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ABSTRACT 

This study explores pre- and postoperative speech motor 
abilities in cases of patients suffering from cancer in the 
oral cavity affecting the tongue or the floor of the mouth. 
Depending on the course of therapy (surgical treatment vs. 
radio-chemotherapeutical treatment vs. combination of 
surgery and postoperative radio-chemotherapy) intra-oral 
carcinoma leads to varied forms of functional articulation 
disorders. The results reveal that radio-chemotherapy is the 
most important factor concerning the impairment of speech 
motor abilities, whereas the localization of the cancer 
seems to be less important. 

1. INTRODUCTION 

The main objective in medical therapy of malignant tumors 
is the complete resection of the carcinoma. Besides the 
effort to achieve the survival of the patient, it could be 
observed over the last decades that therapy focused more 
and more on the endeavour to maintain simultaneously the 
quality of life of tumor patients. For patients suffering from 
intra-oral cancer this implies the maintainance of speech 
motor abilities, in addition to minimizing the post-
therapeutic impairments of mastication and swallowing [1, 
2, 3, 4]. The present study forms part of a long-term study 
which was carried out in order to illuminate the effects of 
different medical therapies on the speech production of 11 
patients suffering from cancer. The principles of treatment 
depended on localization, state and histologic type of 
malignoma, therefore the different applied procedures will 
be explained, and subsequently the observed changes in 
articulation will be presented. Main objective was the 
evaluation of vowel articulation. 

2. METHOD 

2.1 Patients 
In five cases the cancer affected the floor of the mouth (fm), 
in six cases the tongue (t). The histologic analyses con-
firmed in ten cases a keratinizing squamous cell carcinoma 
(PECA) and in one case a semi-malignant ameloblastoma 
(AB). Concerning the treatment, generally the tumor was 
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ed (res), mostly the resulting defect was closed with 
 flaps (rec). Radiotherapy (ra) and chemotherapy (ch) 
applied as postoperative as well as primary therapy 
1). Nine patients who underwent surgical treatment 
ipated in four speech recording sessions: one 
erative recording (recording session 1) and three 
erative recordings after two, twelve and 24 weeks 

ding session 2, 3, 4). Two patients were treated solely 
radio-chemotherapy and participated in one 
erapeutic and one post-therapeutic recording session 
ding session 1 and 2). 

t age group diagnosis locus ch ra res rec 
 45 I PECA fm - - x x 
 48 I PECA fm x x x - 
 41 I PECA fm - - x x 
 59 I PECA fm x x x x 
 73 I AB fm - - x x 

37 II PECA t x x x x 
60 II PECA t - - x x 
49 II PECA t - - x x 
34 II PECA t - x x x 
54 III PECA t x x - - 
56 III PECA t x x - - 

 1: Study population 

aterial 
e acoustic analysis a selection of isolated sustained 
an vowels (i, e, , ø, y, a, o, u) and vowels (i, e, a, o, u) 
ial position followed by a voiceless stop (p, t, k) in 
sequences was taken from the data obtained by the 
h recordings.  
es the pre- and postoperative speech recordings a 
rdized investigation protocol was applied to register 
nd postoperative functional abilities of the intra-oral 
es. Simultaneously, patients evaluated introspectively 
nctional disorders of articulation, mastication and 
wing by means of a rating scale from one (very good) 
 (very bad). 

ata 
h recordings were carried out either in the hospital 
 DAT-Walkman (Sony TCD-D8) or by means of a 

Recorder (TASCAM DA-20MKII) in the phonetics 
dio. Subsequently the acoustic data were transferred 



to a personal computer. Further analysis was carried out 
with PRAAT 3.9, and for the statistical analysis SPSS 10.0 
was used. 
To evaluate the acoustic measures F1 and F2 in terms of 
changes in vocal tract shape both formant frequencies were 
used as input to a PCA-model (Principal Component 
Analysis) via table look-up [5]. The PCA-model is based on 
a measured area function which was obtained from MRI 
(magnetic resonance imaging) recorded during vocal 
articulation of seven vowels by one speaker. By means of a 
cubic spline interpolation the measured area function was 
distributed for each basic vowel on different sections (50 
scans for each area function) and a neutral area function 
was calculated. This transformation made it possible to 
determine for the measured formant frequencies the 
specific area function. The resulting PCA-model was 
adopted from Story & Titze [6] and extended by vocal tract 
length [5]. For the following acoustic evaluation of vowel 
quality F1 and F2 were converted into the perceptual scale 
Bark applying Zwicker’s [7] formula:  
z / Bark = 13 arctan (0.76 ƒ/kHz) + 3.5 arctan (ƒ/7.5 kHz)2    (1) 

