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Purpose: The purpose of this article was to investigate
the relationship between low level of vitamin D, phonatory
symptoms, and acoustic findings.
Method: A total of 38 subjects presenting to the endocrinology
clinicwere enrolled in 2 groups: 19 with vitamin D deficiency
who were not on treatment, and 19 with normal vitamin D
level who were on treatment. Demographic data included
age, gender, and history of smoking. All patients were
asked about the presence or absence of dysphonia,
degree of phonatory effort, and vocal fatigue. Acoustic
analysis and perceptual evaluation using the grade,
roughness, breathiness, asthenia, and strain scale were
performed on all subjects.
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Results: The mean age of the total group was 47.29 ±
13.52 years. The difference in the mean and frequency
of phonatory effort, vocal fatigue, and dysphonia, and in
the mean of the acoustic variables, perceptual parameters,
and the score of the Voice Handicap Index-10 was not
statistically significant between patients with low vitamin D
levels compared with controls.
Conclusion: The results of this study revealed no significant
difference in the prevalence of phonatory symptoms in
patients with vitamin D deficiency compared with patients
with no vitamin D deficiency. A larger study is needed to
substantiate the difference in the prevalence of phonatory
systems between the 2 groups.
Vitamin D deficiency, also known as hypovitamino-
sis D, is an endemic throughout the world. It is es-
timated that one billion people of different ethnic

and age groups have a low vitamin D level (Holick, 2006;
Holick & Chen, 2008). This clinical condition has been re-
lated to numerous factors among which are sun exposure,
dietary intake, and population characteristics (Bischoff-
Ferrari, Stähelin, & Walter, 2011; Holick, 2006).

There has been growing data suggesting that high
vitamin D level is advantageous for health whereas low
levels carry significant risks to numerous medical condi-
tions especially in the elderly (Dahifar, Farji, Ghorbani, &
Yassobi, 2006; Hashemipour et al., 2004). Hypovitamino-
sis D has been considered to be a main contributing factor
to bone diseases among which are rickets, osteomalacia,
and osteoporosis (Holick, 2007; C. J. Rosen, 2011). It has
also been linked to myopathy and to a decrease in level of
activity in affected subjects. Numerous studies highlighted
the strong correlation between the degree of vitamin D
deficiency and muscle function and strength (Bischoff-
Ferrari, 2012; Gschwind, Bischoff-Ferrari, Bridenbaugh,
Härdi, & Kressig, 2014). A high prevalence of vitamin D
deficiency in subjects with nonspecific muscle and articu-
lar pain often attributed to inflammatory arthritis or auto-
immune diseases has also been reported (Helliwell, Ibrahim,
Karim, Sokoll, & Johnson, 2006; Plotnikoff & Quigley,
2003). In a cross-sectional and longitudinal study investigat-
ing the association between level of vitamin D and physi-
cal performance, subjects with hypovitaminosis had a poorer
performance and a greater decline in physical activity with
age, a finding that alluded to the need for early replacement
and intervention (Wicherts et al., 2007). Similarly in another
cross-sectional study, low level of vitamin D has been asso-
ciated with poor functional performance and cognitive decline
(Gschwind et al., 2014). The decrease in performance has
been linked to abnormalities in muscle tissue and a decrease
in vitamin D receptors (VDRs). The molecular mechanism of
vitamin D effect on muscle function has been thoroughly re-
ported by Bartoszewska, Kamboj, and Patel (2010). It is be-
lieved to occur through dual actions, one genomic mediated
by the nuclear VDRs and one nongenomic via membranous
VDRs (Birge & Haddad, 1975; Curry, Basten, Francis, &
Smith, 1974). Given the discovery of the aforementioned re-
ceptors in addition to the genomic and nongenomic roles of
vitamin D in muscle function, the association between muscle
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weakness and vitamin D deficiency was further investigated
by many authors confirming that vitamin D deficiency can
cause muscle weakness, hypotonia, myalgia, myopathy, and
decreased muscle endurance. These changes in muscle function
have been attributed to fatty infiltration, atrophy of type II
fibers, increase in interfibrillar spaces, and fibrosis (Maïmoun
et al., 2006; Oh et al., 2009; Pfeifer, Begerow, & Minne,
2002). These histologic changes result in prolonged muscu-
lar contraction and relaxation, thus leading to decreased
muscle performance, fatigability, and increased liability
to fall in older adults. A study by Bischoff-Ferrari et al.
(2004) on the association between vitamin D and lower
extremity function in active and inactive subjects indi-
cated that lower concentrations of vitamin D (i.e. less than
40 nmol/L) are associated with poorer musculoskeletal
function in both groups of subjects. Loss of muscle mass
has also been reported as a consequence of deficiency in
vitamin D. Visser, Deeg, and Lips (2003) have reported the
association between sarcopenia and low 25-hydroxyvitamin D
(25[OH]D) levels and high parathyroid hormone levels in a
group of patients above the age of 65 years. Patients with
vitamin D deficiency were 2.57 and 2.14 times more likely
to have less strength and muscle mass compared with those
with high levels (> 50 nmol/liter), indicating clearly the
higher likelihood to develop sarcopenia when vitamin D
level is low (Visser et al., 2003). In a similar manner, a
study by Dretakis et al. (2010) on 48 subjects investigating
the association between serum 25(OH)D level and quad-
riceps femoris muscle strength has revealed the existence
of a positive correlation. These findings corroborated previ-
ous investigations by Dhesi et al. (2002) and Bischoff et al.
(1999).

