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Effects of sinus lifting on voice quality

A prospective study and risk assessment
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Abstract: A variety of potential complications associated with sinus lift surgery have been
reported in the literature. However, potential alterations of voice quality following sinus
elevation have so far not been mentioned or evaluated scientifically. For the majority of
patients, slight changes of the voice pattern are of no importance. However, for voice
professionals, whose voices have become part of their distinctive profession or trademark,
minimal changes may have dramatic consequences. This specific group of patients, such as
speakers, actors and singers, depend on the particular quality and timbre of their voice for
their livelihood. Consequently, the purpose of this study was to assess the effects of sinus
lifting on voice quality in the above patient group. In a collaborative interdisciplinary effort,
the Departments of Oral Surgery and Otorhinolaryngology, Section of Phoniatrics and
Logopedics, thoroughly evaluated a series of voice parameters of four patients undergoing
sinus lifting pre- and postoperatively. The parameters analyzed included pitch, dynamic
range, sound pressure level, percent jitter, percent shimmer and noise-to-harmonics ratio
with special emphasis on formant analysis. No changes were detected in any of the
commonly evaluated parameters. These were rated subjectively by patients and their friends
or relatives and objectively with instrumental tools under isolated phoniatric lab conditions.
In conclusion, sinus lift surgery appears to be a safe, predictable evidence-based method for
regenerating the highly atrophic posterior maxilla, which does not jeopardize the individual
characteristic voice pattern of high-profile patients critically dependent on their voices for
their livelihood.

Introduction loss, the osteotome technique (Summers

1994, 1998; Horowitz 1997; Zitzmann &

Sinus floor elevation has become an estab-
lished technique for generating maxillary
bone compromised by atrophic bone loss
(Geiger & Pesh 1977; Tatum 1986; Misch
1987). Its outcome is predictable and its
long-term results have been evaluated
(Olson et al. 2000). Two techniques are
used: the classical approach through a
lateral window and, for less severe bone

Scharer 1998; Baumann & Ewers 1999).
The potential effects of sinus lifting on
voice quality have so far not been addressed
in reported studies. As sinus lifting reduces
the size of the maxillary sinus, so that the
resonant volume of the paranasal sinus
system becomes smaller, alterations in
voice quality cannot altogether be ruled
out at least in theory. This particularly
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applies to nasality. Alterations in voice
quality secondary to nasal cavity and
paranasal sinus surgery have been reported
(Chen & Metson 1997; Hosemann et al.
1998).

Alterations in the distinctive personal
voice quality are usually annoying for the
patients. For professional voice users, they
may be disabling. For persons profession-
ally relying on their voices like singers,
speakers, actors as well as speech thera-
pists, even minor modulations may have
existential implications and constitute an
unacceptable risk. As a rule, voice or rather
its quality and timbre is associated with a
particular person and is unique for this
person. For voice professionals, it is a
distinctive sign and may even be a personal
trademark. This is why this selected group
of patients is entitled to evidence-based
information on the predictability of the
surgical intervention and its potential risks
pre-operatively. Evidence-based informa-
tion about the predictability of treatment
is also important legally in terms of medical
liability, because voice alterations, if any,
are irreversible.

Vocal sound is generated by vibrations of
the vocal folds. These give rise to a
spectrum of sounds rather than to a single
sound. The sound with the lowest pitch is
called fundamental. The whole-number
multiples above it are known as harmonics
(Kent 1993; Sundberg 1997; Story et al.
1998). As this spectrum passes through the
acoustic system, it is subject to amplifica-
tion, dampening and superimpositions. As
a result, part of the spectrum is extin-
guished. What remains is perceived as a
person’s individual voice (Kent 1993;
Wendler et al. 1996; Sundberg 1997). The
resonance of the vocal tract, which is
composed of all supraglottic ventilated
spaces, i.e. the endolarynx, the pharynx,
the mouth, the nasal cavity and the
paranasal sinuses, modulates the primary
sound in a characteristic way (Fant 1960).
What role the maxillary sinus plays as a
resonant cavity for the human voice was
shown in a study investigating the effects of
prosthetic and epithetic repair of the max-
illa and its resonant cavity on eliminating
nasality in maxillectomized patients (To-
bey & Lincks 1989).

