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A surgical procedure involving transplantation of fetal dopamine cells into the
striatum of persons with advanced Parkinson disease (PD) has recently been
performed in an attempt to alleviate Parkinsonian and drug-dose related symp-
toms (e.g., the “on-off” phenomena). Improvements in limb motor and neurologi-
cal function, as well as less severe and shorter on-off episodes have been
reported following fetal cell transplant (FCT) surgery. Acoustic, electroglotto-
graphic, and perceptual measures were analyzed pre- and post-surgery to
determine if phonatory and articulatory function were affected by this relatively
new form of treatment. In addition, speech and motor exam measures were
compared to determine if similar directional changes across motor systems were
apparent. Findings suggest that FCT surgery did not systematically influence voice
and speech production. Also, it appears that FCT surgery may differentially affect
phonatory, articulatory, and limb motor systems. Findings are discussed relative
to these differential effects.
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Preliminary Voice and Speech
Analysis Following Fetal Dopamine
Transplants in 5 Individuals With
Parkinson Disease

The discovery that Parkinson disease (PD) is caused by a nigrostriatal
dopamine deficiency has led to fairly successful management of
this disease with L-dopa. However, problems, such as drug resis-

tance and drug-dose related fluctuations, occur in some individuals af-
ter prolonged, continuous use (Barbeau, 1974; Marsden & Parkes, 1976).
For this reason, neural transplantation of fetal dopamine tissue in PD
has been pursued. The underlying principle of this procedure is that
neural transplantation may replenish the dopamine deficiency by stimu-
lating a steady and sustained release of this neurotransmitter or its
precursors directly into the brain (Stein & Glasier, 1995).

Initial fetal cell transplantation (FCT) trials in 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine induced Parkinsonian animal models sug-
gested that transplanted dopaminergic neurons can survive and pro-
duce improved motor and neurologic function (Bakay et al., 1987;
Redmond et al., 1986; Sladek et al., 1987). Subsequent clinical trials of
human FCT surgery have proved beneficial for some individuals with
PD. Improved simple and complex movements of the extremities, as mea-
sured by standardized rating scales and timed tests of motor perfor-
mance, have been observed (Freed et al. 1992; Freed et al., 1990; Lindvall
et al., 1989; Widner et al., 1992). Less severe and shorter on-off episodes
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and reduced drug doses are other positive findings that
have been reported following mesencephalic fetal cell
transplantation to the striatum (Freed et al., 1992;
Lindvall et al., 1989), with some improvements lasting
up to 3 years (Lindvall et al., 1994). Physiologic evidence
obtained from positron emission tomography scans tends
to support these behavioral observations. Progressive
increases in 6-L-[18F] fluorodopa uptake have been found
in transplant areas (Freed et al., 1992; Lindvall et al.,
1990; Peschanski et al., 1994; Sawle et al., 1992; Spen-
cer et al., 1992), suggesting restoration of dopamine syn-
thesis or transmission. In addition, examination of neu-
ral tissue from FCT recipients post-mortem shows
grafted dopaminergic neurons do indeed reinnervate the
striatum (Kordower et al., 1995). Although these cumu-
lative findings are encouraging and indicate positive
effects, many questions concerning the underlying
mechanism of change and the long-term and overall ef-
fects of the surgery remain unanswered.

One such question relates to the effect of this sur-
gical procedure on speech and voice production. Numer-
ous studies have shown that both phonatory and ar-
ticulatory disorders are prevalent in PD (Darley,
Aronson, & Brown, 1969; Logemann, Fisher, Boshes, &
Blonsky, 1978). Descriptors associated with the voice
and speech of individuals with PD include hoarseness,
reduced vocal loudness, and pitch variability and im-
precise articulation (Aronson, 1990). The effect of neu-
rosurgical and neuropharmocological treatment on the
voice and speech characteristics of individuals with PD
requires further investigation, but there is evidence to
suggest that these treatments differentially affect voice,
speech, and limb motor systems. Persons who undergo
ablation or electrical stimulation of thalamic nuclei
usually experience amelioration of tremor and rigidity,
but may develop speech symptoms similar to dysarthria
(Cooper, 1961; Petrovici, 1980;). As mentioned, L-dopa
can alleviate symptoms in the limbs, but similar effects
on respiratory and phonatory systems have not been
observed (Daniels, Oates, Phyland, Feiglin, & Hughes,
1996; Larson, Ramig, & Scherer, 1994; Solomon &
Hixon, 1993). Despite these reports of differential ef-
fects, there are neuroanatomical and physiological rea-
sons to believe similar outcomes may occur across pho-
natory, articulatory, and limb motor systems following
FCT surgery.