Considering how prevalent vitamin D deficiency is
and its known impact on the musculoskeletal system, and
given the fact that the larynx and specifically the vocal
folds consists of striated musculoskeletal structures that
bear the same anatomical and physiologic properties of the
remaining striated muscles in the body and thus are prone
and subject to the same functional and histologic changes
resulting from vitamin D deficiency, the authors of this
article have been intrigued to investigate the relationship
between vitamin D level and phonation. If we were to ex-
trapolate the physiologic sequel of the aforementioned
histopathologic changes to the laryngeal muscles and in
particular to the thyroarytenoid muscles, we would antici-
pate an increase in the phonatory disturbances in patients
with vitamin D deficiency. A hypothetical decrease in mus-
cle mass within the thyroarytenoid muscle, similar to the
one seen in the other muscles in the body in patients with
hypovitaminosis as reported by Visser et al. (2003), can af-
fect the vocal pitch as mass negatively correlates with vocal
pitch and is a major determinant of this latter result in ad-
dition to tension and length of the vocal folds. More so,
possible atrophic changes within the thyroarytenoid muscle
with subsequent vocal fold bowing can alter glottal resis-
tance, which is a determinant of loudness aside from sub-
glottal pressure. Vocal fold bowing may result in glottal
insufficiency, which is defined as unintentional escape of air
866 American Journal of Speech-Language Pathology • Vol. 26 • 865–
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during phonation, thus leading to vocal fatigue and increased
phonatory effort. We would also envision that a decrease in
thyroarytenoid muscle contraction strength and endurance
similar to that seen in muscles of the extremities in patients
with vitamin D deficiency may lead to deterioration in vo-
cal function with subsequent vocal fatigue on the basis of
the neuromuscular fatigue theory by Titze (1983).

Given all the aforementioned and the ubiquity of
reports on the strong link between low levels of 25(OH)D
and musculoskeletal structures, among which is the phona-
tory apparatus, the authors’ hypothesis is that patients
with vitamin D deficiency have higher prevalence of pho-
natory symptoms, namely changes in voice quality and fati-
gability, than patients with no vitamin D deficiency.

To that end, the objective of this study is to report
the prevalence of dysphonia and to increase phonatory ef-
fort and vocal fatigue, as well as the perceptual evaluation
and acoustic analysis of subjects with vitamin D deficiency
compared with subjects with normal levels of vitamin D.
The impact of dysphonia on quality of life in both groups
is also reported.

Method
Subjects

All patients presenting to the endocrinology clinic
between October 2013 and August 2014 with or without
vitamin D deficiency were asked to participate in this study.
All patients read and signed the informed consent approved
by the Institution Review Board. Patients with recent his-
tory of laryngeal manipulation, respiratory tract infection,
and/or abnormal laryngeal examination by fiberoptic or
telescopic laryngeal examination were excluded. The laryn-
geal exam was performed on all subjects in order to exclude
those with vocal fold lesions or pathology, and patients
with normal laryngeal examination were included in this
study. A total of 38 subjects were enrolled and divided
into two groups: 19 patients with vitamin D deficiency or
insufficiency (25-OH < 25 ng/dl) and 19 subjects with normal
vitamin D level (25-OH > 25 ng/dl). The group of patients
with vitamin D deficiency was not on treatment whereas all
patients with no vitamin D deficiency were on treatment.
Demographic data included age, gender, and history of
smoking.

