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Summary: Objectives. Patients with unilateral vocal fold paralysis (UVFP) caused by nerve injury manifest with
voice changes. This study investigated vocal performance measured by voice range profile (VRP) in patients with UVFP
and changes in VRP in response to intracordal hyaluronate injection.
Methods. Eighty-five patients with UVFP were enrolled prospectively, among whom 68 received intracordal hyal-
uronate injections. The outcome measurements included VRP, acoustic and aerodynamic analyses, peak turn frequency
of thyroarytenoid-lateral cricoarytenoid muscle complex (TA-LCA) measured by laryngeal electromyography, and nor-
malized glottal gap area by videolaryngostroboscopy.
Results. The peak turn frequency of the paralyzed TA-LCA showed a modest correlation with max fundamental fre-
quency (F0) and F0 range. Closed-phase normalized glottal gap area showed modest negative correlations with max
F0 and F0 semitone range. Regarding conventional acoustic and aerodynamic analyses, the paralyzed TA-LCA peak
turn frequency was only correlated with maximal phonation time. Intracordal hyaluronate injection improved VRP per-
formance by increasing max F0, decreasing min F0, increasing F0 range, and increasing semitone range (all P < 0.01)
with small or medium strength of effect size (Cohen d, 0.39–0.76).
Conclusions. Change in voice pitch in patients with UVFP can partly predict impairment of neuromuscular func-
tions and glottal gap. VRP provides a more sensitive reflection of the severity of neuromuscular impairment, compared
with conventional voice analysis. The validity of VRP is further supported by a robust response to voice improve-
ments following injection laryngoplasty.
Key Words: Unilateral vocal fold paralysis–Voice range profile–Phonetogram–Laryngeal electromyography–Hyaluronate
injection laryngoplasty.

INTRODUCTION

Unilateral vocal fold paralysis (UVFP) usually interferes with
voice production, affecting the patient’s quality of life. Dys-
phonia caused by UVFP manifests with breathiness, diplophonia,
and hypofunction,1 although these voice changes are highly vari-
able across patients. Voice production is considered to be a
multidimensional phenomenon, and UVFP-related voice changes
thus need to be measured using a variety of tools to reflect the
unique dimensions of the voice.2 Restricted pitch and loudness
ranges may affect an individual’s emotional expression in speech,
given that reduced pitch variation is usually perceived to indi-
cate a sad or neutral response, whereas wider pitch variation
conveys frightened, angry, or happy responses.3 The inability of

the speaker to control their speech frequency and intensity ad-
equately may therefore lead listeners to misjudge the conveyed
message, and changes in pitch and loudness ranges as a result
of UVFP-specific voice dysfunction may impair patients’ com-
munication performances in psychosocial domains. However,
clinical evaluation of the dynamics of pitch and loudness is still
lacking.

A voice range profile (VRP), also referred to as a phonetogram,
voice range, or voice area, measures the voice’s dynamic fre-
quency range.4 The features, shape, area, and dynamic range of
the VRP can detect the presence of dysphonia5 and reflect the
effects of voice training.6 Specifically, patients with vocal fold
pathologies demonstrate limited VRP compared with healthy
counterparts,4,7,8 and the voice range has been shown to be altered
in a variety of vocal fold pathologies,4,7,8 including being de-
creased in patients with UVFP4 (Figure 1). It is therefore important
to describe the VRP characteristics of Mandarin speakers with
UVFP.

Conventional laboratory voice assessment is commonly applied
clinically, and it remains unclear if VRP could provide addi-
tional useful information for diagnostic and monitoring purposes.
In conventional laboratory voice assessment, patients are usually
asked to produce a sustained vowel at conversational pitch and
loudness, and their voice is analyzed acoustically, yielding in-
formation on fundamental frequency (F0), jitter (frequency
perturbation), shimmer (perturbation of amplitude), and harmonic-
to-noise (H/N) ratio. These parameters have been shown to reveal
voice impairments in patients with vocal fold pathologies.9–12 In
addition, laboratory voice assessment usually includes simple
aerodynamic analyses, such as maximal phonation time (MPT)
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and S/Z ratio, to evaluate the aerodynamic aspect of phonatory
function.12,13 In addition to these commonly used conventional
acoustic and aerodynamic analyses, it remains unclear what
aspects of impaired phonatory mechanisms in UVFP may be de-
tected by VRP.

