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Abstract: Background. The purpose of this study was to
describe the impact of partial lateral glossectomy on midsagittal
tongue movement during speech.
Methods. Using B-mode ultrasound, the midsagittal tongue
movement of 10 patients with lateral partial glossectomy during
a standardized reading passage was analyzed before and after
surgery. Six normal adults served as control speakers. The main
outcome measure was the tongue velocity during speech. The
technique of defect reconstruction (local vs ﬂap) was included
as a covariate in the analysis.
Results. Following the surgery, all patients signiﬁcantly
increased the velocity of the midsagittal tongue movements during the reading passage.
Conclusion. The results demonstrated that the patients with
partial glossectomy compensated for the lateral tongue resections by increasing the velocity of the residual tongue during

Correspondence to: T. Bressmann
Parts of this article were presented as a poster at the Annual Convention
of the American Academy for Otolaryngology–Head and Neck Surgery in
Toronto, Ontario, September 17–20, 2006.
Contract grant sponsor: Canadian Institutes of Health Research.
C
V

2008 Wiley Periodicals, Inc.

718

Increased Midsagittal Tongue Velocity

speech. The study provides ﬁrst insights into the biomechanical
aspects of spontaneous articulatory compensation following latC 2008 Wiley Periodicals, Inc. Head
eral tongue resections. V
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A partial tongue resection and reconstruction can
signiﬁcantly interfere with a patient’s ability to
speak and interact socially, which will have a detrimental impact on his or her quality of life.1 A loss of
lingual tissue will interfere with the normal movement of the tongue, result in a reduced range of
movement,2,3 and cause speech distortions.4 A
number of studies on glossectomy speech have
described the performance of individual patients or
small patient groups.5–8 Some researchers have
used instrumental phonetic methods such as spectrography,9 videoﬂuoroscopy,10 or electropalatography11 in single case studies. Other researchers
have investigated word intelligibility,12 syllable
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FIGURE 1. Graphical representation of the tumor sizes and locations as documented by the surgeon. (A) Patients with local defect
closure. (B) Patients with ﬂap closure.

repetition rate,13 vowel formants,14 electropalatographic contact patterns,15 and sagittal tongue
shapes.16
A number of surgical variables determine postoperative speech and tongue function. It has been
suggested that the extent,17 the site,18,19 or the
reconstruction of the defect are the crucial factors.20 Pauloski et al3 assessed the speech and surgical results from 142 patients and concluded that
the extent of the resection correlated with the
decrease in articulatory precision, and that ﬂap
reconstructions led to poorer outcomes than local
closures. However, the defects that were closed
with ﬂaps were considerably larger than those
closed locally. Nicoletti et al2 used an automatic
speech-analyzer to assess speech production in
196 patients. Using correlation analyses, the
authors demonstrated that larger resections led
to poorer speech results. Local reconstructions
led to better results than ﬂap reconstructions
when the group was analyzed as a whole, but comparisons in location subgroups failed to differentiate between reconstructive techniques.
One constant problem in the study of glossectomy speech has been the visualization of dynamic
tongue movement. It has proven difﬁcult to assess
the effect of a tumor resection on the movement of
the tongue during speech because the tongue is
concealed in the oral cavity. Researchers have used
electropalatography to visualize linguopalatal contact patterns.11,15 However, the electropalatograph
only provides indirect information about tongue
movement. Videoﬂuoroscopy provides a more com-
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plete picture of tongue movement10 but exposes the
patient to radiation. MRI has so far been limited to
static visualizations.16
The goal of this study was to document the
impact of a lateral tongue resection on the speed
of tongue movement in patients before and after a
partial lingual resection, using midsagittal Bmode ultrasound imaging. Ultrasound is a practical, biologically safe, and patient-friendly way of
imaging the tongue for speech research in normal
and disordered populations.21–23 It was expected
that the patients would show decreased lingual
velocity in speech following the resection. This expectation was based on the assumption that scarring of the defect site would tether the residual
tongue and restrict function.17 The technique
used for defect reconstruction (local closure vs ﬂap
reconstruction) was also taken into account.
MATERIALS AND METHODS

