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ABSTRACT

Khuumii (throat singing) is a unique form of art derived from the nomadic population of Central Asia, producing
two or more “simultaneous” sounds and melodies through the organ of speech. The aim of the study is to identify
the anatomical structures involved in the formation of khuumii and the features and patterns of their functions and
compare each type of khuumii as performed by Mongolian people. A total of 60 participants aged 18-60 years
(54 men and 6 women) were selected by non-random sampling method using cross-sectional study. Statistical
analysis was performed using SPSS 23 software using questionnaires, X-ray, endoscopy, sound research method,
and general blood tests.

90.7% of the khuumii singers were male and 9.3% were female. The average height of the participants was
172.91+0.93 cm (arithmetic mean and mean error), average body weight was 77.53+2.46 kg, and body mass
index was 25.93+5.31 respectively. Heart rate was 92.19+20.71 per minute prior to khuumii while 133.19+19.09
after performing khuumii and 85.81-98.56 at 95% confidence interval. In terms of ethnicity (ethnographically),
the Khalkh were the largest ethnic group (72.1%), followed by Bayad, Buryatia, Darkhad, Torguud, and Oirat
(2.3%), respectively. 60.5% of the participants were professional khuumii singers who graduated from relevant
universities and colleges.

The process of Khuumii was recorded by X-ray examination, and laryngeal endoscopy evaluated the movement
of true and false vocal chords, glottal volume, movements of epiglottis and arytenoid cartilage, and mucosa.
Khuumii increases the workload of the cardiovascular system by 70-80%. Furthermore, the sound frequency is
2-4 times higher than that of normal speech, and sound volume is 0.5-1 times higher. 95.3% of throat singers
did not have a sore throat, 88.4% did not experience heavy breathing, and 74.1% had no hoarseness. During
the formation of khuumii sound, thoracic cavity, diaphragm, and lungs regulate the intensity of the air reaching
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the vocal folds, exert pressure on the airways and vibrate the sound waves through air flows passing through
the larynx and vocal folds. Mouth-nose cavity as well as pharynx are responsible for resonating the sound. It is
appropriate to divide khuumii into two main styles according to structural and functional changes in the organs
involved; shakhaa and kharkhiraa. Khuumii, the “Human music” originating from the people of Altai Khangai basin
by imitating the sounds of nature with their own voice in ancient times, spread all over the world from Mongolia.
Keywords: throat singing; true vocal fold; false vocal fold; voice source; vibration mode; phoniatry
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PE®EPAT

Xoowmen (roprnoBoe neHne) — yHukanbHasa oopma McKyccTBa, Co34aHHas KoHeBbIM HaceneHnem LieHTpanbHom
Asunun. VicnonHutenu xoomer BOCNPOU3BOAAT AiBa UK 6051ee 3ByKa NIM60 Menognm OfHOBPEMEHHO C MOMOLLIbIO
opraHoB peuyn. Llenbto nccnepoBaHuns sBNAn0Ch BbIABIEHNE aHATOMUYECKUX CTPYKTYP, YHaCTBYIOLLMX B hOp-
MVPOBaHNN XOOMEN, 0COBEHHOCTEN U 3aKOHOMEPHOCTEN NX PYHKLMIA, & TakXXe CpaBHEHME TUMOB XOOMEN B
NCMONHEHNN MOHIONOB. B HepaHAOMM3NpoOBaHHOE NonepeyHoe nccnefoBaHme Obinn BKNOYEHbI 60 y4acTHU-
koB B Bo3pacTte 18-60 net (54 My>X4uHbl U 6 XeHLUKH). CTaTUCTUYECKUIN aHanM3 NPOBOAMIICA NPU NMOMOLLN
nporpaMMHoro o6ecneveHns SPSS 23 ¢ ncnonb3oBaHWEM aHKETMPOBAaHUS, peHTreHorpadum, 3HOOCKONUN,
MeTofa NccrnefoBaHuns 3BYKOB 1 OOLLIMX aHaNIM30B KPOBU.

