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NHI LUQONG BANG RONG

Ding Xuin Hing'
TOM TAT

PO nhi lwong kinh dién véi dau do 226 Hz ¢6 mét sé khiém khuyet va gidi hgn do cho
hinh anh khong hoan toan xac thuc tinh trang tai giga va cac dau hiéu nhi heong rat dé
nham lan. Khéng it trwong hop khi phau thugt tai giiza, bénh 1y tai giiza rat khac biét véi
cac dau hiéu trén nhi lwong do, diéu ndy do sir dung dau do 226 Hz dia trén nhing dac
trung vat ly. Nhi luong 226 Hz voi micc tién luong dich tict tai giira o tré kha kém va c6 thé
sai lam dén 50% triong hop ciing nhie chan dodn gidn doan chudi xwrong con ¢ type A chi
chinh xac vao khodng 40% triong hop. Trong hau hét cdc trwong hop xo tai, mdc dii cé dé
cing cua tai giga, Cac ddu nhi heong kinh dién lai cho thay dg thong thugn (compliance)
binh thwong,dayla diéu ngwoc Véi dé cing cua tai giika. Co ban nhi luong xdc dinh cac
bénh 1y thuong gap ¢ tai giita nhw dich tiét tai giita, gidn doan chudi xwong con va xo
tai,tuy nhién néu cdc truong hop nay duoc chdn dodn kém hiéu qud, lGc nay tinh khach
quan cua thiz nghiém rdt kém. Nhi lwong kinh dién c6 nhiéu giéi hgn va sai lam, vi vdy
phirong phdp méi hon dwoc iing dung cing Véi nhi lwong kinh dién la nhi lwong bing réng
con goi la nhi lwong 3D. Thudn loi ciia nhi leong nay 1a cung lic si dung da tan sé (biang
réng) dé thé hién tinh trang tai giira tir dé c¢é nhiéu #ng dung trén 1am sang, hau hét cac
khiém khuyét ciia nhi lwong kinh dién déu dwoc nhi rong 3D bé sung day di ciing nhu dé
tin cdy cua chan dodn ciing dwoc cdi thién nhiéu va thiong dwoc danh gid qua dé hdp thu
nang lwong (absorbance) cua hé thong tai giza.

SUMMARY
TYMPANOMETRY- WIDEBAND

Classical tympanometry with a 226 Hz transducer has some defects and limitations
because the imaging is not completely accurate of the middle ear condition and the
tympanic signs are very confusing. In many cases during middle ear surgery, middle ear
pathology is very different from the signs on the tympanogram, this is due to the use of a
226 Hz probe based on physical features. A 226 Hz eardrum with a prognosis of middle
ear secretions in children is quite poor and can be wrong in up to 50% of cases, and the
diagnosis of subchain disruption in type A is only accurate in about 40% of cases. In most
cases of otosclerosis, despite middle ear stiffness, classic tympanic signs show normal
compliance, which is the opposite of middle ear stiffness. Basic tympanometry identifies
common middle ear pathologies such as middle ear discharge, ossicle disruption, and
otosclerosis, however, if these cases are poorly diagnosed, then the objectivity of the test is
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not effective. very poor experience. Classical tympanometry has many limitations and
errors, so the newer method used in conjunction with classical tympanometry is the
wideband tympanic type, also known as 3D tympanometry. The advantage of this tympanic
system is that it uses multiple frequencies (wideband) at the same time to represent the
middle ear condition, so it has many clinical applications, most of the classic tympanic
defects are 3D tympanic. Adequate complementarity as well as diagnostic reliability are
also greatly improved and are often assessed by the absorption of energy of the middle ear

system.
1. Gigi thiéu

Nhi lugng la tha nghiém dung danh
gi4 kha ning dan truyén am cua tai gitra,
danh gia tinh hiéu qua dan truyen
ningluong am tir Ong tai ngoai dén tai
trong cua tai gitra,cac bénh ly khac nhau
& tai gitra 1am thay doi chirc nang nay. Po
nhi luong thé hiénsy thay doi chirc ning
dan truyén nang lwong va gilp chan doan
ban chat caa cac bénh Iy tai giira khéc
nhau. Hé théng do nhi luwong Wideband
Tympanometry WBT (3D) (hinh 1).