These reasons are best considered in relation to the
function and structure of the cortical-basal ganglionic
motor circuit. Simply, this circuit originates in premotor,
supplementary, and primary motor cortices. These ar-
eas send output via direct and indirect pathways to the
putamen, internal, and external portions of the globus
pallidus and substantia nigra, which in turn have pro-
jections back to cortical motor areas through specific
thalamic nuclei. Within this circuit, a balanced release

of inhibitory and excitatory neurotransmitters is criti-
cal for normal motor control (Goetz, DeLong, Penn, &
Bakay, 1993). When an imbalance occurs, neuropatholo-
gies such as PD develop, which affect both limb and
speech motor control.

Another feature of this circuit is that different
phases of movement processing are represented in sepa-
rate “parallel” channels that are distributed across sev-
eral neural structures. For example, neural activity re-
lated to movement preparation in the limbs has been
observed not only in cortical motor areas, but also in
the striatum and globus pallidus (Alexander, DeLong,
& Crutcher, 1992). Although it remains unknown if a
similar type of processing for speech production occurs,
it is noteworthy that certain structures within this cir-
cuit, such as the supplementary motor area and tha-
lamic nuclei, have an integral role in speech motor con-
trol. For example, neural activity has been recorded in
the supplementary motor area prior to voluntary speech
movements (Deecke, Kornhuber, Lang, Lang, &
Schreiber, 1985) and speech impairments have been
observed following stimulation of this area (Van Buren
& Fedio, 1976). Finally, a well-defined somatotopic rep-
resentation for the legs, arms, and face has been identi-
fied throughout the cortical-basal ganglionic circuit
(Alexander et al., 1992). Given that the speech mecha-
nism is represented at all neural levels of this circuit,
that structures within this circuit are critically involved
in speech production, and that both speech and limb
movements are affected by the neurotransmitter imbal-
ance, it seems plausible that FCT surgery would affect
the function of all motor systems inherent to this circuit
similarly. In other words, it seems reasonable to assume
that FCT surgery would not selectively influence one
motor system—that is, legs—over another—that is,
face—within this primary motor feedback system.

This idea is consistent with the motor control theory
that suggests limb and speech movements are governed
by the same organizational processes (Kelso, Tuller, &
Harris, 1983). Evidence in support of this theory showed
that when simultaneous cyclical finger movements and
a string of syllables with varying stress patterns were
produced, the finger movements conformed to the stress
pattern. Specifically, longer finger movements accom-
panied the production of stressed syllables and shorter
finger movements accompanied the production of un-
stressed syllables (Kelso & Holt, 1980). It was suggested
that this “coupling” between systems reduces task com-
plexity (degrees of freedom) by establishing predictable
relations across systems so that the system can func-
tion as a total, stable coordinative structure (Kelso et
al., 1983; Kelso & Tuller, 1984). Although the neuroana-
tomical correlates underlying this theory are unknown,
it seems possible that the limb and facial areas within
the cortical-basal ganglionic loop may be involved in
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coordinating interrelated movement patterns across
systems. In light of these considerations, it was hypoth-
esized that FCT would produce similar effects across
phonatory, articulatory, and limb motor systems. Spe-
cifically, improvements across all motor systems were
expected following FCT surgery.

Acoustic measures of phonation and articulation,
as well as electroglottographic (EGG) and perceptual
measures were investigated to determine the effect of
FCT surgery on speech and voice production in 5 indi-
viduals with PD. These measures assess different as-
pects of speech and voice that are frequently impaired
in PD and some of the measures indirectly provide in-
formation about laryngeal and articulatory movements.
A second purpose of this study was to determine if di-
rectional changes in voice and speech paralleled docu-
mented changes for overall movement, gait, and pos-
ture. This question was addressed by comparing results
of voice, speech, and motor exam measures. Clearly,
these findings may be important for the clinical man-
agement of persons with PD as well as provide addi-
tional information on the neuromotor substrates of
speech and voice.

Methods
Participants

Four males and one female were studied. They were
between 46 and 68 years of age at the time of the sur-
gery. Two of the participants (P4 and P5) were part of a
subject pool presented by Freed et al. (1992). Each par-
ticipant received bilateral putamen implants of mes-
encephalic fetal dopamine tissue and no surgical com-
plications were reported (refer to Freed et al., 1992, for
specific surgical procedure). Four participants were di-
agnosed with idiopathic PD and one was diagnosed with
parkinsonism. Years post-disease onset ranged between
9 and 18 years. Pre-surgery speech severity was judged
as mild for 4 of the participants and as mild to moder-
ate for 1 of the participants. Speech severity ratings
were based on individual self-ratings from the NTID
speech intelligibility scale (Johnson, 1975) and listener
perceptual ratings that were performed in the present
study. Participant characteristics are summarized in
Table 1.

