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Abstract

The reliability of conventional cone-beam computed tomography (CBCT) in assessing new bone vol-
ume and microstructure following lateral sinus floor elevation (LSFE), using micro-computed tomog-
raphy (micro-CT)-derived true bone microstructural parameters as the reference standard, was in-
vestigated. Clinical cases undergoing LSFE with delayed implant placement were enrolled. At the time
of implant placement, bone core samples were harvested from the implant site and scanned using
micro-CT to obtain true microstructural parameters, including total volume (TV), bone volume (BV),
bone volume fraction (BV/TV), trabecular number (Tb.N), trabecular thickness (Tb.Th), and trabecu-
lar separation (Tb.Sp). Concurrently, preoperative or postoperative conventional CBCT datasets were
used to define regions of interest (ROI) or volumes of interest (VOI) at corresponding implant sites,
and Hounsfield unit (HU) values and derived bone microstructural parameters were measured.
Spearman rank correlation analysis was performed to assess associations between CBCT-derived pa-
rameters and micro-CT—derived true microstructural parameters. Results showed that preoperative
imaging variables—including Schneiderian membrane thickness, residual alveolar ridge height, max-
illary sinus width, and elevation height—exhibited no significant correlations with any micro-CT—
derived microstructural parameters. Overall, HU values from CBCT ROIs across different anatomical
planes demonstrated unstable correlations with micro-CT parameters; only the transverse-plane HU
value showed a weak negative correlation with Tb.Th—contradicting theoretical expectations for
bone quality assessment. Descriptive statistics revealed that CBCT-derived BV, BV/TV, Tb.Th, and
Tb.Sp were consistently overestimated, whereas Th.N was significantly underestimated compared
with micro-CT measurements—indicating systematic bias in CBCT-based microstructural reconstruc-
tion. Further Spearman correlation analyses confirmed no statistically significant correlations be-
tween CBCT- and micro-CT—derived TV, BV, BV/TV, Tb.N, Tb.Th or Tb.Sp. Thus, conventional CBCT—
without segmentation of residual bone graft materials or error correction—fails to accurately reflect
true new bone volume and microstructure after LSFE. Limitations such as low spatial resolution, large
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voxel size, and partial volume effects likely cause CBCT HU values and microstructural parameters to
deviate from true bone properties, particularly in the presence of residual bone substitute materials.
Future studies should enhance the fidelity of CBCT in capturing new bone changes without increasing
radiation dose—through gray-scale threshold segmentation, optimized image reconstruction, artifi-
cial intelligence—based algorithms, or multi-parameter calibration models.
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1. 5]

RS I X AR SR R A R K B SRR, FEGRAR A S S AL, BRI
PRE B AR AL B AR EVE . ERSEAMETE R M LR F X EH A BEA S EE TG EHA,
HEAR Al E RS BE T &, s i AR, IR SR S R AN B AR, T fE 2
PR AR QG % 1B B2 AF(1]-[3]. EIRIRSL B, FfhE B AR T AT 08 I R SO B AN
2 SRR RE ST, B 2 R T AR ST AR [4] (510 SRT, FAhE AR IR B A AR o B R X
WU — P B A SR E BAAMEL AL an 2 B R S R I B & 450, X418
PR B A B B ok 1 IRHE6] (7]

H AT, R IF BT Z 4 (cone-beam computed tomography, CBCT)[H BB =4 B R fe /s &6
AERE AR E A BRSO AL SO P R R AT SR J5 ARG 1) 218 % 7 . CBCT fef
B R REE S W ERUERIEAS KB X S () E ], 7R E T S H) E FR S Bl 5
HAHZEMER] [9]. BRI R, CBCT 78I & o 18 v B A & B2 S5 Ao Vi B 48 v U7 T A B
HERRTE[10]. 2RTT, IMIKMAE R II AR TR R B AL, B EHE. & /NG SO L& B
FEEEE VIR OC[11]. Bk, (UKEE CBCT o i) m% B R HIT B G & IX “ B R4F” , WREAAAE —
JE Jay R o