Transitory alterations in voice quality are
known to occur in patients with inflam-
matory obstruction of the maxillary sinus,
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i.e. sinusitis or rhinitis (Cecil et al. 2001).
In patients undergoing extensive sinus floor
elevation, similar alterations are at least
conceivable and cannot be ruled out with-
out conclusive scientific evidence.

This gave rise to the investigation of the
effects, if any, of sinus lifting on changes in
voice quality and in particular in vocal
resonance both subjectively by questioning
patients and those close to them and
clinically under lab conditions.

Material and methods

To be selected for this study patients had to
fulfill three criteria, i.e. (1) express request
for implant treatment, (2) edentulous and
highly atrophic posterior maxillas with
inadequate residual ridge height for single-
stage augmentation and implant place-
ment, and (3) readiness to undergo phonia-
tric studies pre- and postoperatively. Four
patients were enrolled, three of them
female and one male. The age of the female
patients was 40, 55 and 66 years. The male
patient was 71 years old. Mean patient age
was §8 years.

Sinus lifting was done in general anesthe-
sia as detailed in the protocol of the
Department of Oral Surgery at the Vienna
University Medical and Dental School. To
prevent intra-operative stress and control
local bleeding, a local anesthetic, i.e.
articain hydrochloride, 4-8 ml, mixed with
epinephrine (Ultracain dental Forte®,
Hoechst Marion Roussel, Vienna, Austria),
was added. Based on a meticulous preopera-
tive diagnostic work-up by dental computed
tomography (d-CT), access to the maxillary
sinus was gained through a lateral window
by reflecting the bone flap attached to the
sinus membrane. Then Schneider’'s mem-
brane (sinus endothelium) was elevated
from occlusal and buccal towards nasal
without disruption. To control the amount
of bone to be generated and its precise site a
surgical template made from a prosthodon-
tic set-up was used. This ensured state-of-
the-art per-protocol prosthetic-driven im-
plant placement planned collaboratively by
the prosthodontist and the surgeon. Can-
cellous autografts from the iliac crest mixed
with Bio-Oss™ at a ratio of 3 : 1 and platelet-
rich plasma (PRP) were introduced through
the lateral windows in the maxilla bilater-
ally. Recent reports indicated that cancel-

lous autografts, while abundantly available
from the iliac crest, were subject to massive
resorption, which can largely be prevented
by admixing bone substitutes like Bio-Oss®
(Haas et al. 1998, 2002; Watzek et al. 1998).
Perioperative medication consisted of anti-
biotics (amoxicillin and clavulanic acid-
= Augmentin®, Smith-Kline Beecham
Pharma, Austria), 2g daily for 7 days,
anti-inflammatories and analgesics (mefe-

®

naminic acid = Parkemed", Parke-Davis,
Vienna, Austria), 1500 mg daily for 7 days.
A  nasal decongestant (oxymetazoli-
ne =Nasivin® 0.05% nose drops, Merck,
Vienna, Austria), t.i.d. or q.i.d. bilaterally
for 7 days, was added to facilitate sinus
ventilation. The patients were watched for
24 h postoperatively and discharged home
on the first postoperative day. Six months
after sinus elevation and after completing
the studies described in this contribution,
all patients received four implants on either
side and were provided with either remo-
vable bar-retained or nonremovable screw-
retained dental work. Loading has so far
been uneventful clinically.

All patients routinely underwent radi-
ologic studies pre- and postoperatively.
These included OPGs (orthopantomogra-
phy) and d-CTs. High-resolution scans of
the maxilla were acquired with a conven-
tional CT scanner (Tomoscan SR-6000,
Philips, Eindhoven, The Netherlands)
using a low-dose dental CT investigation
protocol (1.5 mm slice thickness, 1.0mm
table feed, 120kV, 50mA, 2 s, high-resolu-
tion bone filter). With this low-dose proto-
col, the radiation dose rendered to the
patients is 93 % lower than that of conven-
tional CT protocols (Gahleitner et al.
2001).

To assess the sinus volume preopera-
tively and the size of the grafts and of the
residual sinuses postoperatively, axial slices
were acquired from the occlusal plane to
the orbital floor. These were color-coded
with the ADOBE Photoshop software,
version 5.0, which showed the ventilated
sinus volume in blue and the solid grafts in
red. Scans with a slice distance of 1 mm
were pooled for computing volumes. For
reconstruction the LUCIA
VGA software, version 4.51, was used. In

volumetric

a comparative evaluation the method used
was found to provide the most accurate
volumetric information about the sinus and
graft volumes. Its usefulness is well docu-
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Fig. 1. Color-coded sinus and graft volumes: red represents the sinus lift and blue the maxillary sinus

mented in the literature (Jensen et al.
1998a, 1998b; Uchida et al. 1998a,
1998b). Fig. 1 shows an example of the
color-coded sinus and graft volumes.