Titan Suite

Hinh 1. May do nhi lwgng WBT

Trong do nhi lugng, am dugc phat
dén 6ng tai ngoai, kich hoat mang nhi,
mot phan ning luong phan hdi ra ong tai
ngoai (reflectance) va mot phan nang
lugng xuyén qua mang nhi dé dén tai giira
(admittance). Nang luong phan hdi duoc
do boi microphone dat ¢ 6ng tai ngoai tiy

50

thudc vao dé cang cua tai glu:a do cung
cang cao niang lwong phan hdi cang cao
va nang lugng Xuyén qua tai gitra (do
thdng thuan: compliance) cang nho. Do
clrng tai giira rat thay di theo sy thay doi
4p lyc khong khi & 6ng tai ngoai. Do
cirng thap nhat c6do6 théng thuan 16n nhat
khi &p luc khong khi 6ng tai ngoai tuong
duong ap lyc & hom nhi (hinh 2), tuc &
ap luc khi quyén (76 cmHg).

Wideband Reflectance Principle

Hinh 2. Nang lwgng phat ra (mdi tén xanh) -
nang lwgng phan hoi (mi tén doé)

Trong phép do nhi lugng, a&m thanh
phét ra odng tai ngoai, ap luc khi ong tai
ngoai thay ddi lién tuc bai 1 bom khong
khi, vi vay lam thay d6i do cang cua tai
gitra. P§ caing tai gitta va nang lugng am
phan hoi tly thudc vao bénh 1y tai gitta.Nhi
luong dd rat khéac biét vai nhitng bénh ly
khac nhau ¢ tai gitravi vay nhi d6 3D dugc
dung dé chan doan cac bit thuong va bénh
ly tai gitra chuyén biét.
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2. Po nhi lwgng kinh dién

Nhi lugng kinh dién duge do véi mot
tan sb chuyén biét 226 Hz véi ngudi truong
thanh va 1000 Hz véi tré < 6 thang. O tan
s6 226 Hz, do cimg va cac thay ddi d6 cung
tai gitta duoc xac dinh t6t nhat va phat hién
tén thuong mang nhi - hom nhi dé& dang,
don gian va it bién chung nhat. Nhi luong
kinh dién danh gia tré khang hodc do cung
(impedance or stiffness) cua tai giira bing
cach tinh nang lugng phan hdi tir mang nhi
khi am don ¢ ddu do phat ra. Do cung tai
gita cang 16n, nang luong phan hdi cang
cao va may do tr¢ khang (impedance
audiometer) xac dinh do cing tai gitra.
Nang lwong hap thu & tai gira va dan
truyén dén tai trong khong dugc do va
khong duoc thu thap trong do nhi lugng
kinh dién.

Po nhi lugng kinh dién voi mot sb
khiém khuyét, thi du khong cho biét chinh
xac c6 hay khdng co6 dich & nhi lugng type
C, nhi lugng type C thuc su cho biét khdng
c6 dich ¢ tai gitra mac du c6 ap luc &m &
hom nhi do suy chirc ning/ tic nghén voi
nhi. Tuy nhién kinh nghiém lam sang cho
thay nhiéu truong hop nhi lugng type C co
sy hién dién cua dich khi mé hom nhi.
Trong truong hop thung mang nhi, nhi
luong kinh dién ciing rat kho chan doan do
nhi lugng det va rat khé biét dwge hom nhi
binh thuong hay khong binh thuong, do6i
khi ¢6 hién twong nhidu trén nhi lugng nhit
la & tré em. Nhi luong 226 Hz ¢6 d6 tin cay
kém vai dich tiét tai gitra ¢ tré em va ty I¢
sai 1am c6 thé dén 50% (Liu et al 2014)
trong khi nhi lugng 1000 Hz tét hon nhung
cling khong hoan chinh trong céac truong
hop nay (Baldwin2006), vi vay nhi lugng

kinh dién c6 nhiéu gi¢i han va do tin cay
khdng cao.
3. Nhi lwgng bing rong (WBT)

Nhi lugng bang rong (WBT)con goi la
nhi luong3D Vvéi am kich thich click bang
rong (226 - 8000 Hz). WBT do hiéu qua
truyén &m cua tai gita ¢ nhiéu tan sé thay
vi 1 tdn sé duy nhit trong nhi lwgng kinh
dién, vi vy gitp danh gid chic ning tai
gitra hoan chinh hon. Cac bénh ly tai gitra
khac nhau anh huéng Ién dan truyén am ¢
nhiing tan s6 khac nhau, vi vay WBT vuot
qua nhiéu khiém khuyét va nhiing giéi han
cua nhi luong kinh dién, dic biét nhi d6
absorbance 2D rat hitu dung trong chan
doan cac bénh ly.

