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An Experimental Study of Radiographic Density of Alveolar Bone and
Cortical Thickness of Mandible by Osteoporosis

Byeong-Do Lee

Dept. of Oral & Maxillofacial Radiology, School of Dentistry, Wonkwang University

ABSTRACT

Purpose : To evaluate the effect of the systemic osteoporosis on radiographic density of alveolar bone and cortical

thickness of mandible.

Materials and Methods : The bone mineral density values of lumbar and femur were measured by dual-energy X-
ray absorptiometry and T scores of lumbar, femur were obtained respectively. Radiographic densities of alveolar
bones and panorama mandibular index (PMI, represents as cortical thickness) were analysed statistically according

to age and T score variables.

Results : The radiographic density of alveolar bone of maxillary molar showed significant difference by age and
femur T group. That of mandibular molar showed significant difference between femur T group. Panorama
mandibular index showed significant difference between age groups.

Conclusion : The radiographic density of alvealar bones was more dependent on age and femur T than lumbar T.
Cortical thickness of mandible was correlated with increasing age. (Korean J Oral Maxillofac Radiol 2000 ; 30 :

235-242)
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x
riu

EOFEY Y HHT Fe] Fasy 771A A
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HAieol AFHE AZold! AlARZ 7+ (WHO) = 4
X% (bone mineral density, mg/cm? BMD)7} ze Aele] o
FANA w2B 25 ootz 2ol A4E B 2o
Z (osteoporosis) 8.2 (T=-2.5), £F 312]— 1-2.5 o3tz 7}
429 A4S 742 (osteopenia) 0 2 (25<T<-1.0)2
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235 e HAA 3 estrogen M4, 93 F7)L 23w
selzol= 5 oF Sl SN F2 24 2
qol Zrhgel ook KAH 5% B4, SNE AP
ZH4, estrogen ¥4 A B A8 7HA] 247 ByH &
Szl Wty deA Yen e FHETE
Austm Aasy] 98 FTAE 249 FeA] 27
2 ook WAl olgHE wApdEd FUE Sgwes
= 3% =224 (Photodensitomery), T 3} 7nid &3]
] (Single photon absorptiometry), ¢F3-AF73 v &% ¥ (Dual
photon absorptometry), o] &l v 2| 8}ALA 424 &Y (Dual
energy X-ray absorptiometry, DEXA), A 23 A Ab3} o =3
o3 (Quantitative computed tomography, QCT), A &4 %
2-7} (Quantitative ultrasonography, QUS) 5 t}oks}m> 6
T WA olFdA A FFASHo 2 aF9
YElERe TUEE AR AU THES o3
& BT AUk o W AFEHE o FNIARAY T4
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2 el M = FoFEH dFL=ste] 1A} B %IW ol 9ol = W 6}1}——015 8,12:18 alram y__,_zﬂ u}
o 24e] Hx gler ol Wd A7t #E8] APH  glen IudMe AP FEIFF Al A U= A
o) gioh. 2upgol] ) A7 5 Ao ‘

Kribbs 588 microdensitometerZ, Mohajery 22 X sletsled B9 wAZe] AlelE dWste] ukek s

DAL AL 2} b elebAbzl © 2 Lindh'°Taguchi'' Kle-  lo} ApRl&ed S sled ©a=3lA] 1 FARHE AlSshy Hod
metti §'22 ARz on ot WE & A9 RAAAG IR Fol ) AZeA 2" 4

A2 T g AdA FHT5Ae] A3A4E AR wh glrholel] wiet Benson 52 d}obge] 7]A] - (basal bone)
3]l Horner %°& 3E Fxsel 9F dEFUxE 7} X 2F34 o) w3 Feo] WElst AL Hgke] ek A
DEXAZ &Asled M2 HAX S W sty et Taguchi ! of Z<tsted sttt ] F7| 5 Panorama mandibular index

k = 1.224 49 = 91.2(1. aaam 5.119

P it T 97 .Auy.2000 16:12 (185 x 1061
87 .fuy. 2088 16:83 1114 = 135 Holoyic QDR-2888 (S/N 2672)