Measurements
The measures that were used to assess the influ-

ence of FCT surgery on phonation and articulation in-
cluded the phonatory variables of jitter (JIT), shimmer
(SHIM), semitone standard deviation of the voice fun-
damental frequency (STSD) and EGGW-25, the speech
acoustic variables of vowel duration (VD), glide extent

(GE), voice onset time (VOT) and spirantization (SPIR),
and the listener perceptual variables of speech intelli-
gibility (SI), articulatory precision (AP), and voice qual-
ity (VQ).

Phonatory variables measure phonatory stability
(JIT and SHIM) and laryngeal abductory and adductory
movements (EGGW-25) (Scherer, Vail, & Rockwell, 1993)
during sustained phonation and voice fundamental fre-
quency variability (STSD) in reading, whereas articula-
tory acoustic variables provide information about vocal
tract movement dynamics (VD and GE) and constric-
tion (SPIR) as well as oral-laryngeal coordination (VOT)
(Abramson, 1977; Klatt, 1975). Finally, listener ratings
provide information on perceptual voice and speech char-
acteristics. By comparing these measures before and
after FCT surgery, a wide range of communication out-
put was assessed, including subtle phonatory perturba-
tions, vocal fold and vocal tract movements, and speech
intelligibility in connected speech.

Data Collection
Acoustic and electroglottographic (EGG) recordings

were obtained 3 consecutive days before surgery and at
either 6 and 12 months or 3 and 12 months after sur-
gery. Multiple pre-surgical trials were obtained to ac-
count for variability related to maximum performance
tasks and to the performance of individuals with PD
(Kent, Kent, & Rosenbek, 1987; King, Ramig, Lemke, &
Horii, 1994). Recordings were obtained across drug cycle
fluctuations both pre- and post-surgery. Inspection of
voice and speech measures during “on” and “off” states
did not reveal systematic changes related to drug state.
All pre- and post-surgical voice and speech data were
collected by the same examiner and although the exam-
iner was not blinded to the participants’ surgical sta-
tus, care was taken to provide consistent instructions
and feedback at each recording session.

At each pre- and post-session, six maximum sus-
tained /A/ phonations and the “Rainbow Passage” were
recorded, and at two of the three pre-sessions and all of

Table 1. Participant characteristics.

Participant Age Gender Diagnosis YPO SDR

P1 46 M IPD 12 Mild-Mod.

P2 50 M IPD 9 Mild

P3 68 M IPD 11 Mild

P4* 66 M Park 9 Mild

P5* 64 F IPD 18 Mild

Note: IPD = Idiopathic Parkinson disease; Park = Parkinsonism; YPO =
years post-onset; SDR = speech disorder rating; * = P4 corresponds to
P7 and P5 corresponds to P4 in Freed et al. (1992) study.
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the post-surgery sessions the sentences “Buy Bobby a
puppy” and “The potato stew is in the pot” (Weismer,
1984) were recorded. These speech tasks are often used
to obtain the phonatory and articulatory acoustic mea-
sures of interest.

The maximum sustained /A/ phonations were elic-
ited by having each individual take a deep breath and
say /A/ for as long as he or she could at a comfortable
pitch and loudness level. The “Rainbow Passage”
(Fairbanks, 1960) and sentences (Weismer, 1984) were
read at a comfortable rate and loudness level. The above
protocol was performed for all individuals except P5. For
this person, the EGG signal and sentences (Weismer,
1984) were not recorded; therefore, information about
vocal fold abductory/adductory and vocal tract movement
dynamics is not available.

Each recording occurred in an IAC sound-treated
booth with the participant seated comfortably in a den-
tal chair. Acoustic signals were recorded by a headmount
microphone placed 8 cm away from the participant’s
mouth. EGG signals were obtained by placing and se-
curing the electrodes of a Synchrovoice Research
Electroglottograph on either side of the thyroid carti-
lage. The microphone signal was amplified (ATI-100
preamplifier) and both microphone and EGG signals
were visually monitored on an oscilloscope (Tek-2245A)
and recorded to a Panasonic SV-3700 2-channel DAT
recorder.

Each participant was also evaluated using the Mo-
tor Examination (ME) subscale of the Unified Parkinson
Disease Rating Scale (UPDRS) (Fahn & Elton, 1987).
This evaluation was performed by a neurologist through
an interview process at one of the pre- and all of the
post-surgery sessions. Since these ratings were a com-
ponent of the Freed et al. (1992) study, the experimen-
tal design differed and multiple pre-surgical ratings
were not performed. Also, at the time of the ratings,
the neurologist was not blinded to the participant’s sur-
gical status.