Hon ntta WBT khéng chi do nang
lugng &m phan hoi tr mang nhi
(reflectance) ma con do ning luong amhap
thuqua tai gitta (absorbance), qua d6 cho
nhiéu thong tin hon vé co ché dan truyén
tai gitta va cac bénh ly tai co quan nay.
Tac dong cua cac bénh Iy khac nhau dbi
v6i nang lugng phan hoéi va nang lugng
hap thu rat khac nhau theo tan s, WBT ¢4
nhitng thuan lgi dé thu thap chinh xac su
khac biét nay. Néu chi do ning luong phan
hoi (reflectance) voi 1 tan sé trong do nhi
luong kinh dién, s& khong cho toan bo
thong tin vé chirc ning tai giira voi nhiing
bénh 1y khac nhau. Ngugc lai voi lugng
thong tin day du c6 sin qua ning luong
hip thu (absorbance) tir WBT s& gilip phat
hién cac ton thuong tai giira voi do chinh
xac cao hon, WBT giup phén tich tong
hop tinh trang tai gitra qua 1 loat tan s6
bao gdom day tan sé 10i tir 226 - > 8000 Hz
(hinh 3, 4).
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Wideband Reflectance Principle

Reflected Power <zl
Incident Power -

Hinh 3. Ty I& nang lwgng phan hoi

Energy
Reflectance

Wideband Absorbance Principle

__ Absorbed Power -

Absorbance = Incident Power -

Hinh 4. Ty 1& nang lwong hép thu

Tom lai khac biét co ban gilta nhi
lugng kinh dién va nhi lugng bang rong:

- Am kich thich: am click thay vi &m don

- C6 thém phép do nang luong hap thu
(absorbance)

- Tan sb kich thich tir 226 - 8000 Hz
- Thoi gian do twong duong & 2 phép do

- WBT cho biét rd ning lwong xam nhap
(admittance) va thong tin méi 1a nang luong
hap thu ¢ tat ca cac tan so tiep nhan loi.

- Nhi lugng d6 3D (absorbance
tympanogram) (hinh 5) véi 3 thong sb: &p
lyc tai gitra tir + 200 dén + 600 daPa, tan sb
tir 200 dén > 8000 Hz va ty 1& do thong
thuan (absorbance in percentage).

Tuy nhién tir nhi d6 3D céc dang nhi
d6 2D khac nhau duoc trich dan, phan
mém gilp tao ra nhi d6 2D kinh dién binh
thuong theo ap luc va d6 théng thuan
(compliance) & 226 Hz (hinh 6) hoic bat
ky tan s6 nao nhu ¢ 687 Hz, 1000 Hz
(hinh 7). Ciing c6 thé tao nhi d6 bing rong
trung binh 2D (hinh 8) véi ty 1é thoéng
thuan (absorbance), ddy l1a thong so rat
hitu ich dé phan biét bénh ly tai giira (hinh
8).

3DT - Right
100
)
100%
60
50%
Absorbance
40
0%
600
- 200 _ 2 8
I Pressure [daPa] 200 3 Frequency [kHz]
v:09 Peak: -7 daPa
Res freq: 834 Hz C at 226 Hz: 0.5, 1000 Hz: 2.0 mmho

3DT - Left
30
- 100%
60
\ Absorbance
AD !
Py ) U
600 8
200 2
. Pressure [daPa] 2000 5 Frequency [KMz]
V: 0.8 Peak: -3 daPa
Res freq: 1013 Hz C at 226 Hz: 0.4, 1000 Hz: 1.4 mmho

Hinh 5. Nhi lwgng d6 3D theo absorbance, ap lwc tai gitra va tAn sb 250 - 8000 Hz
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compliance

Ve

pressure

Hinh 6. Nhi dd 2D theo ap lwc - dd
théng thuan (compliance)

frequency averaged energy absorbance

air pressure

Hinh 8. Nhi lwgng bang rong trung binh
(Absorbance 2D average)

Ciing c6 thé donhi lugng absorbance
2D ¢ bt ky &p lyc nao (ap luc khong khi
hoac &p luc tai gitra), cac nhi d6 nay déu
c6 nhitng tng dung 1am sang chuyén biét
von khong c6 & nhi luong kinh dién, day
1a wu diém cta nhi lwong 3D. Nhi luong
bang rong trung binh (800 - 2000 Hz &

absorbance

frequency

»
L4

compliance

v

pressure

Hinh 7. Nhi d& 1000 Hz theo ap luc - d6
théng thuan (compliance)

il
»

frequency averaged energy absorbance

air pressure

Hinh 9. Hinh &nh nhiéu & nhi lwong
kinh dién 1000 Hz

tré va 375 - 2000 Hz ¢ nguoi trudng
thanh) gidp phat hién r hon dich tiét tai
gitta va khong bi nhidu boi tiéng on nhu
trong nhi lwong kinh dién. Nhi d6 2D
tdch biét tur nhi luong bang rong (hinh
6,7,8,9,10,11).