Ten patients with tongue cancer (5
patients with T1, 3 with T2, and 2 with T3 tumors)
took part in this study. The mean age of the group
was 45 years, with a standard deviation of 8.4
years and a range of 34 to 64 years. Following the
partial lateral tongue resections, 5 patients
received local closure reconstruction, and 5
patients underwent microvascular free ﬂap reconstruction (3 radial forearm ﬂaps and 2 anterolateral thigh ﬂaps). The extent of the resection was
documented using a graphical mapping protocol.2,24 The results of the graphical mapping may

Participants.
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FIGURE 2. Research setting and instrumentation.

be found in Figure 1. Six normal speakers constituted the comparison group. The mean age of this
group was 38 years with a standard deviation of
10.1. The age range of the normal speakers was 25
to 55 years. All patients and controls spoke Canadian English with the standard Southern Ontario
accent that is common in Toronto. Using convenience sampling, the patients were recruited from
the Wharton Head and Neck Cancer Center at the
Princess Margaret Hospital in Toronto. All
research procedures were approved by the
Research Ethics Boards at Princess Margaret
Hospital, University Health Network, Toronto
(REB protocol No. 03-0274-CE) and the University of Toronto (REB protocol No. 11847).
The patients with glossectomy were seen a few
days before their surgery and 2 months after the
surgery. At this point in time, wound healing is
relatively complete and swelling has largely
receded. If the patients were undergoing adjuvant
radiation therapy, they were seen before the radiation started.
A General Electric Logiq
Alpha 100 MP ultrasound scanner (General Electric Medical Systems, Milwaukee, Wisconsin)
with a model E72 6.5 MHz transducer with a 1148
microconvex array was used to record the participants’ tongue movement in the midsagittal plane.
The midsagittal is the most reliable plane for
imaging the tongue along its length from the
tongue blade to the tongue base. The participants
were seated on an ofﬁce chair with their forehead
against a headrest and their neck on the ultrasound transducer. The video output from the
ultrasound machine was recorded to a digital
video camera (ZR 45 MC, Canon, Ontario, Canada) with a frame rate of 30 frames/second. The

acoustic signal was simultaneously recorded
using an AKG C420 headset microphone (AKG
Acoustics, Nashville, Tennessee), phantom-powered by a Behringer UltraGain Pro 2200 linedriver (Behringer, Bothell, Washington). The
research setup is shown in Figure 2. The participants read the ﬁrst 4 sentences of the Grandfather
Passage25: ‘‘You wished to know all about my
grandfather. Well, he is nearly 93 years old. He
dresses himself in an ancient black frock coat,
usually minus several buttons. Yet, he still thinks
as swiftly as ever.’’ Reading a passage with a variety of phonemes was chosen as a task that is reasonably similar to everyday conversational
speech.
The digital video ﬁlms were downloaded to a computer and analyzed using the
Ultrasonographic Contour Analyzer for Tongue
Surfaces software (Ultra-CATS21). The UltraCATS allows the experimenter to extract the individual frames from a movie sequence. The experimenter can then make semiautomatic measurements of the tongue height on these frames by
tracing the tongue contour with a drawing tool.
The distance from the ultrasound transducer to
the tongue surface was measured along radiating
gridlines at 58 intervals (Figure 3).
In the present study, all Ultra-CATS measurements were made by the ﬁrst author. Her intrarater reliability was assessed by remeasuring a
segment of the data. The mean measurement
error was found to be 0.77 mm (SD, 0.69 mm).
When the cumulative frequencies of the errors
were analyzed, it was found that 72% of the meas-