HRERE -AGEME, @E ARSI R BN B EGVEYNEIE &R T H
[12]o micro-CT HARKE S /313, GRS ot B AR B8 B/ REE . B/ N
NGEE BREEIR A S 2 [13] [14]. AHILZ R, HilIEK CBCT FIMRREOR A HFREAL, HIHKE(E
B o2 PAMBE . BAR BUN AR BRI 15] [16]. JUHAE EAISERR TR 5 5 i 1
B, TR E BRSO AR B SRR s AR, 3B CBCT HU B BUK AR AT Re it 2
M AN REVEERA X 73 LS A B 5 RS B AR 17]0 X — i EAE VPN E i SEER TR J5 i 3 B X I I
R, BFOMZXIAETE BTG & BRI RIE, S5 XA R RS F T R
SEH LA

T, ABFFELL micro-CT S K H EHEAR LM S EIE NS, i@ CBCT HU X
CBCT HE#MAHZ 5 micro-CT HLSHC A AHINE, R0 CBCT vF EATSESMETI AR G Hi A4
B AEMERP TSN AP B E CBCT A& 15 588 B S WL BB T g oL, Hdt— 0

il
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WHFTRERIRZRIR, NG SHEARI IS E AR RTIE T, W B GRF . SR IR E @ BRI
= CBCT BB I e I S (ke -

2. #EREFE
2.1. FAREIR

AW FEIE T LA AMETEAR A SE R B IR S S O REARBHR HEAT 70 RBE P EaR
BUR PR A BA L2 LAFIMETIR, JFTARE @S WET S EAEA . DR e L
BUSZAMETIAR . B B EBEA . RJG CBCT BV A R B SR A SRS micro-CT 774 AN T £
AU F B B IE 31 44, JFIRE RASRT I BT A K A B E IR, SR A R R EASEAMR T
ARBSESAFIHE, FEMAE PR TS IR AR OREA,  HI T micro-CT A 23T

2.2. ERASEIMRFA R B D HEARIRE

RAEE 1 Fs, 78 LAUSF X AR IE R E— 000, HEFImEm ARSI, BB Y R
M, 7oy kR LAISEAMIEE . Bl S S RIRD AT R RS MR R, N0 SRR X IR .
TERRAE R, il LASERE AL, TRERI e m DA, LSRR S S, BRME
BAMBHR RN LSRR XN, e RERE R, &, BTN BRI RS AL, R
2 ] W 4 A SR PR T 5K 7 — 1R A

TELE AR I B (A ARSESMETE AR JG 9~12 AN ), EHISME )Y 3.5 mm. 42N 2.5 mm FRES, Tt
R A7 i SR BT RE A (B-C) o I3 1T [ 52 A1 Ji5 42 micro-CT 4047 Bl Ji5 e FME IR Tl &, JFRENE
BZEDR 4mm MFAEE, RAGEEARE SN FARERG, BEEBEIRE, JHBd paln s s
KB,

(A) (B)
(A): SMETHENYIENGRCRE; (B): B SERFEA IR (C): PRASHIMU A GREA.

Figure 1. Surgical procedure of maxillary sinus floor elevation and bone core biopsy sampling at second-stage surgery

1. EESEIMEFAF AT IR ZHI S BB S B A A Y

2.3. CBCT KERSENE

CBCT H TR EARSEAMETEARET . ARJFEIZ . Bl i S P 5 A [RIBY Be (5248 Bk CBCT nI Al %2
HEHARM B REGE . B E X RE AR, RS IR SR E AR BT 25 (0 2 BTR) .