absorbance

frequency

Hinh 10. A) NhT d6 2D theo absorbance c6 nhi lvgng do type C kinh dién.
B) nhi d6 2D theo absorbance trong nhi do type C kinh dién
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absorbance

v

frequency

Hinh 11. Nhi lwong absorbance 2D t» 3D
& tan so 250 - 8000 Hz

Uu diém WBT so véi nhi do kinh
dién:

- WBT cho nhiéu chi s6 6n dinh va do
tin cidy cao hon ¢ tré em va ¢ cac bénh
nhan it hop tac. O nhiéu truong hop nhi d6
trong moi truong 6n va bi nhiéu (hinh 9)
duogc thu thap kha kho khan, trong truong
hop nay nhi luong 3D réat hitu dung va
tiéng 6n duoc 6n dinh trong khi do nhi
luong, qua d6 cho thay tiéng on gan nhu
khong anh huéng ddi véi nhi lugng 3D.

- Nhi lugng type C kinh dién duoc Iy
giai nhu tic ngén voi nhi gay ap lyc am tai
gitta, hom nhi chta day khong khi khéng
c6 dich (do do théng thuan: compliance
binh thuong) ¢ tai gitra. Tuy nhién thuong
cO dich kéo dai trong truong hop nay va
dugc phét hién qua rach mang nhi, qua do
cho thay nhiéu truong hop nhi do type C
chira mot luong dich tai gita khong thé
chan doan dugc qua nhi lwong kinh
dién,nhi d6 3D gidp ichnhiéu cho cac
truong hop nay. Nhi do absorbance duoc
do & mot ddy tan sb chuyén biét va co6 do
thong thuan rat thap (hinh 10B) nhung &
mot ddy tan s khac cé absorbance binh
thuong, nhi d6 absorbance ¢ dang det khi
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c6 dich tai gitra va can rach nhi. Tuy nhién
néu nhi lugng 3D c6 compliance binh
thuong (hinh 6B) ¢ tit ca cac tan sb, diéu
nay cho thiy khong c6 dich trong hom nhi.

- Nhi luong 3D giap danh gia tinh
trang tai giita ké ca khi c6 thing mang nhi
hoic dang dit ong thong nhi, diéu nay
khong thé biét dwgc ddi véi nhi dd kinh
dién. néu chirc nang tai giira binh thuong.

-Nhi 46 3D theo absorbance binh
thuong (dinh thuong thap hoic quanh 1000
Hz), c6 thé & nhitng dinh khac ¢ day tan sb
200 - 8000 Hz phu hgp véi dir liéu binh
thuong. Tuy nhién néu tai giira c6 dich
hodc bat thuong, nhi do absorbance s& det
(hinh 12).

Effects of OME, middle ear pressure and PE tube
Sanford et al., 2014

Absorbance

ooooo

Frequency (Hz)

Obtained on Interacoustics Experimental Wideband system

Hinh 12. Nhi db absorbance viém tai gitra tiét
dich, &4p suéat am tai gitra va dat dng théng nhi

4. Thong tin tir nhi lwgng biang rng

Su van hanh nhi lugng 3D ciing dé dang
nhu nhi lugng kinh dién nhung cho rét nhiéu
théng tin vé chirc ning tai giira, thir nghiém
duoc hoan tat chi trong vai gidy.

3 dang nhi d6 cua nhi lugng 3D:
- Nhi d6 3D (hinh 5)

- Nhi dd 2D kinh dién ¢ bat ky tan sé
dugc chon (hinh 6, 7)
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- Nhi d6 ty 1& hap thu niang lwong (hinh
8).

Nhi d6 bang rong trung binh ddi véi
ngudi truong thanh tor 375 - 2000 Hz, véi
tré em tir 800 - 2000 Hz, day la cac tan sb
gidp phéat hién bénh Iy tai gitra tot hon,
chinh xac hon khi so sanh véi nhi @6 kinh
dién. Trén nhi do bang rong 2D (2D WBT),
cho biét rd tan s6 cong huong tai giira la
tan sd c¢6 ning luong xuyén qua hom nhi
I6n nhit (hinh 13).