Self-Reported Measures
All patients were informed about the purpose of the

study and were asked about the presence or absence of
dysphonia, degree of phonatory effort, and vocal fatigue.
Dysphonia was defined as change in voice timbre, loudness,
or pitch. Phonatory effort was defined as the effort needed
to phonate, and vocal fatigue was defined as decreased
ability to talk after a prolonged phonatory task or at the
end of the day. These were graded from 0 to 3 in terms of
severity (Sauder, Roy, Tanner, Houtz, & Smith, 2010).
The prevalence of dysphonia, phonatory effort, and vocal
fatigue were also recorded. A patient was considered to
872 • August 2017
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have phonatory effort and or vocal fatigue if the grade was
1 or greater. The mean score of vocal effort and fatigue
were computed and compared in both groups.

Patients were instructed about the Voice Handicap
Index-10, described by C. A. Rosen, Lee, Osborne, Zullo,
and Murry (2004) as a self-reported questionnaire on the
impact of dysphonia on quality of life, and were asked to
fill it to the best of their knowledge and perception. In case
they had any questions, the assistant was available to an-
swer these questions.

Speech-Language Pathology
Auditory-Perceptual Ratings

Patients’ voice recordings were graded blindly by an
experienced speech-language pathologist (master’s degree
with more than 10 years of experience) using the grade,
roughness, breathiness, asthenia, and strain scale (Hirano,
1981). For each perceptual parameter, the severity and
mean were reported.

Acoustic Recordings and Measures
Using the Visi-Pitch IV software by Pentax (Pentax

Medical Corporation, 1996), patients underwent acoustic
analysis. While seated in a quiet room, holding a microphone
(Shure SM48; SHURE, Granjas San Antonio, Mexico)
10 cm away from the mouth as instructed by the tester who
was keen on maintaining the microphone at the desired dis-
tance, subjects were asked to sustain vowel /a/ at a com-
fortable pitch and loudness. A monotone sustained vowel
was chosen because it is the most commonly used utterance
for acoustic analysis and “allows separation of the glottal
source parameters from those associated from the vocal tract”
(Hillenbrand, 2011, p. 34). The following acoustic variables
were measured using the multidimensional voice program:
average fundamental frequency, jitter, shimmer, noise-to-
harmonics ratio, and voice turbulence index. It is important
to note the analysis was conducted on a midportion of the
sustained phonation excluding the onset and offset time of
phonation. The habitual pitch was also computed using the
real-time module by asking the subjects to count to 10 at a
comfortable pitch and loudness. The test was done twice for
each patient and the average of the two values was computed.

Statistical Analysis
Frequencies and means (± standard deviation) were

used to describe categorical and continuous variables,
respectively. Mean scores for each independent variable
were compared between the two groups using the Mann–
Whitney U test, which is the nonparametric alternative for
an independent sample t test because the sample size is
small (total N = 38). The independent variables studied
were phonatory symptoms, perceptual evaluation parame-
ters, and each of the acoustic variables, whereas the depen-
dent variable was whether the patient had vitamin D
deficiency or normal vitamin D levels. Phonatory effort,
vocal fatigue, and hoarseness were analyzed as categorical
ded From: http://ajslp.pubs.asha.org/ by a Univ Of Newcastle User  on 10/31/
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independent variables using Pearson’s chi-square test of
independence. However, the p value of the Fisher exact
test was reported when more than 20% of the cells had a
count less than five. The severity distribution of the percep-
tual evaluation parameters was also analyzed using Pearson’s
chi-square test. The results for all statistical tests were
considered significant at α < .05. All statistical analysis
was performed using IBM SPSS Statistics for Windows,
Version 22 (IBM Corp., 2013).
Results
Demographic Data and Laboratory Results