The ME subscale of the UPDRS assesses activities
that include but are not limited to facial expressive-
ness, hand and finger movements, leg agility, body
bradykinesia and hypokinesia, rigidity, action and rest
tremor, and postural and gait control. Fourteen activi-
ties comprise this subscale and each activity is rated
on a scale of 0 to 4, where 0 indicates normalcy and 4
indicates severe impairment. Also, each activity, except
for one, is rated bilaterally. Thus, the best total score
for the ME subscale is 0 (no impairment) and the worst
is 108 (severe impairment). Interrater concordance is
statistically significant for each individual item on the
ME subscale and for all items as a group (0.902) (Fahn
& Elton, 1987).

Data Analysis
Phonatory Measures: Acoustic and
Electroglottographic Analysis

The maximum sustained /A/ phonations were low-
pass filtered at 10 kHz and digitized (sampling rate of
20 kHz) and the measures, jitter, shimmer (with linear
trend removed), and EGGW-25, were obtained. For jit-
ter and shimmer, 2 s segments from the temporal mid-
point of each vowel were analyzed with the computer
software GLIMPES (Glottal Imaging by Processing Ex-
ternal Signals; Titze, 1984). This software uses a mini-
mum peak identification method to differentiate adja-
cent cycles and allows for online verification of valid cycle
demarcation by displaying a cycle-to-cycle overlay for
each segment.

If severe phonatory instability was present, as indi-
cated by aperiodicity, subharmonics, or chaos in the
acoustic waveform, the demarcation process resulted in
erroneous jitter and shimmer values. When this oc-
curred, jitter and shimmer analysis was performed on
the 2 s segment that immediately followed the instabil-
ity. This standard segment selection approach resulted
in pre- and post-surgical means for jitter and shimmer
that were based on three to five segments per individual.

To calculate EGGW-25, in-house software averaged
six consecutive EGG cycles from the temporal midpoint
of each vowel for each pre- and post-surgery token. The
means of four tokens were then averaged for each pre-
and post-surgical session. EGGW-25 is defined as the
width of the EGG signal at 25% of the amplitude of the
wave divided by the period (Scherer et al., 1993). It is
highly correlated with other measures of glottal adduc-
tion, such as the abduction quotient and frame-by-frame
videoendoscopic analysis of vocal process adduction
(Scherer et al., 1993).

The first paragraph of the “Rainbow Passage” was
anti-alias filtered at 2.5 kHz, digitized (sampling rate
of 5 kHz), and analyzed with CSpeech (Milenkovic, 1987)
to obtain semitone standard deviation (STSD) of the
voice fundamental frequency.

Articulatory Measures: Acoustic Analysis
To measure articulatory acoustic variables, sentence

productions of “Buy Bobby a puppy” and “The potato
stew is in the pot” were low-pass filtered (8 kHz), digi-
tized (sampling rate 20 kHz), and simultaneously dis-
played as wide-band spectra (bandwidth = 300 Hz; fre-
quency range of 0–10 kHz) and waveforms using
CSpeech (Milenkovic, 1987).

Vowel duration (VD) and glide extent (GE) were
obtained for the diphthong /aI/ in “Buy.” VD was mea-
sured from the first to last visible glottal pulse in the
first and second formants of the vocalic nucleus. GE was
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defined as the amount of frequency change along the
glide segment of a diphthong (Gay, 1978). Once the vo-
calic nucleus was defined, the midpoints of the second
formant frequency were manually traced and corre-
sponding time-by-frequency values were automatically
calculated and stored in a data file. GE was measured
by inspecting the stored time-by-frequency values and
determining the difference in frequency between glide
onset and offset. Glide onset was identified as the first
point in which the frequency exhibited a consistent in-
crease, whereas glide offset was identified as the point
in time where the frequency of the second formant
showed a consistent decrease or remained unchanged.

GE, instead of transition extent, was used to indi-
rectly measure vocal tract movement dynamics because
acoustic analysis of PD single word and sentence pro-
ductions has revealed multiple instances of “stair-
stepping” transitional trajectories. This means a por-
tion of the trajectory did not meet the 20 Hz/20 ms
criterion of transitional extent (Weismer, Martin, Kent,
& Kent, 1992), but nevertheless continued to show an
increase in frequency (Johnson, 1993; Johnson & Ramig,
1995). GE, therefore, seemed to provide a more accu-
rate indicator of articulatory dynamics for vocalic pro-
ductions in PD.