Data Analysis.
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FIGURE 3. Screenshot of the Ultra-CATS software22 with the
measurement grid superimposed over a midsagittal ultrasound
image. The anterior tongue is toward the right of the image.
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urements were within 1 mm, and 93% within 2
mm of each other. No single measurement error
exceeded 3 mm. Since the manufacturer of the
ultrasound machine estimates the accuracy of the
ultrasound image to be within 61 mm, these
results were deemed acceptable.
The tongues of different speakers may vary in
length. As a result, an unequal number of measurement points may be obtained between speakers. As previously reported,22,23 the measurement
points between 258 anterior and 258 posterior can
usually be reliably recorded in all participants.
However, the measurement points at 308 or at
wider angles may yield missing data in some
patients. In order to reduce the overall volume of
the data for the analysis, 3 representative measurement points were selected. The measurements at 258 posterior capture the movement of
the posterior tongue, those at 08 the dorsum of
the tongue, and those at 258 anterior the tongue
blade (Figure 4).
The distance data were used to calculate the
velocity of the midsagittal tongue at the measurement points 258 posterior, 08, and 258 anterior.
The tongue height in each ultrasound frame was
subtracted from the tongue height in the next
frame. Because the manufacturer of the ultrasound machine reports a measurement accuracy
of 61 mm, height differences of less than 1 mm
were discarded. In order to calculate the average
velocity at each of the 3 measurement angles, the
absolute values of the height differences were
added up and divided by the total time of the
movie sequence.
RESULTS

The average time that it took each
patient to read the ﬁrst 4 sentences of the Grandfather passage was 12.99 seconds (SD 5 0.5934) at
the preoperative assessment and 13.16 seconds (SD
5 0.5835) at the postoperative assessment. The
increase in time was not statistically signiﬁcant
according to a paired samples t test: t(9) 5 1.176, p
5 .270. The control speakers read the same passage
in 13.47 seconds (SD 5 0.8548). According to the
results of 2 independent samples t tests, there were
no signiﬁcant differences in the mean reading times
between the normal speakers and the patients
before (t(14) 5 1.322, p 5 .207) or after the partial
glossectomy surgery (t(14) 5 0.857, p 5 .406).
Reading Time.

Table 1 shows the mean values
and standard deviations for the average lingual

Tongue Velocity.

Increased Midsagittal Tongue Velocity

FIGURE 4. Midsagittal view of the tongue with superimposed
measurement grid. The grid angles that were used for the subsequent statistical analyses are highlighted.

height in the patients before and after the operation, and in the normal participants. The average
lingual height for every measurement angle was
calculated by adding up all measurement values
at this angle and calculating the mean. The measurement values at the different angles demonstrate that, in the patients, the distance of the
midsagittal tongue surface from the transducer
during speech increased postoperatively. The
height measurements were used to calculate the
tongue velocity, as described earlier. A summary
of the results for lingual velocity can be found in
Table 2 and Figure 5. The patients moved their
tongues at an average speed of 0.029 m/s (SD 5
0.0027) before the partial glossectomy as opposed
to 0.044 m/s (SD 5 0.0065) after the surgery. The
average velocity in the patients after the operation was higher than in the normal speakers
(mean, 0.038 m/s; SD 5 0.0084).
Comparison of the Tongue Velocity in Patients with
Tongue

Cancer

before

and

after

Glossectomy

All statistical analyses were conducted
for 3 representative points on the midsagittal
tongue surface: 258 posterior represented the posterior tongue (‘‘posterior’’), 08 represented the center (‘‘center’’), and 258 anterior represented the
anterior tongue (‘‘blade’’; see Figure 2). To compare the velocity of movement in these 3 lingual
segments before and after the glossectomy operation, a mixed 2 3 3 3 2 analysis of variance
(ANOVA) was used. Time (preoperation: ‘‘pre’’;
and postoperation: ‘‘post’’) and tongue segment
(posterior, center, and blade) constituted the
within-subject factors. The type of the reconstrucSurgery.
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Table 1. Tongue height in patients with tongue cancer before glossectomy, in patients with tongue cancer after glossectomy,
and in normal speakers.
Tongue height, mean (SD), mm
Subject number
1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10
11
12
13
14
15
16

Condition
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Normal speaker
Normal speaker
Normal speaker
Normal speaker
Normal speaker
Normal speaker