90,7% ncnonHuTener 6binn My>ckoro nona n 9,3% — xeHckoro. CpefHuii pocT y4acTHMKOB cocTasmn 172,91
+0,93 cm (cpenHee apudMeTUHeCKoe 1 oLLInMbKa cpeHero), cpeHsas macca Tena — 77,53+2,46 Kr, HOeKC Macchbl
Tena—25,93+5,31. HacToTa cepeyHbIxX COKpaLLeHUii B MUHYTY A0 UCNOMHEHUs cocTaenana 92,19+20,71, nocne
ncnonHeHns — 133,19+19,09 n 85,81-98,56 ¢ 95% poBeputenbHbIM MHTEPBANoM. C TOYKM 3PEHUSA STHUYECKON
NPUHAONeXHOCTH (3THOrpadmyeckmn) 60nbLLe BCEro yH4acTHUKOB NMpUHAAnexanu K rpynne xanxa (72,1%), 3a-
TeMm cneposanuv 6aagbl, 6ypaTbl, Aapkxagbl, TOPryyabl 1 ompartbl (2,3%) COOTBETCTBEHHO. 60,5% y4acTHMKOB
6b111 NPOdECCMOHANBHBIMM NEBLIAMW XOOMEW, OKOHYMBLUUMU COOTBETCTBYIOLLME YHUBEPCUTETbI U KONINEOXMN.
Mpouecc Xoomel 6bin 3anucaH PeHTreHoNorMYyecKn; ABMXKEHNE NCTUHHBIX U JIOXHbIX FOSTOCOBbIX CBA3OK,
06beM MNOTKWU, ABUXEHUSA HAArOPTaHHMKA U apUTEHOUOHOMO XpALla U CIN3NUCTON 060104KM ObIfiv OLIEHEHbI
3HOOCKONMYECKN. XOOMEW YBENMUYMBAET Harpy3Ky Ha cepae4vHo-cocygucTyto cuctemy Ha 70—-80%. HactoTa
3BYyKa npu 3T0M B 2—4 pa3sa, a rpoMkocTb B 0,5—1 pasa Bblille, 4eM y 06bI4HOM pedn. Y 95,3% neBLOB He OT-
Meyanock 6051 B ropne, y 88,4% He 6b1110 oAbILLKK, Y 74,1% He 6b1no oxpunnocTtu. MNpu dhopmuposaHmm 3Byka
XOOMeW rpyaHas nosnocTb, Auadparma v nerkme perynupyrotT UHTEHCMBHOCTL MOTOKAa BO3AyXa, AOCTUraloLLero
rofloCOBbLIX CKNaAoK, OKa3blBaloT faBfieHe Ha AblxaTeflbHble NyTU U BbI3bIBAKOT BUOPALMIO 3BYKOBbIX BOJH
Yepes BO3YyLUHbIE MOTOKWN B FOPTaHU M rofIOCOBLIX CKlagkax. PotoBas 1 HocoBas NONOCTU, a TakXe rnoTka
OTBeYaloT 3a pe3oHaHC 3ByKa. YMeCTHO pasfefniuTb XOOMeNn Ha [Ba OCHOBHbIX CTUSS B COOTBETCTBUM CO
CTPYKTYPHbIMU 1 (PYHKLIMOHASTbHBIMU U3MEHEHUSMU B BOBIIEYEHHbIX OpraHax; Lwaxaa v xapxmpaa. «XooMen»,
«YyerioBeyeckas My3blka», U306peTeHHas xutenamm Antan-XaHranckoro 6accenHa B fpeBHNE BpeMeHa nyTem
UMUTaL MM FONIOCOM 3BYKOB NPUpPOAbl, pacnpocTpaHunach no scemy mmpy n3 MoHronuu.

KntouyeBble cnoBa: ropsioBoe neHve; UCTUHHAA rofiocoBas CBA3KA; NTOXHas ronocoBas Cknanka; MCTOYHNK
ronoca; pexxum smépauunu; boHnaTpus
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Introduction

Khuumii is a unique form of art originated from the nomadic people
of Central Asia, producing two or more “simultaneous” sounds
through the organs of speech [1]. The origin and development of
khuumii in Mongolia was confirmed by UNESCO and registered in
the list of intangible cultural heritage of mankind in 2010 [2]. As
stated in the Decree of the President of Mongolia dated January 5,
2006 “Regarding the development of the art of khuumii”:

1. Encourage all Mongolians to inherit and develop the melodic art
of khuumii.

2.0blige relevant governmental and non-governmental
organizations, researchers, professional teachers, educators, art
and cultural figures to organize extensive and effective works for
the purpose of teaching, studying and disseminating Mongolian

khuumii [3].

