higher than in the cent ral 
elect rodes 11 and 16.

This can be explained, in the case of elect rode 1, by 
the fact  that  in many pat ients there is a certain distance 
between the placement  of the elect rode and the area of 
interest , to the extent  that , in some cases, there may be no 
stapedial reflex at  that  level.

In the case of elect rodes 11 and 16, which have t riggering 
intensit ies for the stapedial reflex, ie, hearing discomfort ,  
generally very close to the maximum comfort  level, thus 
reducing the range of act ion to 10% and 2% respect ively, 
the result  can be as follows: first ly, as a consequence of the 
greater proximity of these cent ral elect rodes to the area of 
interest , in the cochlea, probably by the special architecture 
and organizat ion of the beam holding the elect rodes, 
and secondly, we must  consider that , 6 months after 
implantat ion, the concept  of hearing comfort  in children 
is cont roversial,  because their init ial sensat ions, whatever 
they may be, may in many cases seem unpleasant .

In the case of elect rode 22, the greater dif ference 
between the 2 thresholds must  be at t ributed to a greater 
anatomical distance between the most  distal elect rode and 
the area of st imulat ion in the cochlea.

In any of the cases, the values obtained at  the t ime of 
surgery can be used as a predict ion of what  will be the 

approximate value of hearing comfort ;  in addit ion they 
will be very useful in knowing the maximum values we can 
achieve at  the t ime of init iat ing act ivat ion in a pat ient  with 
prelocutory hearing loss.

Conclusions

The values obtained for int ra-operat ive induct ion of the 
stapedial reflex in any of the elect rodes studied are above 
the C level of hearing comfort  obtained in the act ivat ion 
maps over a period of 3 months.

Six months after act ivat ion, there is a rapprochement  
between the 2 values, expressed in units of current , 
through a stat ist ical relat ionship that  is dif ferent  for each 
elect rode.

This allows a predict ion during surgery, by means of a 
peri-operat ive determinat ion for each of the elect rodes, 
of closely approximate values of hearing comfort  after 6 
months of act ivat ion.

All this allows us to conclude the usefulness of knowing, 
at  the t ime of init iat ing the act ivat ion of a cochlear implant  
in a pat ient , the maximum values of auditory funct ionality 
which we can achieve later.

This possibilit y is especially useful in implanted children.
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