Reconstruction
Local closure
Local closure
Local closure
Local closure
Local closure
Free ﬂap
Free ﬂap
Free ﬂap
Free ﬂap
Free ﬂap

tion (local closure and free ﬂap) was the betweensubject factor. The analysis revealed a signiﬁcant
main effect of time: F(1, 8) 5 228.74, p <.001; and
of tongue segment: F(2, 16) 5 17.9, p <.001.
A signiﬁcant interaction was found between
the factors time and tongue segment: F(2, 16) 5
5.27, p <.05. Correlated samples t tests were
used to further investigate this interaction. The t
tests indicated signiﬁcant mean differences
between preposterior and postposterior: t(9) 5
12.63, p <.001; between precenter and postcenter:
t(9) 5 5.11, p <.002; and between preblade and
postblade: t(9) 5 8.72, p <.001, demonstrating
that the velocity of all tongue segments increased
signiﬁcantly after the glossectomy.
No signiﬁcant interactions were found
between the factors time and type of reconstruction: F(1, 8) 5 0.653, p 5 .442; between the factors
tongue segment and type of reconstruction: F(2,
16) 5 0.545, p 5 .590; or between the factors time,
tongue segment, and type of reconstruction: F(2,
16) 5 0.296, p 5 .747. The between-group analysis
across the 2 groups of patients with different types
of reconstruction (local closure and free ﬂap) did
not yield a signiﬁcant main effect of patient group:
F(1, 8) 5 0.55, p 5 .48.
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Posterior 258
54.09
58.86
50.33
57.56
39.22
55.49
55.79
56.67
57.26
53.57
50.64
59.80
46.43
56.28
31.48
51.47
46.37
63.64
41.36
50.37
49.29
42.58
49.97
40.54
38.58
39.84

(3.83)
(4.84)
(5.90)
(5.69)
(3.21)
(3.40)
(4.09)
(2.90)
(3.53)
(4.65)
(1.79)
(3.36)
(4.94)
(4.21)
(2.82)
(5.19)
(3.64)
(5.22)
(3.41)
(2.84)
(4.85)
(7.31)
(5.48)
(5.57)
(6.43)
(4.05)

Center 08
52.13
64.99
53.90
62.66
41.93
56.52
54.60
66.05
52.81
64.61
53.05
61.96
40.83
58.51
42.61
62.52
48.81
56.41
39.81
55.28
57.98
57.64
61.84
48.41
57.96
46.50

(2.84)
(1.98)
(3.86)
(4.90)
(2.66)
(3.04)
(2.97)
(2.15)
(2.80)
(3.14)
(1.68)
(5.54)
(3.97)
(5.44)
(4.50)
(4.60)
(3.95)
(3.57)
(2.29)
(3.46)
(4.21)
(2.56)
(3.54)
(3.68)
(4.47)
(2.14)

Anterior 258
48.02
67.58
56.82
62.47
49.35
66.71
41.56
63.74
46.71
64.92
50.95
63.96
40.50
67.06
46.69
68.19
48.71
56.46
38.60
59.37
58.87
53.75
65.50
50.52
64.56
50.61

(3.72)
(3.96)
(5.24)
(6.22)
(2.90)
(3.07)
(3.53)
(3.43)
(3.67)
(3.81)
(2.95)
(3.70)
(3.78)
(4.17)
(4.97)
(5.28)
(3.53)
(2.86)
(2.09)
(3.30)
(4.61)
(3.77)
(3.96)
(5.57)
(4.95)
(3.49)

Comparison of Tongue Velocity in Patients before
and after Glossectomy Surgery, and in the Normal
Speakers. The tongue velocities of the normal
speakers, the patients with local closure, and the
patients with free ﬂaps were compared for the preoperative and postoperative examinations. For
each session, a 3 3 3 mixed ANOVA was used. The
factor tongue segment (posterior, center, and blade)
was the within-subjects factor and the factor participant’s condition (the patients with local closure
reconstruction [‘‘local’’] the patients with free ﬂap
reconstruction [‘‘ﬂap’’] and the normal speakers
[normal]) was the between-subjects factor.
The analysis revealed a signiﬁcant main effect
of tongue segment for the preoperative session:
F(2, 26) 5 6.589, p <.01; as well as for the postoperative session: F(2, 26) 5 17.561, p <.001. The
between-group analysis across the 3 conditions
indicated a signiﬁcant main effect of the participants’ condition before: F(2, 13) 5 6.811, p <.01
and after the glossectomy surgery: F(2,13) 5
4.596, p <.04. There was no signiﬁcant interaction
between the factors tongue segment and condition
before: F(4, 26) 5 3.126, p 5 .073 and after the
surgery: F(4, 26) 5 1.441, p 5 .249. Multiple Bonferroni comparisons were conducted to further
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Table 2. The average velocity of tongue movement in patients with tongue cancer before and after glossectomy,
and in normal speakers.
Velocity, mean (SD), m/s
Subject number
1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10
11
12
13
14
15
16