Phoniatric and logopedic studies

The phoniatric studies were performed by
an experienced examiner at the Depart-
ment of Otorhinolaryngology, Section of
Phoniatrics and Logopedics, University of
Vienna Medical School, before surgery and
2 weeks postoperatively. As the postopera-
tive phoniatric follow-up of the sinus-lifted
patients was delayed until after the surgery-
related lesions had healed completely,
additional studies at a later time were
unnecessary. To rule out any examiner
bias, the examiner was blinded to the
pre- and postoperative sinus volumes and

graft sizes. All studies were performed with
due attention to the Guidelines of the
European Laryngological Society (Dejonck-
ere 2000). Preoperative risk factors
and abnormalities, if any, were elicited
from the patients’ history and by phoniatric
studies. These included auditory perceptual
assessment, otoscopy, rhinoscopy and
pharyngoscopy, videostroboscopy,
range profile analysis and computer-as-

voice

sisted auditory assessment and were re-
peated postoperatively to identify any
changes. For assessing the singing and
speaking voice profiles, the standardized
protocol recommended by the Union of
European Phoniatrics was followed (Seid-
ner and Schutte 1982). The head micro-
phone used for recordings was set for an
ambient noise level of<4o dB in the exam-
ination room.

Born:

0 mm

1.0méA

Gantry :

From the singing voice range profiles
elicited pre- and postoperatively, the vari-
ables below were computed:

e frequency range of singing voice (FR) in
semitones (ST) and

e evaluation of voice constitution as ‘nor-
mal’ with a standard value for maximum
sound pressure level (SPLy.x) of at least
9o dB.

The speaking voice range profiles were
used for determining the

e fundamental frequency of habitual
speaking voice in Hz,

e frequency of shouting voice in Hz,

e SPL of shouting voice in dB and

e dynamic range, i.e. the difference be-
tween the sound pressure levels of shout-
ing and habitual speaking voices in dB.
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Functional voice assessment consists of
both perceptual and acoustic investiga-
tions. Consequently, both subjective per-
ceptual assessments with the standard RBH
scale (R=roughness, B =breathiness,
H =hoarseness) and digital voice record-
ings were made. Digital voice recordings
were obtained for further spectral analyses.
Roughness, breathiness and hoarseness
were rated on a four-point scale (o0 = normal
normal or no deviance, 1 = slight deviance,
de-
viance). Voice quality was assessed during
conversational speech at habitual pitch and
loudness. The nasal component of the vocal

2 =moderate deviance, 3= severe

sound was also evaluated. To quantify
auditory perceptual parameters, the Got-
tingen Hoarseness Diagram (rp-Szene) was
added to the RBH scale. Selected vowels (/
:a/, [e:]. [i:/, Jo:/, Ju.]) were phonated at a
comfortable pitch and loudness and at a
‘very loud’ level (/a:/ as in ‘after’, /e:/ as in
‘face’, /i:/ as in ‘me’, /o:/ as in ‘more’ and /
u:/ as in ‘soup’). The patients were in-
structed to sustain the vowels for at least
5 s. With the computer-assisted Gottingen
Hoarseness Diagram, periodicity analyses
were made. These were used to describe
irregularities or roughness by measuring
percent jitter (frequency variation of con-
secutive vibrations), percent shimmer
(peak-to-peak amplitude variation) and the
mean perturbation correlation as well as the
noise components and the breathiness by
assessing the glottal-to-noise excitation
ratio (GNE) (Klingholz 1986; Frohlich et
al. 1998). In addition, the standard text
‘Nordwind und Sonne’ generally used in
the German-speaking countries was re-
corded for subsequent analysis. Two-second
sequences of the vowels /a:/, /i:/ and /u:/
voiced at normal loudness were subjected to
spectral analysis for formant quantification
with the Multidimensional Voice Program
(MDVP) — Computerized Speech Lab (CSL)
of Kay Elemetrics Corporation, Lincoln
Park, NJ, USA. Formants are energy peaks
in the overall voice spectrum (Fant 1960;
Maurer et al. 1991). The relative energy
levels of the first 3 formants (F1-F3) were
determined by fast fourier transformation
(FFT). To eliminate any examiner bias, the
first three harmonics (Hi-H3) were also
considered as whole-number multiples of
the fundamental in the voice spectrum.