Spirantization (SPIR), defined as the duration of
aperiodic noise, was measured during two stop gap in-
tervals (Weismer, 1984), between “a” and “puppy” and
“po” and “tato.” A stop gap interval corresponds to the
time between the offset of glottal pulsing in the first
and second formants of the vocalic nucleus and the ar-
ticulatory closure for a stop voiceless consonant, which
is manifested as a stop burst (Weismer, 1984). Cursors
were positioned at the onset (offset of glottal pulsing for
the vocalic nuclei) and offset (onset of the stop burst) of
each stop gap interval. When multiple stop bursts were
observed, the first stop burst was used to define the off-
set of the stop gap interval.

Voice onset time (VOT) was measured in the stressed
position of two words, between “p_uppy” and “pot_ato.”
Cursors were positioned at the onset of the stop burst
and at the onset of glottal pulsing in the first and sec-
ond formants of the subsequent vowel. Again, the onset
of the first stop burst defined the beginning of VOT when
multiple stop bursts were present. The means for ar-
ticulatory acoustic measures were based on four pro-
ductions of the word “Buy” and “puppy” and three pro-
ductions of the word “potato” for each data collection
session.

Listener Perceptual Ratings
Listener perceptual ratings were made in an IAC

sound-treated booth by two speech-language patholo-
gists with 5–7 years of clinical experience. The listeners

were aware of participants’ neurological diagnosis, but
were blind to their surgical status. A master tape re-
cording of randomized pre- and post-surgery productions
of the “Rainbow Passage” was played from a Panasonic
SV-3700 2-channel DAT recorder over a loudspeaker. The
listeners remained a constant distance from the loud-
speaker and did not adjust loudness levels during the
rating session. The average signal presentation level was
65 dB SPL (SD = 3.4) at 50 cm.

The speech samples were rated for overall speech
intelligibility, articulatory precision, and voice quality
using computerized visual analog rating scales
(Kempster, 1984; Kreiman, Gerratt, Kempster, Ehrmann,
& Berke, 1993). Each perceptual attribute was repre-
sented by an undifferentiated vertical line that was 100
mm in length. The end points of each line were labeled
to indicate the extreme of the perceptual attribute, for
example, normal voice quality to severely disordered
voice quality. For each passage, three lines, one for each
perceptual variable, were displayed simultaneously and
the listeners placed a mark on each line with a mouse-
controlled cursor that represented the extent to which
they perceived the perceptual characteristic to be present
(Kreiman et al., 1993). The mark on the perceptual scale
was automatically converted to a numerical value and
stored to a data file for subsequent pre- to post-surgery
comparisons.

Measurement Reliability
To evaluate reliability for articulatory acoustic tem-

poral measures and listener perceptual ratings, the av-
erage absolute difference within and between raters was
calculated. Reliability findings are displayed in Table 2.
Intra- and interrater differences for 10% of the articula-
tory acoustic temporal measures were between 4–8 ms.
The average absolute differences for intrarater listener
perceptual ratings were between 1–13 mm. Interrater
differences for the listener perceptual ratings were be-
tween 13–27 mm. Because intra- and interrater
reliabilities were low for the listener perceptual rating
of voice quality (see Table 2), this variable was excluded
from further analysis. Reliability for phonatory acous-
tic and EGG measures was not performed because stan-
dard segmentation (Ramig & Dromey, 1996; Ramig,
Scherer, Klasner, Titze, & Horii, 1990; Ramig, Scherer,
Titze, & Ringel, 1988) and automated analysis proce-
dures (Titze, 1984) were used to obtain these measures.

Statistical Design
To determine if differences existed in the voice and

speech measures as a function of FCT surgery, compari-
sons of each individual’s pre- to post-surgical means were
made. Comparison of this statistic was considered most
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appropriate to describe potential changes because of the
small and heterogeneous subject sample and the irre-
versible nature of the surgical procedure (Kratochwill
& Levin, 1992). Differences in pre- to post-surgery means
were considered remarkable only if the post-surgical
mean exceeded the pre-surgical mean by ±1 standard
deviation (SD). Although this criterion was arbitrarily
chosen, it seemed acceptable for the following reasons.
First, ±1 SD defines a meaningful amount of difference
and is comparable to the statistical measurement of a
large effect size (Cohen, 1988). Second, ±1 SD defines
the normal variability that is observed in normal aged
subjects for some of the phonatory and articulatory
acoustic measures that were investigated (Ramig &
Ringel, 1983; Weismer, 1984).

Standard deviations were calculated for each mea-
sure, except the ME score, from all pre-surgical obser-
vations. A SD could not be calculated for the ME mea-
sure because only one score was obtained pre-surgery
(see Methods). Therefore, only consistent directional
changes that occurred as a function of the surgery were
considered remarkable for this measure. When review-
ing the results, it is important to realize that for some
measures, negative directional changes signify improved
function. Specifically, a decrease rather than an increase
in jitter, shimmer, spirantization, voice onset time, and
the motor exam score indicate improved function.