Holog i QDR 2088 CSoN 2677 Array Right Hip Medium U4.76A11
Bronats Cnine Wodium 14 2001 Y Ry P * :
BMD (L1-L4) = 0.880 g/cm? BMD (Neck[R]) = 0.752 g/cm?
Region  BMD T (30.0) z Region  BMD T z
LI 0.739 -1.69 80%  -054  93% Neck 0752 -142 4% 0.09 101%
L2 0.823 -1.86 80%  -059  93% (22.0)
L3 0.886 -1.80 82% 045 95% Troch 0622  -L11  86%  —0.17 98%
L4 1023 -0.84 92% 054 106% (30.0)
LI-L4 0880 -1.52 84% 021 97% Inter 0979  -120  85% 030 96%
(29.0)
# Age and sex matched TOTAL 0832 -119  85% 022 97%
T = peak bone mass 280
Z = age matched TX 04 Nov. 91 280)
Ward’s 0499 270  63%  -042 92%
(20.0)

# Age and sex matched
T = peak bone mass
X = age matched TX 25 Oct. 91

Fig. 1. An example of bone mineral density (BMD) and T score of lumbar, femur measured by Dual energy X-ray absorptiometry.
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HAZE A e Mz AeldA AT
IEo] ¢t} von Wovern 5218 FAZHI=
A2AR =7} deFgtd vla] ZAZE Axe FHFE A
=ol RZFEHA ¥hERea 39T Riggs $7° A
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olo MAf FHFFE HEde 291F 9% #E
Wiyl 22k ARl E3tx wsbe) shighul ALY
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2b Ftglen EEEel A% GEwrt s dEHF
% o 9ol A o] UYeAE Al i A
AL dds

(e o] off

NS
X

b

1. ALY

665 AFAoz stof 25-354F (A FA o] 227
q4e) 10522 329elgen 364 o4 597 2
(B)< 207 (4°] 18%), 604 o] AZ ()2 FHI} o4
o2 149o|glon o)st o] Wl wel 3FL
R 2en FUme AFE F £ e G
Eg3t Zi’:_%-lﬂ% ghokd ‘%’%’ol 93 FohERe)
4% ez gde 4

2. et

(1) o]l A A 5424 & (DEXA, Hologic)g A}
f3led mE JFRARALY] 23 (Lumbarl-Lumbard)3-$] 9}
o) E] 239} (femur neck, trochanter, Ward’s triangle)2] =34
E(gem)E EA sl 47He] T scoresE 1319} (Fig. 1).

(2) Kodak Ektaspeed E group?] X%+l E (periapical
film)& o]g3sled Aot} sjete] 92 AFX|H-91e} A
Rnojg dAF xZx7(60kvp, 8mA, 0.5sec)o 2 XA A}
g o3tz dAT dF=TANA Adskdet. XA &3
Al FzAZA 003 mm-0.27 mm7}x]2] Copper step
wedge® 94 (003 mm¥ Z7hz. A=l Aojsh A
2l e IRl At XA AREdE skl (Fig.
2).

ol

Fig. 2. Periapical view with copper step wedge.

Fig. 3. Panorama mandibular index: this index was the ratio of the
thickness of inferior cortex to the distance from inferior edge of
mental foramen to cortex. (b/a)

(3) "4 WA AFZE Nicon Scanner® scanning g+
% Adobe photoshop programe. = #1A g ¥ ZFE]o A
Fseiet.

(4 A4 image® B71534EN Z2ogel NI
image& o]-8-3ted Aretzt ool AllaTA| A24TA)
Azabole] AT A9 ok shobe] 19 FHsk A
272 R ZAbel o] A zE H9E #Aldder dAs
o A7) AzE (PP EHE)E SHskedon A
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Fig. 4. Diagram of femur (A: femoral neck, B: Ward’s triangle, C:
greater trochanter).