Averaged Normals

Mean WB Tympanogram-Normal

Nhi do6 absorbance WBT cho nhiéu
thdng tin nhat (hinh 10, 11) trong d6 truc
X: tan s, truc Y: absorbance (ning lugng
am hap thu qua tai giira dé di vao tai trong)
(hinh 14). C6 vuing xam trén biéu d6, day la
day binh thudng va mot duong rd nhat hién
thi caa absorbance, dudng nay cho nhiéu
thdng tin mai, hinh anh dugc thé hién cua
nhiéu bénh 1y khac nhau ciing nhu nhitng
giai doan khac nhau cua cung mot bénh ly,
thi du d6i véi xo tai (hinh 15). Absorbance
2D gitip ich rat nhiéu trong chan doan.

Average Conductive HL

Mean WB Tympanogram-CHL

100 N

\ S
P(daPa) 200 5.5 05

f (kHz)

Hinh 13. Nhi db 3D binh thwéng va nghe kém dan truyén

Adult Case

Courtesy of Navid Shahnaz, Ph.D.

AUDIOMETRY

AC: nsan Expncras. 5C 871 [neen Ezrones]

4

2

Fraquency (Hz)

Hinh 14. Nhi db 3D & tai (T) ton thwong & 4000 Hz va tai (P) v&i nghe kém hén hop
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WB Absorbance Examples

(Absorbance)
100% 100% 100%i e e 100% - --
50% | ____ 50% [~~~ 50% ! 50% !
0% 0% ! 0% ! 0% !
5 2 8 5 2 8 5 2 8 5 2 8
Dich tiét tai giwa .—'\p suit Am tai gitra Xo tai Thing mang nhi
100% - - - 100% = o 100%
50% {\:: 50% B 50% | ___
0% 0% 0%
5 2 8 5 2 8 5 2 8

Gian doan chuoi xwong con

PAu do khéng Kkhit

Pau do tac ngén

Hinh 15. Cac dang nhi d WBT absorbance clia cac bénh ly tai gitra khac nhau

Nhiing tién b nhi rong WBT

- C6 nhiéu danh gia tinh trang va chuc
ning tai giira trong mdi thir nghiém don
thuan, qua d6 cho nhitng gia tri chan doan
doc 1ap caa moi bénh ly.

- Nhi d6 absorbance trung binh 1a hinh
anh tong hop cua chirc nang dan truyén tai
gitta & mot loat cac tan sé nhay cam, chinh
xac hon nhiéu khi so sanh véi nhi luong
mét tan s6 kinh dién (hinh 16).

Relation Between Pathology, ABG and Absorbance
Nakaijima et al., 2013

4
o
T 3 A
— 8 .
N .
E 2 g A
. - -
® 1 = % s e &
=)
« O o . .
g °
3 -1 v i .
é 2 * +Stapes Fixation
8 > sco
£ < 4 2
é < A Discontinuity
. .
5 4 - v v v -
0 10 20 30 40 50 60

Air Bone Gap (1 -4 kHz) dB

Hinh 16. Twong quan bénh ly - ABG -
Absorbance

- Co it hign twong nhidu doi vai tiéng
on trong khi do.

- Nhi luong 3D la thiét bi chan doan
chinh xac hon nham phat hién dich trong
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tai gitta khéng chi ¢ tré em ma ¢ ca nguoi
I6n. Dic trung nay rat hitu dung dbi véi nhi
luong type C kinh dién, trong d6 dich
dongthudng bi bo s6t qua nhi do kinh dién.

- O nguoi truong thanh cac bénh ly
nhu hé ong ban khuyén trén, gian doan
chudi xwong con dugc chan doan rd rang
hon trong WBT qua absorbance WBT.
Trong ho 6ng ban khuyén trén co sy gia
tang ty & hap thu ning luong & tan sé6 1000
Hz va duoc hién thi nhu mét dinh quanh
1000 Hz trong absorbance WBT.

- WBT gitp danh gia thung mang nhi
hodc dang dit ng thong nhi rat rd.

- Theo ddi dién tién xo tai qua
absorbance WBT rat rg (hinh 17).

Adult Case: Otosclerosis

©
@

Courtesy of Navid Shahnaz, Ph.D.

Hinh 17. Nhi dd absorbance 3D v&i xo tai
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Adult Case: Disarticulation

tymp 2261z
AV

1]

Courtesy: Erik Hagerstrom, MD

AV

Courtesy: Erik Hagerstrom, MD

Hinh 18. Absorbance 3D v¢&i trat khép
Xxwong con

Adult Case: Perforation + Disarticulation

Hinh 19. Nhi d6 absorbance 3D véi thiing
mang nhi + trat khép chudi xwong con
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