To complete the assessment made by
objective lab analyses, both the patients
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themselves and those close to them were
questioned about subjectively perceived
voice changes, and the postoperative voice
was compared with preoperative digital
voice recordings by experienced listeners.

Results
Postoperative course

All patients made an uneventful recovery
by CT, OPG and clinical evidence. They
were discharged home after 24h. The
medication described earlier was continued
for 7 days, i.e. the time of suture removal.
On CT the grafts showed a homogeneous
structure and normal ossification without
signs of poor integration. In one female
patient, thickening of the sinus endothe-
lium was found incidentally. This had been
present preoperatively and was clinically
asymptomatic. To rule out a falsifying
effect on the data, the thickness and
volume of the sinus membrane was deter-
mined volumetrically and deducted from
the graft and sinus volume.

Volumetric analysis

The mean sinus volume was 18.156 cm?3.
The graft size accounted for 16.5% of the

Table 1. Volumetric analysis in cm® and %

original sinus volume with a range of 13.1-
22.6%.

Table 1 lists the computed pre- and
postoperative sinus and graft volumes in
cubic centimeters and percent.

Phoniatric and logopedic analysis
Subjective voice rating

When questioned postoperatively, none of
the patients reported any perceived altera-
tions in timbre and other voice character-
istics vs. pretreatment. Similarly, those
close to them did not perceive any voice
changes.

A comparison of pre- and postoperative
voice recordings did not provide any evi-
dence of alterations in timbre and voice
quality. This particularly applied to articu-
lation and intelligibility. Alterations of the
nasal component were also absent by
auditory perceptual evidence. Preoperative
auditory perceptual assessment with the
RBH scale had been suggestive of a normal
voice quality (Ro Bo Ho) in two patients.
One female patient scored R1—2 Bo Hi-2,
i.e. slightly to moderately rough and
hoarse; another female patient scored Rt
Bo Hi, i.e. slightly rough and hoarse. These
ratings were unchanged postoperatively.

Patient Vsin |+rpra e Vaug I+r Vsin postop Vmuc V%aug I+r V% sinl+r V% mucl+r
1 23.5 5.3 18.2 0.0 22.6 77.4 0.0
2 31.6 4.7 26.9 0.0 15.0 85.0 0.0
3 47.6 7.3 31.8 8.5 15.3 66.8 17.9
4 42.5 5.6 37.0 0.0 13.1 86.9 0.0
Mean 36.3 5.7 28.5 = 16.5 79.0 =
Right maxillary sinus

Vpreop Vaug Vsin postop vmuc v% aug V% sin V% muc
1 15.5 3.6 11.9 0.0 15.2 84.8 0.0
2 15.8 2.4 13.5 0.0 7.4 92.6 0.0
3 21.0 4.4 16.1 0.5 9.2 89.7 1.1
4 21.0 3.5 17.5 0.0 8.1 91.9 0.0
Left maxillary sinus

Vpreop Vaug Vsin postop Vmuc v% aug V% sin V% muc
1 8.1 1.8 6.3 0.0 7.5 92.5 0.0
2 15.8 2.4 13.4 0.0 7.6 92.4 0.0
3 26.5 2.9 15.7 8.0 6.0 77.1 16.8
4 21.5 2.1 19.4 0.0 4.9 95.1 0.0

Viin 1 1 r pre: total preoperative volume, left and right sinus; V,,q1 . (: total graft volume, left

and right sinus; Viin postop: POStoperative sinus volume; Vp,,: volume of sinus membrane;

Vosaugi+r: Percent grafted left and right sinus; Veini - percent residual preoperative
volume after sinus lifting, left and right sinus; Ve, muc1 4 r+ percent sinus membrane of total
preoperative sinus volume, left and right sinus; Vjreop: preoperative sinus volume; V;q:

graft volume; Vy,..q: percent grafted sinus; Vin: percent residual preoperative sinus

volume after sinus lifting; Vo, muc: percent sinus membrane of pre-operative sinus volume.