Z=y 24 WESAs S PFAE Fadw old R4
o8 ) zwWA 2| 2% (crestal bone), X| 257 FE-HZ]

A At =718 Akgos AEsG BAGAS) A
253 NIH imagey§ o] H3dA 2l o3 T2 49 &
7HA 2 BAE %l

() ABC % 94 skl me Aotst sjee] Alls
A9} A2aTH AZAbole) AT welsh okst shete)
AT T3k A2 7 2 2Abele] A 2T Be)e) F2)57}

2] (AR AR W;}E)E Hal 2A 3 AL E AL skgd)

(6) ABC 5 93+ ¥3}e]| u}2 PMI (panorama mandi-
bular index)® 2AEAZ ALFHAE SHichol @ ol %
% slx=ll 714l Planmeca (PM2002 CC Proline, Fin-
land)e]gl o™ PMIE o]F%-99] 3% stde] FA% 3}
o shadel Al o] %S SRSl Az vhe 4X2 89
o} (Fig. 3).

(7 £39) WEZY AR, AR (trochanter), Ward’s
triangle 329] (Fig. )] T scoreE T=-1.0(Tn), 2.5<T<
-10(Tpe), TS-2.5(Tpo)2] 3Fo 2 EF3 g zhZo
wE Hz2e) FeIS7h xho)sh PMIztele] $akyAl )
ALFAA S AlEet. o]df Tscorer - 717+ A9
TUxe wwdMd TP 2Z2ARE dehiy Tz
-1.0& AA 25<T<-10= FHAAZ,TL-25L F&L
228 oulach dEE 2odE AT olfE 7 299
)T} 02 Axol Aolatr] dRolsict.
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(1) dz7e H3o] we Xx2Fo AR Fdx
1 PMI7} $-2]%}F X}o]2 B

gstol| Cyet °4-_r‘

Table 1. Copper equivalent thickness of alveolar bones classified
by age group

M=SD(N) F

0.15+0.04 (31)
0.15+£0.05(19) 2241  0.115
0.12+0.04(13)

0.211+0.06 (30)
0.20+0.06 (19)
0.13+0.05(13)

0.17+£0.04 (30)
0.15+£0.03(19) 2215 0.11
0.151+0.04(13)

0.18+0.03(31)
0.17+0.04 (19) 1.188 0.311
0.16£0.04 (13)

0.27+£0.05(31)
0.33+0.08 (18)
0.29+0.06(13)

Area age group Pr>F

#14-#15

#16-#17 9232 0.0003

#44-#45

#46-#47

PMI

4.290 0010

AP Q> QOFP QW OF P>

A : group of age 25-35

B : group of age 36-59

C: group of age over 60

M : mean, SD : standard deviation, N : number, PMI: panorama mandibular
index

Table 2. Copper equivalent thickness of alveolar bones classified
by lumbar T

Area Lumbar T M=+SD(N) F Pr>F
Tn 0.15%£0.04(28)
#14-#15 Tpe 0.14+0.04(22) 1.20 0.30
Tpo 0.12+0.04(13)
Tn 0.20£0.06 (27)
#16-#17 Tpe 0.20+0.06 (22) 2.36 0.10
Tpo 0.15£0.07(13)
Tn 0.17+0.03(28)
#44-#45 Tpe 0.16£0.04 (21) 0.76 047
Tpo 0.14+0.04(13)
Tn 0.18+0.03 (28)
#46-#47 Tpe 0.17£0.03 (22) 1.28 0.28
Tpo 0.16£0.05(13)
Tn 0.28+0.07 (26)
PMI Tpe 0281+0.06(23) 2.29 0.10
Tpo 0.33£0.08(13)

Tn: T=-1, Tpe: -2.5<T<-1,Tpo: T=-2.5
M: mean, SD: standard deviation, N: number, PMI: panorama mandibular

gow BYcH(P<005). AAFEEMNZA Aot o7 23
= dHATH CE, BT CE7 zo]E By, PMI

A—F’_— BE7tel| 2}o]E M} (P<0.05) (Table 1).
F2| T#] Wl 2 AzF

v«lfﬂ Zfolg B.o]A] ¢kgke} (Table 2).
(3) HEZT ARl Ward’s triangle TZ2] W s}o] ulebr]
EollME Aot AR st AR s {7t

olu} PMI W5}
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Table 3. Copper equivalent thickness of alveolar bones classified
by femur neck T

ol¥HE

Table 5. Copper equivalent thickness of alveolar bones classified
by trochanter T