Localization and state of the tumor as well as the surgical 
procedure were documented photographically and in a 
standardized pre- and intraoperative protocol. 

3. RESULTS 

Patients were divided into three groups depending on the 
localization of the cancer and the medical treatment. None 
of the patients showed any impairment with regard to the 
speech motor abilities before treatment, nevertheless, some 
patients noticed painful sensations in the anatomic region 
of the tumor during rest or during certain oral movements 
in the preoperative phase. 

3.1 Group I 
In four cases a keratinizing squamous cell carcinoma 
(PECA) affected the floor of the mouth, in one case a 
ameloblastoma (AB) was diagnosed. In one case the defect 
after tumor resection was closed by an iodoform packing, in 
two cases by a regional tissue flap and in two cases the 
mandibular defect was repaired with an autologous bone 
from the iliac crest.  
With regard to the preoperative introspective evaluation 
four patients rated the functional disorders of articulation, 
mastication and swallowing with one (very good), one 
patient rated articulation and swallowing with two and 
mastication with three. The postoperative ratings of all 
patients showed a significant deterioration of all functions. 
The main change took place between the second and third 
recording session, i.e. with the beginning of radio-chemo-
therapy. All patients referred to specific impairments of the 
articulation concerning the fricatives /s, z, / and the stops 
/d, t/. Sometimes the realization of the lateral /l/ led to 
problems. The data obtained by the acoustic analysis show 
a postoperative decrease of F2 with respect to the front 
vowels /i, e/ and an increase with regard to the back vowels 
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 which points to a centralization of these vowels (Fig. 
e data of patient fm2 illustrate these changes. After 
ion of the cancer of the floor of the mouth the defect 
losed by means of a regional tissue flap, the lingual, 
cial and the hypoglossal nerves were intact. The 
ed formants of the front vowels showed a significant 
se of F2 during the third session: /e/ followed by /t/ 

ed by 344 Hz and /e/ followed by /k/ lowered by 322 
n a Bark scale this corresponds to a lowering by 1.17 
12 respectively (in other words, a difference of more 
one critical band width), this explaining the clear 
tual difference in vowel quality (Fig. 2).  

 
e 1: Change of F1 and F2 after resection of the tumor 
osure of the defect (fm2) 
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e 2: Pre- and postoperative values of F2 measured in 
fm2) 

 

e 3: Reconstruction of the area function of an isolated 
2) 

rning the reconstruction of the area function 
ponding to the observed formants of the isolated 
ned vowel /e/, patient fm2 shows variations of the 
 of the vocal tract with regard to the vestibule of the 
 (Fig. 3). The decrease of F2 can be explained by a 



lengthening of the vocal tract due to reduced spreading of 
the lips. Furthermore, a postoperative widening of the 
posterior oral cavity can be noted, accompanied by a 
parallel shifting to the region of the anterior cavity. This 
could be attributed to the fact that the state of the tumor of 
the floor of the mouth (TNM-System: T4 = tumor more 
than 4 cm and/or with extension to bone, muscle, skin etc.) 
made it necessary to carry out an extended resection up to 
the posterior part of the cavity. The operative loss of tissue 
and the postoperative impairment of lingual movements 
may explain the increase of the posterior cavity. 
3.2 Group II 
In further four cases a keratinizing squamous cell carcino-
ma affected the lateral margin or the base of the tongue. In 
all cases the tumor was completely removed and the defect 
was closed with a regional tissue flap. Introspective ratings 
showed that in this group the postoperative impairment of 
articulation, mastication and swallowing is considerably 
greater than in group I. As in group I, the main decrease 
occured between session two and three, i.e. the start of 
radio- or combined radio-chemotherapy. 