Phoniatric otoscopy, rhinoscopy and pharyngo-
scopy
Otoscopy, rhinoscopy and pharyngoscopy

were within normal for the patients’ age.
One female patient was incidentally found
to have Reinke’s edema of the vocal folds.
She was put on drug treatment and entered
in a phoniatric follow-up program.

Voice profile analysis

For the sake of completeness, phoniatric
parameters describing voice constitution
were also considered in the study. A
comparison of the baseline and the post-
operative data showed minor intraindivi-
dual variations well within the range of
normal day-by-day variability. The discrete
deterioration in voice quality clinically
suspected in patient #4 and the slight
improvement vs. baseline in patient #3
were not corroborated by auditory percep-
tual evidence. Table 2 lists the outcome of
singing and speaking voice analyses.

Periodicity analysis

The periodicity data, i.e. perturbation
correlation, percent jitter, percent shim-
mer, irregularity, glottal-to-noise excita-
tion ratio and noise, are shown in Table 3
in different phonation conditions. A com-
parison of the data before and after sinus
lifting showed minor alterations well within
the range of day-by-day variability. These
were not detectable by auditory studies.

Spectral analysis

The relative energy levels of the first three
formants (F1-F3) and the first 3 harmonics
(Hi-H3) pre- and postoperatively are
shown in Table 4. The traces were inter-
preted by experienced examiners. No clini-
cally relevant differences between pre- and
post-treatment data were detected. Fig. 2
shows an example (patient #3) of the pre-
and postoperative formant traces.

Discussion

In a number of studies, objective lab tests
showed the paranasal sinuses to be an
important part of the resonant system
(Masuda 1992; Dang & Honda 1996;
Koyama 1996; Vasilenko et al. 1997). On
account of its volume the paired maxillary
sinus contributes overproportionately to
this system. Almost a century ago the
sinus volume was reported to vary widely

Tepper et al . Effects of Sinus lifting on voice quality

Table 2. Results of singing and speaking voice range profile measurements

Patient FR SPL of Frequency of Frequency of DR (ST) SPL of
loud singing  habitual speaking shouting shouting
voice>90dB voice (Hz) voice (Hz) voice>90dB

1.S.E.

preop 24 Yes 135 262 30 No
postop 24 Yes 135 262 29 No

2. H.H.

preop 24 Yes 196 254 32 No
postop 31 Yes 196 288 35 Yes

3. M.E.

preop 24 No 196 277 23 No
postop 28 No 196 288 26 Yes

4. N.W.

preop 27 No 131 196 31 Yes
postop 27 No 131 196 31 Yes

SPL: sound pressure level; FR: frequency range of singing voice; DR: dynamic range of

speaking voice.

Table 3. Mean values of the voice perturbation parameters

Patient PTC Jitter % Shimmer% Irregularity GNE Noise
1. S.E.
preop 0.934 0.51 1.57 2.67 0.523 2.21
postop 0.997 0.30 2.41 2.96 0.355 2.01
2. H.H.
preop 0.989 0.34 4.49 3.87 0.404 2.70
postop 0.999 0.30 1.97 2.50 0.653 1.67
3. M.E.
preop 0.997 2.10 4.12 3.30 0.420 2.64
postop 0.997 0.21 2.37 2.85 0.506 2.28
4.N.W.
preop 0.996 1.38 3.98 3.43 0.617 1.82
postop 0.998 3.03 4.62 3.41 0.538 2.15

PTC: perturbation correlation; GNE: glottal-to-noise excitation ratio.

from 9.5 to 20 cm?® with a mean volume of
14.75 cm? (Schaefer 1910). These volumes
are relatively smaller than those we found,
because they were derived from fully
dentate skulls without atrophy-related si-
nus pneumatization.

In this study, the sinus volume was
routinely reduced by preprosthetic sinus
floor elevation by as much as 22%. As the
results showed, this reduction did not
entail any subjectively perceived or objec-
tively verifiable voice changes of a transi-
tory or permanent nature. Such minor day-
by-day amplitude variations as were seen
had no clinical implications.