Area Fneck T MZSD(N) F Pr>F Area troch T M=SD(N) F Pr>F
Tn 0.15+0.05(20) Tn 0.15+0.05(24)

#14-#15 Tpe 0.1420.03 (30) 0.350 0.70 #14-#15 Tpe 0.14+0.04(29) 0.65 0.520
Tpo 0.141£0.06 (13) Tpo 0.13£0.05(10)
Tn 0.21+0.07(19) Tn 0.20%£0.07 (24)

#16-#17 Tpe 0.20+0.04 (30) 0.402 0.02 #16-#17 Tpe 0.20+0.05(28) 397 0.020
Tpo 0.14+0.07(13) Tpo 0.14x£0.14(10)
Tn 0.17+0.03 (20) Tn 0.17+0.04 (24)

#44-#45 Tpe 0.161+0.04(29) 1.100 0.33 #44-#45 Tpe 0.15+0.04 (28) 0.7 0.500
Tpo 0.154+0.05(13) Tpo 0.16+0.04 (10)
Tn 0.20%0.03 (20) Tn 0.19%+0.03(24)

#46-#47 Tpe 0.17+0.03(30) 4.090 0.02 #46-#47 Tpe 0.16+0.04 (29) 5.86 0.004
Tpo 0.17+0.04(13) Tpo 0.17x£0.03(10)
Tn 0.28+0.07 (19) Tn 0.30+0.07 (22)

PMI Tpe 0.29+0.06 (30) 0.680 0.50 PMI1 Tpe 0.28+0.07 (30) 0.40 0.660
: Tpo 0.31+£0.08 (13) Tpo 0.294+0.04 (10)

Tn: T2-1, Tpe: 2.5<T<-1,Tpo: T=-2.5
M: mean, SD: standard deviation, N: number, PMI: panorama mandibular
index

Table 4. Copper equivalent thickness of alveolar bones classified
by Ward’s triangle T

Area Ward T M= SD (N) F Pr>F
Tn 0.1540.04 (24)

#14-#15 Tpe 004+004(23) 041  0.660
Tpo 0.13+0.05(16)
Tn 0.21+0.06(23)

#16-#17 Tpe 020+005(23) 643  0.003
Tpo 0.14+0.06 (16)
Tn 0.17+0.04(23)

#44-#45 Tpe 0.16+0.04(23) 078 0460
Tpo 0.16+0.04 (16)
Tn 0.194+0.03(24)

#46-#47 Tpe 0.16+0.03(23) 431 0017
Tpo 0.1740.04(16)
Tn 0.27+0.05(24)

PMI Tpe 030+0.09(22) 212  0.120
Tpo 0.31+0.07(16)

Tn: T=-1,Tpe: 25<T<-1,Tpo: T=-25
M: mean, SD : standard deviation, N: number, PMI: panorama mandibular
index

Apol g mleh 1E]la AAFRAME A Aot AT 5]
= Tn3} Tpow7}, 18] 3 Tpee} TporZtol H-2138t 2}bej =
ryom, stet OlFX 2= Tnd} TpeF7t, 18|32 Tnd}
TpoZ7tell §-2]8F A}o]& R} (P<0.05) (Table 3,4). o
¥ 3 AR (trochanter)oll M= Aot o) 72391 2} 3}t

TR fo8 ZpelE BTk AFEMT A3 A
o 723 E Tn# TpoZzk, 18] 3 Tpest TpoZztel +
938 Aol Byl o, et AR E Tns} Tpe &7

-~

Tn: T=-1,Tpe:-25<T<-1,Tpo: T=-2.5
M: mean, SD : standard deviation, N: number, PMI: panorama mandibular
index

o f2lgt xle]E BT (P<0.05) (Table 5).