Results
Phonatory Measures

Phonatory stability measures were variable pre-to
post-surgery and showed only two notable changes. One
was a decrease in P5’s jitter (Figure 1a) by 2.5 SDs at 6
months post-surgery and by 1.5 SDs at 12 months post-
surgery. The second was a decrease in P2’s shimmer

(Figure 1b) at 6 months post-surgery by 2 SDs. EGGW-
25 values (Figure 1c) were not remarkably different be-
tween the pre- and post-surgery sessions for any of the
participants and fell within a range of .43–.75. STSD
(Figure 1d) decreased from pre- to both post-surgery
sessions for P2 and P3. It increased slightly at 3 months
post for P4, then returned to baseline levels at 12 months
post-surgery.

Articulatory Acoustic Measures
Notable changes in /aI/ duration (Figure 2a) were

observed for P1 and P4. P1’s vowel duration increased
at 6-months post-surgery by 1 SD and at 12-months post-
surgery by 2 SDs, whereas P4’s durations were bidirec-
tional, decreasing by 1.5 SDs at 6 months, then increas-
ing by 6.5 SDs 12 months after FCT surgery. The slight
pre- to post-surgery changes observed in glide extent
(Figure 2b) across participants were unremarkable, with
the exception of P4’s values. Glide extent values for P4
decreased by 1.5 SDs at 6 months, then increased by
slightly more than 1 SD at 12 months post-surgery.

Figures 3a and 3b show the results for spirantization
of word initial /p/ (“a_puppy”) and word medial /t/
(“po_tato”). Spirantization of /p/ tended to increase pre-
to post-surgery for all participants. This increase was
most notable for P3 and P4 at the 12-month post-sur-
gery session. Although there was a tendency for
spirantization of /t/ values to increase, with the excep-
tion of P2’s values, which decreased pre- to post-surgery,
there was only one remarkable change. This was for P1
whose values for spirantization of /t/ increased by ap-
proximately 3 SDs from the pre- to 12-month post-sur-
gical session. Directional changes for VOT of /p/ (Figure
3c) and /t/ (Figure 3d) were observed for some partici-
pants. However, none of the pre- to post-surgery changes
for VOT exceeded ±1 SD.

Table 2. Average absolute differences for measurement reliability.

Articulatory acoustic measures Listener perceptual ratings

VD (ms) VOT (ms) SPIR (ms) AP (mm) SI (mm) VQ (mm)
(range) (range) (range) (range) (range) (range)

Intrarater 8 ms 6 ms 4 ms Intrarater1 4 mm 3 mm 13 mm
(1–12) (0–13) (0–14) (1–7) (2–6) (0–23)

Interrater 7 5 4 Intrarater2 2 1 6
(0–12) (0–16) (0–14) (1–3) (0–3) (1–18)

Interrater 13 15 27
(7–30) (0–28) (0–43)

Note: VD = vowel duration; VOT = voice onset time (average for both word positions); SPIR = spirantization
(average for both stop gap intervals); AP = articulatory precision; SI = speech intelligibility; VQ = voice quality.
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Figure 1. Results for the phonatory variables of (a)jitter, (b) shimmer, (c) EGGW-25, and (d) semitone standard deviation, for each partici-
pant and pre- and post- FCT surgery recording date. The solid vertical line divides the pre- and post-surgery data points. Post1 for P1, P2,
P3, and P5 is 6 months after surgery; post1 for P4 is 3 months after surgery. Post2 is 12 months following FCT surgery for all participants.

Figure 2. Results for the speech acoustic variables of (a) vowel duration and (b) glide extent for each participant and pre- and post-surgery
recording session. The solid vertical line divides the pre- and post-surgery data points. Post1 for P1, P2, P3, and P5 is 6 months after
surgery; post1 for P4 is 3 months after surgery. Post2 is 12 months following FCT surgery for all participants.

Listener Perceptual Ratings
Since interrater reliability was good for speech in-

telligibility and articulatory precision, perceptual rat-
ings from both listeners were combined and the pre- to
post-averages were compared. Pre-surgery listener rat-
ings for these two perceptual variables were not remark-
ably different from ratings after FCT-surgery. Findings

for these variables were also similar in that the major-
ity of the ratings occurred at the upper end of the visual
analog scale, indicating minimal impairment of speech
intelligibility and articulatory precision. Since the re-
sults for these two listener perceptual variables were
comparable, only findings for speech intelligibility are
displayed in Figure 4a.
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Figure 4. Results for the (a) listener perceptual ratings of speech intelligibility and for the (b) neurologist’s rating of the motor exam subscale
of the United Parkinson Disease Rating Scale for each participant and pre- and post-surgery recording session. The solid vertical line divides
the pre- and post-surgery data points. Post1 for P1, P2, P3, and P5 is 6 months after surgery; post1 for P4 is 3 months after surgery. Post2 is
12 months following FCT surgery for all participants.