Condition
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Preglossectomy
Postglossectomy
Normal speaker
Normal speaker
Normal speaker
Normal speaker
Normal speaker
Normal speaker

Reconstruction
Local closure
Local closure
Local closure
Local closure
Local closure
Free ﬂap
Free ﬂap
Free ﬂap
Free ﬂap
Free ﬂap

investigate the signiﬁcant main effects. The multiple comparisons for the preoperative session
showed signiﬁcant differences between the tongue
velocity of the patients with local closure and that
of the normal speakers (p <.03), and between the
tongue velocity of patients with free ﬂaps and that
of the normal speakers (p <.03). Thus, the lingual

FIGURE 5. Line graph of the average movement velocities (in
meters per second) at different points of the midsagittal tongue
surface in patients with tongue cancer before and after glossectomy, and in normal speakers.
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Posterior 258
0.03566
0.06292
0.03359
0.05604
0.02694
0.06202
0.04147
0.05235
0.03283
0.06334
0.02822
0.05956
0.03502
0.06154
0.02329
0.06417
0.03305
0.06401
0.03727
0.04284
0.04529
0.08647
0.04105
0.04744
0.07204
0.03523

(0.06)
(0.05)
(0.06)
(0.04)
(0.03)
(0.01)
(0.02)
(0.04)
(0.03)
(0.02)
(0.05)
(0.01)
(0.02)
(0.06)
(0.04)
(0.04)
(0.04)
(0.01)
(0.07)
(0.05)
(0.02)
(0.05)
(0.03)
(0.02)
(0.01)
(0.01)

Center 08
0.02111
0.04105
0.02806
0.05478
0.02025
0.06554
0.03135
0.04269
0.02819
0.03874
0.02699
0.04723
0.03573
0.04565
0.03201
0.05195
0.03059
0.03922
0.02854
0.04993
0.03809
0.02280
0.03362
0.02832
0.03571
0.01834

(0.02)
(0.03)
(0.06)
(0.07)
(0.05)
(0.03)
(0.02)
(0.07)
(0.04)
(0.05)
(0.02)
(0.06)
(0.01)
(0.02)
(0.04)
(0.03)
(0.04)
(0.03)
(0.06)
(0.01)
(0.05)
(0.01)
(0.03)
(0.02)
(0.05)
(0.03)

Anterior 258
0.03012
0.04256
0.03228
0.04792
0.03697
0.04271
0.02731
0.04172
0.03798
0.03684
0.03589
0.04042
0.02718
0.04195
0.03423
0.03988
0.03004
0.03947
0.02853
0.03274
0.04085
0.03131
0.03608
0.04203
0.03924
0.03096

(0.02)
(0.02)
(0.05)
(0.03)
(0.01)
(0.06)
(0.02)
(0.01)
(0.04)
(0.06)
(0.02)
(0.05)
(0.05)
(0.01)
(0.03)
(0.01)
(0.01)
(0.01)
(0.03)
(0.04)
(0.02)
(0.01)
(0.06)
(0.02)
(0.03)
(0.04)