Z thE5F9 T scoreol wa} Abe}l ofjFx]2]9)l 3ot o
F2) 897} Zh2h vAAAA e 5] (98 ol B Bylon
Aot AFARSE T w3l A3t Tpo=t Tn, Tped
2ol apolE mylow, stet dFA R AME TEZol
Wz AR 2k Tng Tpe, TpoZztel 2Fold ®o).

2 iE BUHE A4} gsEe
o5& dubg o2 estrogen M| AR
Fv}Z-% (postmeopausal osteoporosis)®} =
wQly FHTE, 7 9o O Sl o &
Foz yRe™ 49 A% 9
F4Al 0] 0]27]5]‘— 7kl glokm 04312:1
< HAA e FUEst Ayl Hy
o) Zoktel @et BaAUe] Asedel Fehm =
A% 24 7] Yo F2Ae] XA F543H4
ol XAAAIAM AFelstA ;{fﬂ:ﬂu}i 81937}, Gibson
TUBBe Foizzel YdAEx Fd, 4T, 5%,
A%F & B33 vt 9lew 539 Hun21ker =12.360 w7
A A ThAle] AsEy dFdsw AT I
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f
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3 & ‘

k%o S¥o] FZAL WArez AN A} 30-354)
7HA] HuA e FFE o|F3 401 FubA L 1087
4%, 40f41 ubo A 60 2RMZHA] 10849 oF 12%2] 39

= Z2E B9z slgen B AYPE ol 7|Esle
—g%* o] ?7}6104 HY o =23t n YAHE 25-354
23, A3 FeFo] AHE 35-604 &, 9 Frle o
3 @ FaAe] HAHNE Aoz JAEHE 604 o4
o] 3oz AFUE FFE F AL st 4
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HARAAR wee e FxAe] FARAM mdFHdeH
o) AF FUEE guiidn & £ YA F £A
7} yod AEAS FA7E FAE AeolEz otEdest

b

l;—e—c}anam »gzrzr 4 glem) A7k Wil E¥el Iu
o] AR Atz A4T 4 9ok & AT
SEES 1&%1 Aot TH 3917k Qeizel weh

AMAAR S = 2ol & Bga 53] 60M] o]Ate] 3 (C
DY AR =T Fe2E2ADFH FIEBDHY
A7} 593 zlo]E& Belvh. =¥ Panorama mandibular
index PMD = |3 wfe} 23 2ol Bom FH2>
Z2ADFH 2EEBDT #38 zlo] & By

FohEFe] A3E o FLFEH¢) AFEYE T4
A ool Aelstetn x1s 3 9w von Wowern F7¥
e FAFe] ARG RA} ot FAFE dFI= F

A3ty FaFRNE MAEE F2AA =S G ¥
} IAFL A F9FF A=l UAsHA e
X 3deh Mazess 2% F4F7F B F23L FUy
5 2714E vetied £AF2) gl YYs
7] dEell EHFFe oS WA Ao gx dEHE
A%t e AAF B9e F2AY FudAE =239
93 Bd vp 9lo Jonston §HME I 22

HAHY 2ABL pAFe] S¢S (tum over rate) o] ¥7
< 9T Pon see
Kingsmill $42 v}o|7} F7lell we} stetzo] U= w3}
£ ot A wEke AskA] 4ok st
2 APelA dFell mhE AR E3te W SlelA
53] At A9 Ax2Fe dFJAFH CE, BE
F CZ7el o3t Aol s BYEH o HL X2F v
AR iyl 2uss 27 dstede R
geie AS vepina A48k Aot g3 EejelA

a0l Lt AT

o

b A7 z2belr) Qe ol AFerEe) sletERn £3
Fo] FH37] WEoleln FEH ol dFt F7t AF
7} 92393 Alggch PMIE B & PMI $A7F A3t
ool 2l&fl Folgk xelE RHYARE Ao FIESF
PMI #7417} 2715} %) 15.2H Klemetti F7% ¥
gt AIE LR3I ol PMIE3y) (3 uhe
Midse Bs 2RRFA RV WE WA