The results of this study do not confirm
reports indicating that the resonant char-
acteristics of the maxillary sinus vary as a
function of the sinus size and volume
(Masuda 1992). These reports were based
on studies of anatomical variants without
any pathologies, without comparative pre-
and postoperative data following surgical

Table 4. Relative energy levels (amplitudes)
of the first 3 formants (F1-F3) and the first
three harmonics (H1-H3) pre- and post-
operatively

Patient F1 F2 F3 H1 H2 H3
1.S.E.
lai/ L T
1t [ B B
lu/ T = | (-
2. H.H.
lai/ 1 L I |
lii/ A A A A
fu:/ l l = = 1
3. M.E.
la:/ T = 1 1
1if = L 7 = 1 !
Ju:/ = || = 1 l
4. N.W.
la:/ T 1
1if L= 1|
lu/ L |

manipulation of the paranasal sinus system
and without regard to the sinus volume. A
comparative study showed postoperative
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Energy (dB)

preoperative
AN W
postoperative '

Frequency (Hz)

Fig. 2. Example of pre- and postoperative formant traces: patient #3, sustained vowel /u:/.

voice alterations following endoscopic
maxillary sinus surgery in one-third of the
cases. These alterations were both subjec-
tively perceivable and verified by spectral
analysis (Hosemann et al. 1998). In another
study five patients who underwent endo-
scopic polypectomy of the maxillary sinus
initially complained of increased nasality,
which later cleared spontaneously (Chen &
Metson 1997). The authors recommended
alerting all patients, particularly voice
professionals, to this risk prior to elective
surgery. Considering that minimally inva-
sive endoscopic procedures may have a
substantial effect on voice quality, the
results of this study were surprising.
Although sinus floor elevation through a
lateral window with bone autografts and
bone substitutes is much more traumatic
than any endoscopic procedure, it did not
cause any voice changes. The postendo-
scopy phenomena reported by others may
perhaps be attributable to initial postinter-
ventional congestion following instrumen-
tal manipulation of the natural ostium
causing temporary blockage of the para-
nasal resonant cavities. This assumption is
supported by the gradual recovery of the
original voice quality, once the reactive
processes subsided. The mechanisms un-
derlying the clinical phenomena observed
appear to be linked to the substantial
differences between comparatively trau-
matic sinus floor elevations and relatively
endoscopic  procedures.
While sinus lifting is not performed, unless
the sinus is clear and well ventilated,

nontraumatic

endoscopic procedures are usually indicated
in abnormal sinuses, which generally show
inflammatory lesions. Sinus lifting reduces
the sinus volume, whereas other proce-
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dures increase it, as polyps, etc. are
removed. The site of intervention is an-
other important point. Sinus lifting in-
volves the lateral and basal segments of
the maxillary sinus without coming any-
where near its ostium and without manip-
ulating the nasal wall except if the sinus is
extremely flat. In this case, the graft and
the site of manipulation may come close to
the natural opening (Nevins & Fiorellini
1999). Although less traumatic anatomi-
cally, endoscopic access through the natur-
al opening may nevertheless cause reactive
local swelling of the mucosa with resultant
impairment of drainage.

Most importantly, sinus lifting is, in
essence, an extrasinusoidal procedure,
which can ideally be done without disrupt-
ing Schneider’s membrane. While the sinus
endothelium is flattened in the process,
other morphological changes, particularly of
the goblet cells, are absent, as was shown in
histological studies (Haas et al. 1998).

Completion or follow-up endoscopy was
omitted, because it would have aggravated
the demands made on the patients by
additional manipulation prolonging the
operating time without providing any
further information diagnostically and ther-
apeutically. In fact, minimally invasive
endoscopic sinus surgery was shown to
cause significant changes in voice quality
(Chen & Metson 1997). In light of this and
in view of the problem of interest, endo-
scopic manipulation of whatever kind was
felt to be contraindicated. It would have
biased the single-purpose objective evalua-
tion of the effects of sinus lifting.

This study documented that, if patients
are carefully selected and the procedure is
properly done, sinus lifting is unlikely to

have any detrimental effects on voice
quality. This aspect is of particular rele-
vance in terms of medical diligence and
liability, when counseling professional
voice users preoperatively.

Conclusion

Sinus lifting and the associated reduction of
the sinus volume by up to one quarter of the
preoperative size does not entail any sub-
jectively perceivable or objectively verifi-
able alterations in voice quality. With due
regard to the legal aspects involved, i.e.
medical liability and predictability of treat-
ment outcome, it has a legitimate place
even in patients depending on their voices
professionally.