A total of 38 subjects were recruited for this study.
The mean age of the total group was 47.29 years with a
standard deviation of 13.52 years and a range of 20–65 years.
Nineteen patients had low levels of vitamin D and were not
on treatment (25-OH < 25ng/dl) and 19 subjects had normal
levels of vitamin D and were on treatment. The mean age
and range of both groups are listed in Table 1. Men and
women were equally distributed in the two groups: 57.9%
women and 42.1% men. No statistical difference in age and
gender was identified (p > .05; see Table 1).
Dysphonia, Phonatory Effort, and Vocal Fatigue
There was no statistically significant difference in the

mean and frequency of vocal fatigue and phonatory effort
in patients with vitamin D deficiency compared with those
with normal vitamin D level (p > .05; see Table 2). With
respect to dysphonia, there was also no difference in its
prevalence in those with low vitamin D level compared
with those with normal level, and in those on treatment
versus those not on treatment (see Figure 1).
Means and Frequencies of Voice Handicap Index-10
There was no significant difference in the mean score

of Voice Handicap Index-10 (C. A. Rosen et al., 2004) in
patients with low vitamin D level versus those with normal
level (4.474 ± 5.790 vs. 1.579 ± 2.06, p = .052).
Perceptual Evaluation
There was no significant difference in any of the per-

ceptual parameters between the two groups (see Table 3).
Acoustic Analysis
There was no significant difference in the fundamen-

tal frequency, habitual pitch, or any of the perturbation
parameters in patients with low vitamin D level compared
with those with normal levels. Using the regression analy-
sis, there was no effect of gender on any of the acoustic
parameters (p > .05; see Table 4).
Hamdan et al.: Vitamin D Deficiency and Vocal Changes 867
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Table 1. Demographic data.

Parameter
All patients
(N = 38)

Patients with vitamin D
deficiency (n = 19)

Patients with normal
vitamin D (n = 19) p value

Age 20–65 .209
M ± SD 47.29 ± 13.52 44.32 ±14.24 50.26 ± 12.42
Range 23–63 20–65

Frequency, No. (%)
Gender 1.000
Female 22 (57.9) 11 (57.9) 11 (57.9)
Male 16 (42.1) 8 (42.1) 8 (42.1)

Smoking 16 (42.1) 6 (31.6) 10 (52.6) .189
25-OH vitamin D (ng/dL) N/A
<10: Deficient 4 (10.5) 4 (21.1) 0
10–25: Insufficient 15 (39.5) 15 (78.9) 0
>25: Desirable 19 (50.0) 0 (0.0) 19 (100)
>150: Potentially toxic 0 (0.0) 0 (0.0) 0
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Discussion
Vitamin D is vital to our health. The correlation be-

tween vitamin D levels and various systemic diseases such
as hypertension, diabetes, and cancer has been well reported
(Holick, 2006; Pittas et al., 2010; Souberbielle et al., 2010).
Over the last few decades, this correlation has expanded with
a growing interest in the impact of vitamin D deficiency on
muscle morphology and function. This interest stems from
the well-established role of vitamin D as a mineral homeo-
stasis and its contributing effect on phosphorous and calcium
metabolism (Girgis, Baldock, & Downes, 2015; Udowenko
& Trojian, 2010).

An equally important issue to osteomalacic bone
observed in patients with hypovitaminosis D is myopathy
and muscle weakness (Bischoff-Ferrari, 2012; Gschwind
et al., 2014; Wicherts et al., 2007). The molecular mecha-
nism of vitamin D effect on muscle function has been
thoroughly discussed in the introduction as reported by
Bartoszewska et al. (2010). The genomic pathway involves
transporting calcitriol to the nuclear VDR by intracellu-
lar binding proteins resulting in transcription and protein
synthesis of vitamin D response element genes (VDRE;
Freedman, 1999; Hazell, DeGuire, & Weiler, 2012). Nu-
clear VDR has been positively correlated with phosphate
metabolism by accumulating phosphate and adenosine
Table 2. The difference in the means and frequencies of
in patients with vitamin D deficiency versus those with no

Parameter
Patients with vitamin D

deficiency (n = 19)

Phonatory effort
M ± SD 0.3 ± 0.8
Frequency, No. (%) 4 (21.1)

Vocal fatigue
M ± SD 0.6 ± 0.9
Frequency, No. (%) 7 (36.8)

Dysphonia
M ± SD
Frequency, No. (%) 8 (42.1)