2o sheeteh ALOIM gonion¥-sl & 23]
24 AxE HYrislr|= kA9t Leong 542 goniont:
A Al #43 Wde] HA E3dw 3o Ben-
son Klemetti o] ZAF AA ARE FFslr] 93
PMIE 43t edl 3let34] 7]*] 4 (basal bone)7} 2|z
FRH0 wls] QAT Fo) WHI} Aok Ade] 94
9] 7127} HAH

Riggs 522 23329 W AUFe] 740 &0
oF 50:50 Axolx, EF AFE °—F 25:752] ¥]E= A
o) H)go] om, Y IHARLE 50:50, Ward trian-
gle- 9= of 90%7) slHF= :IL”E]"] S Sl A

Uitewaal® 5-& 470 I8 2 AAlA e
AR FAHF] AR FAL vld o & F42F &
2F (trabecular bone volume)# F4AF ZHA "X (trabe-
cular surface density)E& B.Qlth1 sl o).

E A= ool met 23, HEF AE, HEZTA
AFE Ward triangle -9 2] T score® 73t t}-&
T3t Zhzhe] Rl A T scoree] whE AxFe WAM
Z3}59} PMI 2}o| & BALEAMEIGTH 2 A At o3
2 R-29t stet A7 AEZ2 T scoreol] 23 |
LA F3=2] o3 ol & nglon Aot AR
A= 53] IohgFol Ad A (Tpo)et 1¥A 42
(Tpe, Tpo)Zhell F2 8 AT A F3te Ao|E BT
gt} AR 53] AL (Tn)d I3 A=
1% (Tpe, Tpo)Ztell F3t X TRARA E3lx Xfo]& R
ddch o e setzo) JetEuct 27 Fustel A7
s dhgatole e vehicn A2Es, 94 da
Mazess 5 Jonston 5449 1 &3} §Alsle} X2
WA FEEs eXuchs AHFS) T score (A EE)
735, HESIHAR, Ward anglef-$))ell 2f3] #2]&t 3o
2 ¥ o™ Panorama mandibular index= @3} HEZ
9] Tscoreol] &AM 2T Alo]|F RolA] osin. &
25330 YEZY FU=9) AxFo #AIARE3)
=ole] dRAde] EAF ey TS dEF A, AA
B Ward triangle 2.9 o= A83 Az 2T wral
AR EEL T fite] ZA F3e WA oot ol o

ol rué‘.>
romh e
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59 AT o] M2 dadeis M2 FUs
b MR e ARAAE Z3 7] HEY Hez A7
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= AAFTA TUxe d#AITGT BT A, Klemetti
F¥o) slebEe) ¥olrt L3 RO YET AR o

2T ¥ R4 olx A dX Foloh 2y
Klemetti 5129] 3}e}29] 942897} FoLFRIne}
AulA el FAAAE) AP gz NEFY T score}t
HE4% & Bl Y& 5% PMUL $203 Foj2 1
Aoty A7 W4, Taguch 5'lo] o) FA=e 23
o FU=s) WPo] Aokx ¥ W& 53 & A7 A
T AolshA vebde.

ol4e] A7 Asbsh o] AT AR} shweuiapal
& olgstel 2L Az YA Tz ste
49 942 FA7 29 vlwd Yy wAAE
BHARE FF o) FHAFSA S (DEXA)E ©]-§-3}od]
dUEE SV AFHAANHZ G QCDE
3t AT 44T 47t U= WsE 2R},
2 d7Asst AAAA B A= Friglesietn As
HA

H

4 £
2 QFlNE AAEFe) Fheke} HojAol =
= 47%E 2. 3541 23, 443 To] FAHE 36-59
A, FEgt ZaA o] dAlEE 604 oS 3Fez o
G wet ATAGE BT F 2 200 de Aaw
AbAl E3lx xle] 2 Panorama mandibular index (A Z +
A) Aol & BALEA SR,
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