In this study, we investigated the relationships among VRP
parameters, glottal gap measured by videolaryngostroboscopy,
and neuromuscular control measured by quantitative laryngeal
electromyography (LEMG) to characterize the pathophysiologi-
cal changes underlying the limitation of voice frequency range
in UVFP. We hypothesized that VRP ranges would be de-
creased in patients with UVFP and that limitations in VRP ranges
may predict the severity of neuromuscular control. We also moni-
tored VRP changes among patients following injection
laryngoplasty.

MATERIALS AND METHODS
Patients

This prospective cohort study was approved by the Human Studies
Research Committee of Chang Gung Medical Foundation. Written
informed consent was obtained from each participant prior to
recruitment. Patients with acute UVFP (<6 months since onset)
diagnosed by videolaryngostroboscopy and confirmed by LEMG
were recruited. The inclusion criteria were adult patients over
18 years old with unilateral immobile vocal fold and neuro-
pathic signs in the thyroarytenoid-lateral cricoarytenoid (TA-
LCA) muscle complex by LEMG. The LEMG criteria of
neuropathy were defined as the existence of spontaneous ac-
tivities (such as fibrillation, positive sharp wave, and complex
repetitive discharge), >30% polyphasia, or decreased interfer-
ence pattern (reduced, discrete, or no interference pattern).
Exclusion criteria were a history of prior vocal fold palsy, a history
of vocal fold surgery, a history of intracordal injections, inabil-
ity to cooperate with evaluations, or a lack of evidence of
denervation changes in the thyroarytenoid muscle in the in-
volved side. Some of the recruited patients underwent office-
based intracordal hyaluronate (Restylane, Q-Med AB, Uppsala,

Sweden) injection through the cricothyroid membrane after the
initial assessment, as described previously.14,15

All patients underwent quantitative LEMG,
videolaryngostroboscopy, VRP, and laboratory voice analysis
within a 2-week period. Patients who received intracordal hy-
aluronate injections also underwent a follow-up VRP assessment
1 month after the injection.

Voice acoustic and aerodynamic analyses

Voice samples were recorded by a certified speech pathologist
using a computerized speech laboratory system (CSL4500B 5.05,
Kay-PENTAX, Montvale, NJ, USA) through a unidirectional,
dynamic microphone (model SM48, Shure, Evanston, IL, USA).
The distance from the microphone to the subject’s mouth was
5 cm.

For conventional acoustic voice analysis, the patients were
asked to produce a sustained vowel /a/ at conversational pitch
and loudness. A stable segment from the mid portion of the voice
sample (repeated three times and the best trial was picked for
analysis) was used for subsequent acoustic analysis to calcu-
late F0, jitter, shimmer, and H/N ratio. Aerodynamic analysis
consisted of measuring MPT and S/Z ratio. MPT represented
the maximum duration that the patients could sustain an /a/.
Finally, the patients were asked to produce a sustaining /s/ and
/z/, respectively, for as long as possible, and the S/Z ratio was
computed as the ratio of the /s/ and /z/ durations.

VRP

The protocol for VRP measurements has been reported
previously.16 Tone stimulus was initiated at F0 at 261.6 Hz (C4).
The patients were asked to project the sustained vowel /a/ for
each semitone along the musical scale, from the patients’ highest
to the lowest achievable pitch. The patients were asked to phonate
at the target F0 using a sustained vowel /a/ for each tone stim-
ulus ranging from the lowest to the highest achievable loudness,
beginning at a comfortable voice intensity level and increasing
to the patient’s maximum level at the target F0. The patients were

FIGURE 1. Voice range profiles (VRPs) obtained from a healthy subject (A) and a patient with UVFP (B). F0 range and intensity range were
limited in the patient with UVFP compared with the normal subject.
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