Résumé

Quelques complications potentielles associées a la
chirurgie d’épaississement du plancher sinusal ont
été rapportées dans la littérature. Les altérations
potentielles de la qualité de la voix suivant 1’épais-
sissement du plancher sinusal n’ont pas encore été
mentionnées et évaluées scientifiquement. Pour la
majorité des patients, des petites variations dans le
timbre de la voix ne sont pas importantes. Cepen-
dant, pour les professionnels de la phonation pour
lesquels la voix est devenue une partie importante de
leur profession, des variations méme faibles peuvent
entrainer des conséquences dramatiques. Ce groupe
spécifique de patients, tels que les orateurs, les
acteurs et les chanteurs dépendent essentiellement
de la qualité et du timbre particulier de leur voix dans
leur vie professionnelle . Par conséquent, le but de
cette étude a été d’estimer les effets d'un épaississe-
ment du sinus sur la qualité de la voix dans ce groupe
de patients. Dans un effort interdisciplinaire colla-
boratif, les départements de chirurgie buccale et
d’otorhino-laringologie, la section de phonétique et
de logopédie ont évalué de maniére trés précise une
série de parameétres de la voix avant et apres
l'opération chez quatre patients ayant subi un
épaississement du sinus maxillare . Les paramétres
analysés contenaient la hauteur, 1’étalement, le
niveau de pression du son, le pourcentage de trac,
le pourcentage de chatoiements et la proportion
bruit-harmonie avec une insistance spéciale sur
l’analyse du formant. Aucun changement n’a été
détecté dans aucun des parameétres évalués couram-
ment. Ces derniers étaient estimés subjectivement
par les patients et par leurs amis ou parents, et
objectivement a l’aide des instruments sous des
conditions de laboratoire de phonétique isolé. En
conclusion, la chirugie d’épaississement du plancher
sinusal semble une méthode stire, avec un pronostic
basé sur l’évidence, permettant de regénérer les
maxillaires trés atrophiés qui n’empéche pas la
caractéristique individuelle de la voix chez des
patients avec des profils ou la voix est essentielle a
leur vie active.



Zusammenfassung

Der Einfluss einer Sinusbodenelevation auf die
Stimmqualitit, eine Langzeitstudie und Risikoana-
lyse.

In der Literatur werden eine ganze Reihe von
moglichen Komplikationen beschrieben, die bei dem
chirurgischen Eingriff der Sinusbodenelevation auf-
treten konnen. Veranderungen der Stimme, die als
Folge einer Sinusbodenelevation vorkommen kon-
nen, wurden aber bis heute weder beschrieben, noch
wissenschaftlich ausgewertet. Fiir den Grossteil der
Patienten haben leichte Verinderungen der Stimme
keine Bedeutung. Fiir Personen aber, deren Stimme
bei der Austibung ihres Berufes wichtig ist, eventuell
ein Teil ihres Berufes oder gar Markenzeichen
geworden ist, konnen kleine Verinderungen drama-
tische Folgen haben. Diese ausgewihlte Gruppe von
Patienten, wie zum Beispiel Nachrichtensprecher,
Schauspieler oder Singer, sind im tiglichen Leben
auf die spezifische Art und den Klang ihrer Stimme
angewiesen.

Daher war das Ziel dieser Studie, Einfliisse einer
Sinusbodenelevation auf die Stimmqualitit bei den
oben erwihnten Patienten zu untersuchen. In einer
interdiszipliniren Zusammenarbeit untersuchten
die Klinik fiir Oralchirurgie und Otorhinolaryngolo-
gie und die Abteilung fiir Phonetik und Logopidie an
4 Patienten vor und nach der Sinusbodenelevation
sehr eingehend verschiedene Parameter der Stimme.
Die untersuchten Parameter waren Tonhohe, Ton-
volumen, den durch den Ton erzeugten Luftdruck,
Schwingungen, Vibrationen und das Verhiltnis
zwischen Nebengeriuschen und harmonischem
Klang mit speziellem Augenmerk auf formative
Analysen.

Man erkannte bei keinem der oben untersuchten
Parametern eine Verinderung. Sie wurden sowohl
subjektiv durch die Patienten und ihre Freunde oder
Verwandten, sowie objektiv mit Messinstrumenten
unter absolut schallisolierten Laborbedingungen
gemessen.
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