This decree became the fundamental source for many scholars and
researchers to study the art of khuumii. Scientists have determined
the art of khuumii is being developed in about 15 countries of the
world, and it has developed from nomadic art to professional stage
art in Mongolia [4]. In recent years, the number of researchers
studying khuumii in terms of medicine is emerging. Summary of
literature review: In Mongolia, researcher Bat-Oyun.Ch, “Some Issues
of Mongolian Khuumii”, Enkhjargal.Sh “Features of Different Styles
of Mongolian Khuumii”, Mendbayar.J “Spread and Regional Features
of Khuumii”, Kherlen.L “Mongolian Khuumii Meaning”, Zagd-Ochir.S
“Some Issues on Skills of Khuumii Performers”, Tsogtgerel.Ts
“About the Issues of Khuumii Methods”, Odsuren.B “Characteristics
of Professional Training Methods of Mongolian Khuumii” [5-11].
Foreign researchers: Sakakibara K. (Japan) “Vocal fold and false
vocal fold vibrations in throat singing and synthesis of khoomei”,
Lindestad P. (Sweden) “Voice Source Characteristics in Mongolian
“Throat Singing” Studied with High-Speed Imaging Technique,
Acoustic Spectra, and Inverse Filtering”, Kharuto A V. (Russia)
“About The Musical And Acoustical Characteristics Of Tuva Throat
Singing”, Aulanko R. (Finland) “Acoustic Characteristics of Different
Styles of Overtone Singing In Altai”, Grawunder S. (Germany)
“Comparison of voice production types of ‘'western' overtone singing
and South Siberian throat singing”, Li G. (China) “The Physiological
Basis of Chinese HoOOmii Generation” [12-17]. Researchers in our
country have mostly studied the origin and development of khuumii
from the perspective of history, geography, ethnography, art, culture

and linguistics, while foreign researchers have conducted studies in

terms of phonology and physics. In any of these cases, the number of

research subjects is limited due to the small number of professional
and amatuer khuumii performing artists.

The lack of anatomical and physiological research and publications
on khuumii indicates the need for a scientific study on the khuumii
process, correction of some unscientific oral interpretations of
khuumii, and resolution of disputes over classification. Therefore,
the purpose of this study is to scientifically determine the features
of structure and function of the organs involved in khuumii using
modern diagnostic equipment, methods and techniques.

The study is aimed to identify the anatomical structures involved
in the formation of khuumii sound and the features and patterns
of their functions, and to compare between each style of khuumii.

The following objectives have been set in line with the aim:

1. Identify anatomical structures that play a primary and auxiliary
role in khuumii singing as well as the functional features and
correlation of these structures,

2. Propose classification of different styles of khuumii from a medical
point of view depending on the characteristics of structure and
function described.

METHODS

Cross-sectional study was conducted including a total of 60
participants aged 18-60 years (54 men and 6 women), selected by a
non-random sampling method. The participants are professional and
amateur Mongolian khuumii performers at art organizations operating
in Mongolia. Questionnaires and physical examinations (height, body
weight, BMI) were administered and external respiratory function
(forced expiratory volume FEV and peak expiratory flow rate PEF)
was examined with “EasyOne” spirometer of UK in order to study
some of the structural and functional parameters of the organs
involved in producing khuumii.

The X-ray examination was performed using Medien MT-RG (D)
digital X-ray machine from Medien International of the Republic
of Korea, which recorded the image of khuumii singing and the
location, movement, and functional characteristics of the head and
neck organs in producing khuumii were studied.

The laryngoscopy was performed using 700 KARL-STORZ straight
endoscopes from Germany and flexible endoscope of Japanese
Fujifilm to assess the movement of true and false vocal cords,
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Figure 1. This figure illustrates the location of the organs of during Shakhaa khuumii

PucyHok 1. CHUMOK WUTIOCTPUPYET PAcIiONOKEHUE OPraHOB BO BpeMsI 11axaa XOOMei

glottal volume, movement of the epiglottis, arytenoid cartilage, and
mucosa state.