 

 
Figure 4, 5: Change of F1 and F2 after resection of the 
tumor and closure of the defect in two cases (t1 and t3) 
 
The acoustic analysis of the data shows interindividual 
variations for F1 and F2 values. Postoperatively decreasing 
values for F2 for front vowels and increasing values for 
rounded back vowels demonstrate in some patients an 
effect of centralization. Other patients show a postoperative 
increase of F2 with regard to front vowels or a change of F1 
for unrounded front vowels, a fact which seems to de-
monstrate compensatory movement of the jaw or a change 
in constriction size (Fig. 4 and 5). This observation could 
probably be explained by different postoperative healing or 
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zation results. To illustrate these effects, two 
les will be discussed (Fig. 6 and 7). In both cases (t1 
) the cancer affected the lateral margin of the tongue. 
resection the defect was repaired with a tissue flap. 
ngual and the hypoglossal nerves were preserved. 

  
e 6, 7: Tissue flaps; left: t1, right: t3 

ugh in both cases the same surgical procedure had 
arried out, the postoperative acoustic and perceptive 
is showed different results. While in case t1 pre- and 
erative values differ by 1 to 2 Bark, the difference in 

3 amounts to only 0.4 to 1 Bark and, as the analysis of 
dividual ratings reveal, for patient t3 the impairment 
ech motor abilities seems to be less substantial.  
roup III 
noperable cases of squamous cell cancer of the lataral 
n of the tongue (t5, t6) were treated solely by  primary 
chemotherapy. Both patients rated the pretherapeutic 
lation ability with one, after completion of 
chemotherapy the ratings decreased to five, i.e. the 
 disorders of vocal articulation are very marked. This 

rment can be explained by the radiation-induced 
mation of the mucosal structures (Fig. 8 and 9) and 
xceedingly distressing xerostomia (formation of 
e viscous and sticky saliva) in the oral cavity. 

  
e 8, 9: Situation after completion of primary radio-
therapy; left: t5, right: t6 

honetic analysis of vowel articulation shows in both 
a clear centralization concerning F1 and F2 (Fig. 10). 
constructed area function of the vowel /e/ of patient 
strates the post-therapeutic configuration change of 
cal tract. While the posterior oral cavity is narrowed, 
terior section is enlarged. The area function of the 

d recording session of the vowel /e/ shows more 
pondence with the area function of //, the specific 
latory constriction of /e/ has vanished. 
rmore, F0 frequently changes after radio-chemo-
y. The acoustic data of patient t5 demonstrate a 
icant post-therapeutic increase of F0 for all measured 
s (Fig. 12). The results reveal that radio-chemo-



therapy is the most important for the observed impairment 
of speech motor abilities, whereas the localization and the 
size of the cancer seem to be less important. 

 
Figure 10: Centralization of F1 and F2 before and after 
primary radio-chemotherapy (t5) 

 
Figure 11: Reconstructed area function of the isolated 
sustained vowel /e/ (t5) 
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Figure 12: F0 before (recording session 1) and after 
(recording session 2) primary radio-chemotherapy (t5) 

4. CONCLUSIONS 

Although today one of the main therapeutic objectives is to 
maintain functional abilities of patients suffering from 
intra-oral cancer, only a few investigators have yet tried to 
clarify the specific effects of different medical treatments 
on speech production. This fact could be explained on the 
one hand by the difficulty in obtaining homogeneous 
groups of patients with regard to tumor localization and 
tumor size and the different surgical procedures. On the 
other hand the available number of comparable patients is 
too small to lead to statistically relevant statements with 
regard to specific effects of a therapeutic procedure on 
functional articulation abilities. Despite these difficulties 
and restrictions, studies of small populations or merely 
single case studies do lead to a better understanding of the 
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herapeutic effects on speech production, even if only 
cies can be discussed. The findings of the present 
show clearly that patients suffering from cancer of 
or of the mouth tend to a centralization concerning 

owel articulation, while patients suffering from a 
nant tumor of the tongue show a variety of changes of 
onal speech motor abilities, essentially depending on 
calization of the tumor. In all cases radio-chemo-
y seems to be the most important factor concerning 
pairment of speech motor abilities. 
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