868 American Journal of Speech-Language Pathology • Vol. 26 • 865–
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triphosphate in muscle cells, thereby enhancing muscle
contraction (Boland et al., 1995; Hazell et al., 2012). The
genomic pathway is also involved in muscle cell prolifera-
tion and differentiation by the production of contractile
and sarcoplasmic reticulum proteins in concert with cyclic
adenosine monophosphate. The nongenomic cellular path-
way, on the other hand, consists of calcitriol binding to
plasma membrane-associated VDR, which involves caveo-
lae (invaginations in the membrane) acting as an initial
step in a cascade of intracellular pathways (Buitrago &
Boland, 2010; Hazell et al., 2012; Huhtakangas, Olivera,
Bishop, Zanello, & Norman, 2004). These pathways facili-
tated by the structural flexibility of calcitriol allow it to
bind to either receptor, thus substantiating several second-
ary messengers that exert their actions within seconds to
minutes (de Boland & Nemere, 1992; Hazell et al., 2012;
Okamura et al., 1995). As a result to these actions, several
investigators correlated a low level of vitamin D with fatty
degeneration in the muscles of rotator cuffs, atrophy of
type II muscle fibers, and fibrosis (Maïmoun et al., 2006;
Oh et al., 2009; Pfeifer et al., 2002).

The authors of this article hypothesized a higher
prevalence of phonatory symptoms in patients with hypo-
vitaminosis. The results of this investigation, however,
failed to corroborate the results of the aforementioned re-
ports on the positive correlation between hypovitaminosis
the phonatory effort, vocal fatigue, and dysphonia
rmal vitamin D levels.

Patients with normal
vitamin D (n = 19) p value

0.1 ± 0.2 .149
1 (5.3) .340

0.3 ± 0.7 .297
4 (21.1) .283

8 (42.1) 1.000
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Figure 1. Comparing the prevalence of phonatory effort, vocal fatigue, and dysphonia in patients with
normal vitamin D versus those with deficiency in the vitamin D levels.
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and the impaired musculoskeletal function (Bischoff-Ferrari,
2012; Gschwind et al., 2014; Gloth, Lindsay, Zelesnick, &
Greenough, 1991; Hicks et al., 2008; Wicherts et al., 2007).
There are three possible explanations for the lack of sig-
nificant difference in the prevalence of phonatory symp-
toms among patients with vitamin D deficiency and those
with normal vitamin D level: One is the sample size, where
a larger group might have revealed a significant effect of
vitamin D hypovitaminosis on voice. A second plausible
explanation for the findings of this study is the difference
in the histologic structure between the intrinsic laryngeal
muscles and extremity muscles. The suspended position of
the larynx in the neck allows this latter to perform various
tasks, namely phonation, swallowing, and breathing. This
multidimensional laryngeal function mandates a given mus-
cular fiber composition that allows the cross-cutting per-
formance of these three different laryngeal tasks. As fiber
type composition is usually dictated by the physiological
function of the muscle, be it tonic or phasic, type II fibers
with moderate resistance to fatigue are found to predomi-
nate in laryngeal muscles that are involved in activities that
require speed and endurance, whereas type II fibers with
low resistance to fatigue are found to predominate in ex-
tremity muscles that require speed for short duration such
as the gastrocnemius muscle. In a similar manner, type I
Table 3. Comparing the grade, roughness, breathiness, a
with vitamin D deficiency versus those with normal vitam

Parameter

Ac

Patients with vitamin D
deficiency (n = 17) (M ± SD)

Grade 0.8 ± 0.9
Roughness 0.9 ± 1.0
Breathiness 0.6 ± 0.7
Asthenia 0.7 ± 0.9
Strain 0.7 ± 0.9
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fibers, which predominate in muscles involved in tonic con-
tractions such as the soleus muscle, are less concentrated
in the thyroarytenoid muscle, the compartmentalization of
which is intimately related to the movement and performance
of the vocal folds (Ibebunjo, Srikant, & Donati; 1996;
Shiotani, Westra, & Flint, 1999; Sonnesson, 1960;Wu, Crumley,
Armstrong, & Caiozzo, 2000). To that end, the lack of sig-
nificant difference in phonatory symptoms between patients
with vitamin D deficiency and those with normal vitamin D
level, despite the known impact of vitamin D hypovitaminosis
on lower muscle extremities, can be attributed to the differ-
ences in muscle fiber composition between laryngeal mus-
cles and those of the extremities.