Acoustic parameters such as sound frequency Hz, sound power
Db, sound tone, amplitude, maximum sound output time, clear
tone and noise ratio, and dynamic range were analyzed by a sound
analyzer software, Overtone analyzer.

The general blood test was performed using the OPTI CCA
blood gas analyzer of the United States and Sysmex XS-1000i
hematology analyzer of Japan, investigating changes in the blood
gas composition, 02, CO2 partial pressure, hemoglobin oxygen
saturation, red blood cell and hemoglobin levels at normal state and
after khuumii, respectively. Statistical analysis was performed using
SPSS-23 and Microsoft Excel softwares using basic biostatistical
methods.

RESULTS

90.7% of the khuumii performers were male and 9.3% were
female. The average height of the participants was 172.91+0.93
cm (arithmetic mean and mean error), average body weight was
77.53+2.46 kg, and body mass index was 25.93+5.31 respectively.
Heart rate was 92.19+20.71 per minute prior to khuumii while
133.19+£19.09 after performing khuumii and 85.81-98.56 at 95%
confidence interval. In terms of ethnicity (ethnographically), the
Khalkh were the largest ethnic group (72.1%), followed by Bayad,
Buryatia, Darkhad, Torguud, and Qirat (2.3%), respectively. 60.5%
of the participants were professional khuumii singers who graduated
from relevant universities and colleges.

The questionnaire revealed whether there are changes in the
function of the human vocal apparatus and the organs involved
in sound production depending on khuumii state and prolonged
khuumii. Herein: 74.1% of the participants did not have hoarse throat
and 25.9% had hoarse throat; 55.8% experienced change in their
tone and 44.2% with no change in tone; 95.3% did not have sore
throat and 4.7% had sore throat; 74.4% did not experience strained
voice and 25.6% did; 88.4% had no shortness of breath and 11.6%
had shortness of breath; 81.4% had no palpitation and 18.6% had

HEAD AND NECK RUSSIAN JOURNAL Vol 8, Ne3 - 2020

palpitation; 53.5% do not drink alcohol at all and 39.5% consume
little; and 81.4% do not have khuumii performers in their family.

Results of spirometric analysis:

The main indicators of external respiration activity of khuumii
singers, FVC mean and mean error is 84.12+2.48, FEV1 indicator
mean and mean error is 82.02+2.34, FEV1% mean and mean error
is 100.64+1.28, and Peak Expiratory Flow Rate (PEF) has mean and
mean error of 84.58+2.09.

Results of X-ray analysis:

X-ray examination determined the state during each different
styles of khuumii; shakhaa, isgeree and kharkhiraa. During shakhaa
khuumii from normal state, the larynx is raised, joining the sublingual
bone and pressed up to the chin. Sublingual bone is lowered by trunk
tilted up to 45 degrees, epiglottis cartilage is bent forward to tongue
root and its position is changed according to the movement of the
tongue, the soft palate is lifted up, and the nasopharynx is completely
separated and closed from the mouth. As the base note of shakhaa
khuumii went up, the larynx raised up and the compression strength
increased whereas as the base note went down, the larynx lowered.
Sound of khuumii coming from the larynx resonated through the
lower and middle parts of the pharynx and further through the mouth
cavity (Figure 1) (pucyHok 1).

During isgeree khuumii, in addition to the basic changes that
occur on shakhaa khuumii, the position of the tongue is elevated
and touches the hard palate making fine movements, basic tone of
shakhaa khuumii coming from the larynx is shaped by changes in the
position and movement of the tongue creating clear and soft isgeree
(whistling) sound. As the tone of isgeree goes up, the position of
the tongue shifts to the hard palate and upper anterior teeth, and as
the tone comes down, the tongue weakens and moves backwards
(Figure 2) (pucyHok 2).

The features of nasal khuumii were similar to those of shakhaa
and isgeree, but because the mouth is closed, the soft palate did
not lift and the airflow shifted to the nasal cavity. At this time, the
sound of khuumii resonated more in the nasal cavity.