Figure 3. Results for (a) spirantization of word initial /p/ (“a_puppy”), (b) spirantization of word medial /t/ (“po_tato”), (c) voice onset time
of word initial /p/, and (d) word medial /t/, for each participant and pre- and post-surgery recording date. The solid vertical line divides
the pre- and post-surgery data points. Post1 for P1, P2, P3, and P5 is 6 months after surgery; post1 for P4 is 3 months after surgery. Post2 is
12 months following FCT surgery for all participants.

Motor Exam Ratings
Motor exam scores (Figure 4b) showed a marked de-

crease from pre- to both post-surgical sessions. This di-
rectional change toward more normal gait and limb agil-
ity was apparent for all individuals (Freed et al., 1992).

Summary of Findings
A summary of pre- to post-surgical findings for each

participant and measure is shown in Table 3. To sim-
plify interpretation of the summary, directional changes
that indicate an improvement are shown by a plus sign,
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whereas directional changes that signify a decline in
function are shown by a minus sign. This classification
is independent of directional changes in the raw data.
For example, jitter decreased for P5 at both post-surgi-
cal sessions. These decreases are represented by plus
signs because a decrease in jitter signifies improvement.

Discussion
The purposes of this preliminary study were to deter-

mine if FCT surgery influenced speech and voice produc-
tion and if these motor systems were influenced similarly
to overall movement, gait, and posture. Although ME
scores indicated FCT surgery did improve overall motor
performance, findings for voice and speech measures in-
dicated that FCT surgery did not systematically influence
phonation or articulation in these 5 individuals.

No changes or only slight changes were observed
in measures reflective of phonatory stability. EGGW-
25 data suggested laryngeal adduction remained rela-
tively constant independent of the surgical procedure.
Fundamental frequency variability, as measured by
STSD, improved, became worse, or stayed the same
after FCT surgery. Because of this inconsistency, it is
difficult to say if possible control parameters of voice
fundamental frequency variability, such as laryngeal
muscle or respiratory related activity, were affected by
the surgical procedure.

Similar inconsistencies were observed pre- to post-
surgery for the speech acoustic measures of VD and GE,
again making it difficult to determine if improvements
in vocal tract range of movement (Gay, 1978; Weismer
et al., 1992) occurred as a result of the surgical treat-
ment. Spirantization values for /p/ and in some instances

for /t/ tended to increase following FCT surgery, suggest-
ing there was increased supraglottal “leaking” in the
“silent” vowel-to-consonant interval. However, the mag-
nitude of these changes rarely exceeded the range asso-
ciated with normal variability (Weismer, 1984). The
changes observed in VOT may also be attributed to nor-
mal variability and suggest that efficiency of oral-laryn-
geal coordination and voice rise time were not influenced
by FCT surgery. In general, phonatory and articulatory
measures were variable and did not show consistent,
remarkable changes across individuals pre- to post-FCT
surgery.

It is possible that direct physiologic measures, such
as laryngeal electromyography, may have detected
changes. This seems unlikely though, given that the
measures investigated here assessed a range of speech
behaviors, from subtle cycle-to-cycle phonatory pertur-
bations to perceptual characteristics of speech produc-
tion, and consistent changes were not observed as a func-
tion of the surgery. Another explanation for these
findings may be related to the severity of speech and
voice involvement exhibited by these individuals pre-
surgery. Their speech was only mildly or mild-to-mod-
erately impaired. Notable differences in speech and voice
measures may be observed as a function of FCT surgery
if the PD participants that are studied demonstrate more
severe speech impairments.

The most consistent finding was that all individu-
als showed improved ME scores from pre- to 3, 6, and
12 months post-surgery. Although direct comparisons
in the ME score and voice and speech measures are not
possible because of the difference in the resolution of
the measures, that is, gross, behavioral (ME score) ver-
sus fine, quantitative (VOT, SPIR) measures, it is re-
markable that positive changes in the ME score were

Table 3. Summary of directional changes for voice, speech, and motor exam measures pre- to post-FCT surgery.