velocity of all the patients before glossectomy was
signiﬁcantly lower than that of the normal speakers. In order to identify which tongue segments
the patients before glossectomy moved more
slowly than the normal speakers, a series of additional t tests was conducted. The t tests indicated
a signiﬁcant mean difference between normalcenter and local-center: t(4) 5 5.205, p <.007; and
marginally signiﬁcant mean differences between
normal-posterior and local-posterior: t(4) 5
2.689, p 5 .055, and between normal-posterior
and ﬂap-posterior: t(4) 5 2.768, p 5 .051. No signiﬁcant differences were found between any
other tongue segments across the 3 groups (local,
ﬂap, normal). The patients before glossectomy
moved their posterior tongue more slowly than
the normal speakers.
The multiple Bonferroni comparisons for the
postoperative session indicated a signiﬁcant difference between the tongue velocity of the
patients with local closure and that of the normal
speakers (p <.05) and a marginally signiﬁcant difference between the tongue velocity of the
patients with free ﬂaps and that of the normal
speakers (p 5 .052). Thus, the lingual velocity of
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both groups of patients was signiﬁcantly higher
than that of the normal speakers. In order to identify the tongue segment that the patients after
glossectomy moved faster than the normal speakers, t tests were conducted. The t tests indicated a
signiﬁcant mean difference between normal-center and ﬂap-center: t(4) 5 14.734, p <.001, and a
marginally signiﬁcant difference between normal-center and postcenter: t(4) 5 2.704, p 5 .054.
No signiﬁcant mean differences were found
between the other tongue segments across the 3
groups (local, ﬂap, normal). After the surgery, the
glossectomees moved the center part of their
tongue faster than the normal speakers.

DISCUSSION

A partial glossectomy surgery can signiﬁcantly alter a patient’s tongue shape and movement. As a
result, oral function and speech may be negatively
affected, which in turn may have detrimental
effects on the quality of life.1 It is therefore of paramount importance for head and neck surgeons,
speech-language pathologists, and other involved
medical professions to develop a better understanding of the biomechanical effects of a lingual
resection and reconstruction.
The present study used ultrasound imaging to
capture tongue movement in speech. The ultrasound imaging and the subsequent quantitative
data analysis provided informative results. At the
same time, the imaging method was noninvasive
and reasonably comfortable for the research participants. A notable feature of this research study
is that a phonetically varied reading passage was
used. This is in keeping with a current trend in
speech science research to use more ecologically
valid speech stimuli for kinematics and acoustic
research.26
The main outcome measure of this research
project was the velocity of the midsagittal tongue
movement. The analysis was limited to 3 data
points chosen to represent the tongue movement
at the blade, dorsum, and posterior tongue. The
results indicate that these 3 points sufﬁciently
captured the speed of movement in the different
segments of the tongue.
The comparison between the patients and the
normal speakers demonstrated that the patients’
tongue movement before the operation was slower
than in the normal speakers. While this difference
was statistically signiﬁcant, it is impossible to
decide whether this ﬁnding is clinically relevant
based on the present study. The lower velocity in
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the patients could be interpreted as a protective
mechanism, aimed at minimizing pain or discomfort related to the lingual carcinoma. However, it
is important to keep in mind that 2 comparatively
small groups of speakers with a natural, uncontrolled variety of tongue sizes and shapes were
compared in the present study. The purpose of the
control group was to provide ﬁrst orienting values
about what could be considered ‘‘normal’’ in this
new and largely uncharted ﬁeld of research.
Previous research had postulated that a glossectomy operation would decrease lingual range
and speed of movement.4 Contrary to our expectations, the results indicated that patients with
glossectomy in this study signiﬁcantly increased
the speed of their midsagittal tongue movement
following a lateral resection and reconstruction.
This effect was seen in all patients, whether they
had undergone local closure or ﬂap reconstruction. The velocity of tongue movement increased
signiﬁcantly in all anatomical regions of the
tongue (blade, dorsum, and base). The analysis of
the mean reading time for the passage demonstrated that the increase in velocity was not
related to a faster speaking rate.
This ﬁnding may appear paradoxical at ﬁrst. It
is counterintuitive that a lateral ablation should
lead to an increase in midsagittal movement
speed. However, recent research in patients with
hemiparetic stroke demonstrates that a unilateral
loss in physical function leads to compensatory
motor learning.27 The unaffected side of the body
will compensate for the affected side.28,29 Doyle30
describes the phenomenon of hypertonic compensation after partial laryngectomies, which can
lead to hyperfunctional voice disorders. A recent
imaging study in a group of patients with glossectomy indicated increased activity in the parietal
lobes and the cerebellum that was indicative of
active compensatory adaptation to the structural
defects.31 In the present study, such compensatory
processes may explain the increased speed of
tongue movement. In an attempt to compensate,
the patients were articulating with more effort,
which resulted in higher velocity of movement.
It should be noted that the present study was
limited by a number of factors. The patient group
was relatively small, and the convenience sampling approach did not necessarily produce a representative sample of tumor locations and sizes. The
patients in our study were evaluated relatively
early after the partial tongue resection and reconstruction. None of the patients had undergone radiation treatment, which may cause muscle ﬁbrosis
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as a side effect. As a next step, it will be necessary
to investigate whether the increase in velocity will
persist or whether the velocity will return to preoperative levels over the longer term. It will also be
necessary to investigate the relationship between
lingual velocity and speech outcome measures
such as intelligibility and acceptability.
Despite the limitations of the present study, the
results raise interesting additional questions about
the postoperative management of glossectomy
speakers. The literature in speech-language pathology about glossectomee speech rehabilitation
is remarkably scant and unspeciﬁc. A common recommendation in the literature is to use nonspeech
range of motion exercises, such as sticking the
tongue out, moving it from side to side, etc, to
increase the strength and movement of the glossectomee’s tongue.32,33 These exercises are applied
with the implicit expectation that they will be beneﬁcial for speech.34 However, the research presented here demonstrates that these exercises may
be applied to a system that is already overcompensating and possibly hyperfunctional or hypermetric. The beneﬁcial effect of nonspeech range of
motion exercises may consist of an increase in
awareness of the oral structures rather than a
strengthening effect or improved phonetic accuracy. Further research will have to determine the
most effective treatment strategies for speech
rehabilitation in patients with glossectomy.
CONCLUSION