In the case of kharkhiraa khuumii, the larynx position was elevated
to a relatively small extent compared to shakhaa khuumii and the

-
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Figure 2. This figure illustrates the location of the organs of during Isgeree khuumii

PucyHok 2. CHUMOK WUTIOCTPUPYET PACITOIOKEHNE OPTAHOB BO BPEMsI UCTEPUU XOOMEi

distance between the sublingual bone and the larynx was large.
The sublingual bone trunk lowered during shakhaa khuumii, while
it was slightly elevated during kharkhiraa khuumii. As the tone of
kharkhiraa khuumii goes up and down, the position of the larynx
changes in direct proportion. X-rays showed that the soft palate was
completely closed, the vocal cords made wave-like movements,
and the frequency changed as the sound changed tone (Figure 3)
(pucyHoK 3).

Accordingly, it can be concluded that the larynx, pharynx, and oral
organs are involved in shakhaa and kharkhiraa khuumii styles in two
different ways while isgeree and nasal khuumii types are produced
basing on the changes in shakhaa khuumii.

Results of laryngoscopy:

Shakhaa and Isgeree khuumii: During khuumii, the false vocal
cords were closed on all sides. The glottis narrows and becomes a
hole. Isgeree khuumii, on the other hand, produces a subtle whistling
sound when the tongue touches the palate on top of shakhaa khuumii

method. Therefore, the position and movement of the larynx are
similar to that of changes in shakhaa khuumii, but as the movement
of the tongue is involved, the movement of arytenoid cartilage is
increased by the movement of the tongue.

Isgeree khuumii is required to be forced with a higher tone
to produce a subtle tone, so the gap between the glottis was
compressed more and more. In other words, it was observed that
a single khuumii tone is formed by vibrations in the middle third of
the laryngeal vestibule or between the mucous membranes of the
vocal folds (Figure 4, Figure 5) (pucyHok 4, pucyHok 5).

Kharkhiraa khuumii: Some researchers have noted kharkhiraa
khuumii is similar to the sounds of lions roaring and wolves howling.
Linguistically, the word kharkhiraa means “hoarse and thick voice”
and vowels such as “A”, “U”, and “0” are predominant in the
khuumii. The contraction force of the false vocal cords is relatively
weak compared to that of the shakhaa khuumii, and glottis is slightly
visible. The vocal cords are intermittently contracted and sound is

Figure 3. This figure illustrates the location of the organs during kharkhiraa khuumii on X-ray

PrcyHOK 3. PEHTIeHOIOrMYeCKHiT CHUMOK MJUTIOCTPUPYET PACTIONIOKEHHE OPTaHOB BO BPEMsI XapXupaa XOOMeid.
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Figure 4. The figure illustrates the anatomical structure of the vocal folds during shakhaa khuumii (laryngoscopy)

A. Normal structure of larynx, B. Structure of larynx during shakhaa khuumii

PucyHok 4. PUCYHOK MJLTIOCTPUPYET aHATOMUYECKYIO CTPYKTYPY TOJOCOBBIX CKIIAI0K BO BPeMsI Il1axaa XOOMeH (JTapMHTOCKOITHS)

A. HopmanbHasi cTpykTypa ropranu, B. CTpyKTypa ropraHu BO BpeMs 11axaa XOOMei

Figure 5. The figure illustrates the anatomical structure of the vocal folds during isgeree khuumii (laryngoscopy).

A. Normal structure of larynx, B. Structure of larynx during isgeree khuumii

PUCYHOK 5. PUCYHOK MJLTIOCTPUPYET aHATOMUUYECKYIO CTPYKTYPY I'OJOCOBBIX CKJIAIOK BO BPEMSI MCTePHM XOOMEW (JTapUHTOCKOTINS).

A. HopMmasnbHas ctpykTypa roptanu, b. CTpyKTypa ropraHu Ipu UCrepuu XooMei

heard as vibration during kharkhiraa khuumii. In other words, at
this time, creating vibrations in the anterior third of the laryngeal
vestibule or between the mucous membranes of the vocal folds were
observed to form kharkhiraa khuumii sound. The mucous membrane
of the posterior third of the laryngeal vestibule can also vibrate, and
if these structures vibrate at once, simultaneous sound and melody
of khuumii is produced (Figure 6) (pucyHok 6).