P1 P2 P3 P4 P5

6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 3 mo 12 mo 6 mo 12 mo

JIT 0 0 0 0 0 0 0 0 + +
SHIM 0 0 + 0 0 0 0 0 0 0
EGGW-25 0 0 0 0 0 0 0 0 NA NA
STSD 0 0 – – – – + 0 0 0
VD + + 0 0 0 0 – + NA NA
GE 0 0 0 0 0 0 – + NA NA
SPIR /p/t/ 0 / 0 0 / – 0 / 0 0 / 0 0 / 0 – / 0 0 / 0 – / 0 NA NA
VOT /p/t/ 0 / 0 0 / 0 0 / 0 0 / 0 0 / 0 0 / 0 0 / 0 0 / 0 NA NA
SI 0 0 0 0 0 0 0 0 0 0
ME + + + + + + + + + +

Note: + = improvement; – = decline; 0 = no change; NA = data not available. JIT = jitter; SHIM = shimmer; STSD = semitone standard deviation; VD
= vowel duration; GE = glide extent; SPIR /p/t/ = spirantization for word initial /p/ and medial /t/; VOT /p/t/ = voice onset time for word initial
/p/ and medial /t/; SI = listener perceptual ratings of speech intelligibility; ME = motor exam score from United Parkinson Disease Rating Scale.

Downloaded From: https://jslhr.pubs.asha.org/pdfaccess.ashx?url=/data/journals/jslhr/929305/ on 10/19/2018
Terms of Use: https://pubs.asha.org/ss/rights_and_permissions.aspx



624 JSLHR, Volume 40, 615–626, June 1997

Journal of Speech, Language, and Hearing Research

consistently observed following surgery and that simi-
lar trends were not apparent for any of the voice or
speech measures. Even the listener perceptual ratings,
which are probably most comparable to the ME score,
in that both are qualitative, did not reveal discernible
pre- to post-surgical differences.

It is possible that the ME findings were influenced
by examiner bias. However, marked improvements in
quantitative motor performance tests, such as arm move-
ment velocities, and scores of standardized clinical tests,
such as the UPDRS, have been observed by other inves-
tigators after FCT surgery (Lindvall et al., 1990; Widner
et al., 1992). Given that the present findings are consis-
tent with previously reported results, it seems likely that
the motoric changes reported here occurred as a result
of the surgical procedure rather than examiner bias.

Differences related to neural innervation, organi-
zation, and origin between limb and speech motor sys-
tems exist. Corticospinal fibers provide primarily uni-
lateral innervation to spinal nuclei for limb movements,
whereas corticobulbar fibers provide bilateral innerva-
tion to cranial nuclei for laryngeal and supralaryngeal
movements. Limb skeletal muscles tend toward an ago-
nist-antagonist organization, whereby efficient, coordi-
nated movements are accomplished via reciprocal inhi-
bition (Kandel & Schwartz, 1985). Such well-defined
agonist-antagonist muscle relations are not as appar-
ent in the speech mechanism. For example, orofacial
muscles may act as synergists or antagonists depend-
ing on the desired movement (Dubner, Sessle, & Story,
1978). Also, coactivation rather than reciprocal muscle
activation has been observed during normal speech pro-
duction (Moore, Smith, & Ringel, 1988). Differences such
as these may explain why FCT surgery seems to have a
greater effect on limb versus speech motor symptoms.

Another notable difference between limb and speech
systems relates to movement complexity. It has been
shown that as limb movement complexity increases,
movement control decreases in persons with PD
(Phillips, Muller, & Stelmach, 1989; Stelmach, 1991). It
may be that the physiologic changes associated with FCT
surgery are sufficient to modify the dynamics of simple
limb movements, but insufficient to modify complex
movements associated with speech production.

Finally, the differential effect may be related to vol-
untary effort. After FCT surgery, participants may de-
vote more effort toward modifying their most disabling
feature, that is, gross motor movements. This increased
effort combined with potential neurochemical changes
in the brain may explain the obvious changes that oc-
curred post-surgery in overall motor performance. Since
speech was only slightly impaired before surgery, it may
be that only minimal effort was directed toward improv-
ing speech clarity. Thus, the differential effects observed

across neuromotor systems after FCT surgery may be
the result of physiologic or behavioral factors or a com-
bination of the two.

Although these preliminary data do not indicate that
FCT surgery influenced speech production in these in-
dividuals, further investigations are warranted. First,
FCT techniques are continually developing and factors
such as the best age, placement, and volume of fetal tis-
sue have yet to be determined. Second, continued inves-
tigations that use direct physiologic measures and study
larger sample sizes as well as individuals with compa-
rable speech and limb impairments may provide addi-
tional information about the effect of FCT surgery on
voice and speech function. Finally, studies of this na-
ture may help clarify the role of neurotransmitters in
speech production as well as answer the question of why
differential motor effects are observed as a function of
treatment type in Parkinson disease.
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