B-mode ultrasound imaging is a practical and
patient-friendly method of investigating midsagittal tongue movement in patients with tongue
cancer before and after partial glossectomy surgery. The study demonstrated that a partial lateral resection and reconstruction leads to a signiﬁcant increase in midsagittal movement velocity.
This ﬁnding is interpreted as evidence of
increased articulatory effort, resulting from compensatory motor learning.
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COMMENTARY
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The authors have used a novel method to investigate a commonly observed clinical phenomenon,
namely, the recovery of quite functional speech by
most individuals after hemiglossectomy. Previous
studies have documented that intelligibility and
precision correlate with the extent of resection.1
To date, however, an explanation of how patients
regain functional speech has been incomplete.
Rehabilitation is frequently aimed at strengthening or improving the range of motion of the
remaining tongue musculature, but the best
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methodology for doing so has never been thoroughly examined. Using ultrasound of the tongue
during reading tasks, the authors convincingly
demonstrate that tongue function after hemiglossectomy not only approximates the speed of
motion of normal speakers but actually exceeds it.
This ﬁnding, which is quite surprising in itself,
raises questions about the nature of the process
that patients undergo after surgery. The subjects
in the study were measured at a period of only 2
months postoperatively, and therefore, one can
only speculate as to whether we are seeing the
product of motor-relearning and rehabilitation or
the effects of functional reserve for motor speech
tasks.
In the literature, there are similar types of
observations with other populations. For example,
Fred McConnel et al2 found that individuals after
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laryngectomy generated higher base of tongue
pressures during swallowing to compensate for
changes in the postoperative physiology. His ﬁnding explained why so few laryngectomees experience dysphagia and also highlighted the fact that
any weakness of the base of tongue would be so
detrimental to function in this group. Likewise,
we may speculate as to the mechanism of recovery
in the hemiglossectomy population. It is possible
that the subjects in the present study have sufﬁcient functional reserve in the remaining tongue
to enable them to generate speeds that are higher
than normal. Alternatively, we may be seeing the
same phenomenon as a result of a motor-learning/
rehabilitative process. We can also surmise that
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individuals who are not able to generate these
higher speeds will have the poorest speech outcomes. These ﬁndings raise interesting questions
about the process of rehabilitation and the best
means of achieving it and will, no doubt, be a stimulus to further investigations.
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