Last but not least, a possible explanation for the lack
of significance between the two groups is the limitation of
the vocal sample analyzed, which may not be fully repre-
sentative of the vocal quality and the vocal outcome mea-
sures used. In this investigation the sustained vowel /a/ was
selected for analysis because it mitigates the variability
across speaking styles and circumvents the possible effects
of changes in vocal tract shape and configuration during
speech (Hillenbrand, 2011). The lack of a phonetically se-
lected passage that includes all speech sounds of the native
language of the recruited subjects, as in the Rainbow Passage
in English, prohibited us from observing the coordination
sthenia, and strain scale classification in patients
in D levels.

oustic analysis

Patients with normal
vitamin D (n = 19) (M ± SD) p value

0.8 ± 0.9 .905
0.8 ± 0.9 .824
0.5 ± 0.6 .455
0.6 ± 0.8 .930
0.7 ± 0.8 .972
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Table 4. Comparing the acoustic analysis in patients with vitamin D deficiency versus those with normal
vitamin D levels.

Acoustic analysis
Patients with vitamin D

deficiency (n = 19)
Patients with normal
vitamin D (n = 19) p value

Fundamental frequency (Hz) 157.0 ± 59.8 164.3 ± 50.1 .942
Males 119.6 ± 25.8 110.7 ± 14.1
Females 184.3 ± 63.6 203.2 ± 20.3

Habitual frequency (Hz) 162.7 ± 45.7 152.2 ± 43.2 .287
Males 120.9 ± 11.8 115.0 ± 35.4
Females 193.1 ± 35.5 179.3 ± 23.8

Jitter RAP (%) 0.9 ± 0.5 0.9 ± 0.5 .919
Shimmer (%) 3.7 ± 1.5 3.3 ± 1.4 .511
NHR 0.1 ± 0.0 0.1 ± 0.0 .827
VTI 0.038 ± 0.016 0.037 ± 0.015 .872
MPT (s) 13.6 ± 6.0 13.2 ± 6.4 .781

Note. RAP = relative average perturbation; NHR = noise-to-harmonics ratio; VTI = vertical transverse
isotropy; MPT = maximum phonation time.
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between respiration of voice production and probably from
being able to better perceptually assess the patient’s voice
quality (Dejonckere, 2010; Remacle & Eckel, 2010). More
so, an objective measure of vocal fatigue and its correlate,
the perceived phonatory effort, is the phonatory threshold
pressure defined as the minimal lung volume pressure needed
to set the vocal fold into vibration (Solomon & DiMattia,
2000; Solomon, Glaze, Arnold, & van Mersbergen, 2003;
Solomon, Ramanathan, & Makashay, 2007). To that end,
the use of acoustic measures in this study may not cast
information on the possible changes in phonatory effort or
vocal fatigue, which would have been more reflected using
airflow measures. The lack of significant difference in any of
the phonatory symptoms may also be attributed to the fact
that the subjects were not engaged in a prolonged or strain-
ing vocal task, which is more likely to result in changes in
muscle endurance and thus reflect vocal fatigability.

This study has three main limitations: One is the rel-
atively small sample size as previously mentioned and which
could have masked the effect of vitamin D deficiency on
voice. Two is the lack of information on the amount of vo-
cal loading and phonatory behavior of the subjects investi-
gated in this study. This information is extremely important
given the fact that vitamin D deficiency not only affects the
contractile strength of muscle but also their overall perfor-
mance and endurance. That being said, the usage of a pro-
longed phonatory task instead of a sustained vowel may
have accentuated the effect of vitamin D on voice. Three is
the lack of more objective outcome measures for the assess-
ment of muscle function, such as laryngeal electromyogra-
phy or biopsy.
Conclusion
Vitamin D deficiency is known to affect the musculo-

skeletal system. The results of this study revealed no signif-
icant difference in the prevalence of phonatory symptoms
in patients with vitamin D deficiency compared with patients
870 American Journal of Speech-Language Pathology • Vol. 26 • 865–
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with no vitamin D deficiency. Limitations in the number of
subjects and vocal sample could have masked the presence
of phonatory symptoms and changes in the acoustic param-
eters. A larger study is needed to substantiate the difference
in the prevalence of phonatory systems between the two
groups. A longitudinal study is also needed to examine the
impact of vitamin D replacement on voice.
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