Results of study on changes in blood gas composition during
khuumii:

HEAD AND NECK RUSSIAN JOURNAL Vol 8, Ne3 - 2020

After 10 minutes of khuumii by the participants, the pH was 75%
alkaline, 25% normal, and the partial pressure of oxygen (p0O2) was
90% below normal and 10% normal. The partial pressure of carbon
dioxide (pCO2) was 35% hypocapnia, 5% hypercapnia and 60%
normal in all participants. Oxygen supply (Sa0z2) was reduced in all
participants. The partial pressure of oxygen gas (pOz) averaged 47
mmHg and the oxygen supply (Sa0z2) averaged 82%.

Sa0:2 averaged 91% before khuumii and dropped to 82% after
10 minutes of performing khuumii. In the blood gas analysis of all
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Figure 6. The figure illustrates the anatomical structure of the vocal folds during kharkhiraa khuumii (laryngoscopy).

A. Normal structure of larynx, B. Structure of larynx during kharkhiraa khuumii

PucyHok 6. PUCYHOK WLTIOCTPUPYET aHATOMUYECKYIO CTPYKTYPY TOJIOCOBBIX CKJIAIOK BO BPEMs XapXxupaa XooMei (JIApUHTOCKOIIHSI).

A. HopmanbHast cTpykTypa roptanu, B. CTpyKTypa ropTaHu BO BpeMsl Xapxupaa XooMeii

participants, the average partial pressure of oxygen gas was 57.25
mmHg and decreased to 47 mmHg after 10 minutes of khuumii.
During khuumii, the partial pressure of blood oxygen (pOz) and
oxygen supply (Sa02) are reduced.

Results of study on some acoustic characteristics of sound during
khuumii

To determine some acoustic indicators of the three main styles
of khuumii; shakhaa, isgeree and kharkhiraa: the average sound of
frequency was 795 + 15 Hz as for shakhaa khuumii, 265+15 Hz as
for isgeree khuumii, and 120+10 Hz for kharkhiraa khuumii, which
are 2-4 times higher compared to the frequency of ordinary speech.
The sound power of shakhaa khuumii was 95.0+5.0 Db, 86.0+1.0 Db
for isgeree khuumii and 82.0+5.0 Db for kharkhiraa khuumii, which
are 7-10 times stronger than ordinary speech.

Discussion

The study was aimed to examine the features of structure and
function of some of the organs involved in khuumii. According
to the results of the questionnaire, 60.5% of the participants
were professional khuumii singers with university degrees, which
indicates that the recent enrolments in khuumii major is related to the
educational system and training. 9.3% are self-learners of khuumii,
which indicates that khuumii skills exist in the Mongolian gene pool.

One of the changes in the body during khuumii (throat singing)
was an increase in the number of heartbeats. We have tried to explain
how the force formed from khuumii affects the human body. The
pressure on the body is calculated by maximum heart rate (MHR)
using a special formula. This formula is based on the calculation of
the heart rate as a percentage of the difference between the number
of heartbeats at rest and after khuumii and classified as: 50-60%
is low, 60-70% is medium, 70-80% is quite demanding of muscle
strength, and 100% is classified as the maximum strength required.
MHR after khuumii reaches 70-80% or requires muscle strength.
During khuumii (throat singing), there is an increase in cardiac
output, blood circulation, and other organ systems, as well as an
increase in the number of white blood cells, which is explained by
physiological leukocytosis and the immune system. Researchers
have noted in some publications that excessive physical strain

can lead to muscle damage and further lead to conditions in which
inflammatory mediators are highly secreted.

Considering theoretically from the above explanation and the
state of physical strain: Increased cardiac activity during khuumii
can be explained by the activation of the sympathoadrenal system
and the secretion of catecholamines. 81.4% of the participants
did not experience an increase in heart rate, indicating that the
cardiovascular function is normal and adaptable. However, 18.6%
reported an increase in heartbeats, which may be explained by an
increase in the pressure on the heart during khuumii and a lower
ability to adapt to the load. Therefore, khuumii singers need to be
under medical supervision of a cardiologist. 88.4% of the participants
said that the number of breaths do not increase, which is related
to proper training and proper khuumii technique. On the other
hand, 11.6% of the participants had shortness of breath and it is
necessary to conduct a detailed analysis as the cause may be from
not learning to control their breathing properly, inadequate practice
of breathing, or any existing respiratory problems. Furthermore,
53.5% of the participants smoke, which indicates a high risk of
respiratory diseases; thus it expresses a need to completely give
up smoking, a factor that affects the healthy voice. Another part of
the questionnaire was the result clarified whether changes in the
function of the human vocal apparatus and the organs involved in
sound production depend on the duration of khuumii and prolonged
khuumii. When performing khuumii in short and long duration,
mucous membranes of the laryngeal vocal cord and the laryngeal
vestibule ligament are determined to be not swollen. 27.9% said
that they had hoarseness in their throat, suggesting new learners or
hoarseness for other reasons. 55.8% of the participants answered
that their voice tone changed, which is likely due to physiological
enlargement that may lead to functional changes in vocal apparatus,
as well as may depend on the duration of khuumii singing. However,
44.2% answered that there is no change in their voice tone, which
may be related to proper technique of khuumii and genetics. 95.3%
of the participants do not experience sore throat, indicating that the
pharyngeal and laryngeal mucous membranes do not damage from
khuumii. It is reasonable to assume that 4.7% had a sore throat due
to reasons other than khuumii. 97.7% replied they did not have any
pain when swallowing, which suggests that the pharyngeal mucous
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membranes do not irritate and damage by khuumii. 74.4% of the
participants said that their voice did not strain, presenting that if
learned correctly, vocal apparatus muscles do not strain. Whereas,
25.6% of the participants said that they experience strained voice,
which is related to their learning technique. Further, a detailed
study in relation to the duration (years) of performing khuumii
is required.

According to the results of Spirometric analysis, the external
respiratory function of khuumii performers was 20% -30% higher
than that of the person who does not sing khuumii. For example,
increase in ventilation of the narrow tubes can be attributed to high
level of depletion of the respiratory system during khuumii and the
adaptation resulting from during many months and years of training.

There are two theories that explain khuumii: the “double-source”
theory and the “resonance theory”. Chernov and Maslov's (1989)
“double-source” theory proposes that along with the vibration
of the vocal cords, a narrow primary pitch similar to whistling is
produced at the rear of the vocal cords [18]. However, Bloothoof's
(1992) “resonance theory” suggests that the primary pitch is
formed from oscillations of the vocal cords, melody resonates
and that the narrow high note is heard separately from the other
components of the sound. The study observed Tuva's ethnic Sygyt
throat singing through inserting flexible laryngoscopy into the
nasal cavity and found that both true and false vocal cords were
tightly closed, creating a whistling sound with a narrow gap in the
rear. Furthermore, function of the pharynx, larynx, and arytenoid
cartilage were examined each time the sound changed. Stroboscopic
examination of the throat with a direct laryngoscopy pulling the
khuumii performer’s tongue revealed a continuous khuumii sound
without a melody [19].

This was similar to the process of shakhaa khuumii in our study,
but the fact that the lower part of the tongue and pharynx play an
important role in the formation of shakhaa khuumii shows that it
is similar to the isgeree style of Mongolian khuumii. It also proves
that the melody of khuumii is formed by a mechanism or by the
involvement of other resonating structures, rather than the double
pitch produced by the larynx. Adachi and Yamada (1999) concluded
that MRI images of khuumii shows that the tongue is raised to form
a melody [20]. These researchers also conclude that the true vocal
cords comes in close contact and joins with false vocal cords to form
basic note, and further primary pitch resonates when the tongue is
lifted, which is unquestionably in line with the results of X-ray and
laryngoscopy of our research. Klingholz (1993) determined that the
basic sound frequency was 202Hz for shakhaa (Sygyt) khuumii and
100-200Hz for kargyraa (kharkhiraa), which is close to the result
of acoustic parameters of isgeree and kharkhiraa khuumii in our
research [21].

CONCLUSION

1. During the formation of khuumii sound, thoracic cavity, diaphragm, and lungs
regulate the intensity of the air reaching the vocal folds, exert pressure on the
airways and vibrate the sound waves through air flows passing through the
larynx and vocal folds. Mouth-nose cavity as well as pharynx are responsible for

resonating the sound.
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2. 1t is proposed to classify khuumii into two main styles of shakhaa and kharkhiraa
according to the structural and functional changes in the organs involved in

khuumii.
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