£ CBCT K41k H 3DSlicer ¥ AR BAARBATECHE,  FFAEAR PR Al 17 €257 B AR 3 mm. K
FE 10 mm WREALERE, DURATRECRIE CBCT & X 30 5 i S FEA X 30 B o e BURR LA 1500 B RO BX
VOI, MEAFE T F HU 8, BFEERA . B A LKA HU (. F, 35T CBCT BUG ke &
MEEHIBE, A4 TV, BV. BV/TV. Tb.N. Tb.Th Al Tb.Sp (1[4 3 ffi7R).
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(A) (8) (€ (D)

W (A): EAESMETEARET CBCT FARAZEE: (B): LAIEAMETAGRIZ] CBCT /iR EE: (C): R 714H
CBCT @R % (D): ARJ5 22 ™~H CBCT @ik Bl .

Figure 2. CBCT imaging evaluation at different time points

2. CBCT FEIM B AGTf
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Figure 3. Three-dimensional ROI/VOI established on micro-
CT and CBCT based on the long axis of the bone core sample
& 3. Micro-CT 1 CBCT #RIBEE O AMEE A=
#E ROI/VOI

2.4. Micro-CT A R AL AHS BN E

B FEA R G T micro-CT 494 micro-CT HA B R/ MR, REWS ARt R /N Rl
TR Z00 A o AR IE R K SCE, micro-CT H4i /5 AT 3813 TV Density. BV Density. BV/TV. Tb.N. Tb.Th
J Tb.Sp 524 (W1l 4 FizR).

Figure 4. Micro-CT observation of the bone core sample
4. BHARR micro-CT MER

DOI: 10.12677/acm.2026.1662417

1975 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662417

HEhis, Pk

AHF TR micro-CT WIFF I LSS 14 2 B0 E S I JL S 8 I LS B A s W 1 2 FR bRt , TR0
& CBCT 8] ZE 4k,
2.5. GiiHES R

K H SPSS Bi[FIZR G TR AT 8. T E R A £ SrlEZERR . B CBCT 5 micro-CT
BSHHATIR S B )5 K Spearman FEAH S HriEH CBCT HU 8. CBCT #4542 %5 micro-
CT BB EZ AIAE Y. DL p <0.05 NZEFHA G5 X,
3. 58
3.1. RETEBETES Micro-CT EENEHESH T EZHEEM

HEAESEIGH T T 4 A CBCT M8 525 &8 5 micro-CT S5 M S5 2 18] (A Stk , 4045 A it 6 i
JERE . RRTRIRE . DAl g Tt m . Wk 1 g5 ER, FdEES TV, BV, BV/TV. Tb.N,
Tb.Th. Tb.Sp % micro-CT Z% 8] 375 & 35 A e 1

Table 1. Correlation between 4 variable data of CBCT and micromorphometric parameters of micro-CT
2 1. CBCT i 4 NEEHIES micro-CT MMHASZSHAIE XS

ME?CT AT ARy LSRR :ﬁﬁﬁﬂﬁ SR L@?ﬁﬂ
S BB RE L 753
rfd -0.067 -0.016 0.124 0.186

TV pfH 0.772 0.933 0.508 0.315
N 31 31 31 31

rfd 0.008 0.035 0.025 0.229

BV pfE 0.967 0.851 0.892 0.215
N 31 31 31 31

r i 0.069 0.141 —0.144 0.022

BV/TV pfE 0.714 0.451 0.441 0.906
N 31 31 31 31

r i 0.123 -0.023 -0.251 0.164

Th.N pfE 0.509 0.904 0.173 0.378
N 31 31 31 31

rfd -0.119 0.118 0.255 -0.208

Th.Th pfE 0.523 0.529 0.166 0.261
N 31 31 31 31

rfd -0.067 0.046 0.273 -0.173

Tb.Sp pfE 0.719 0.805 0.138 0.352
N 31 31 31 31

E: TV: AEEEFL BYV: &8 BV/TV: EEMSE; ToN: &/ EHE; Tb.Th: &/NREERE; Tb.Sp: H/h
ZIEIBR .t {H°N Spearman I REL, p E AL R, p<0.05 RREFAFLRIFENL, p<00l RnERA
HEEgitaE L.

XG5 RN, AEGARTTAR AR AR bR IR AT DLW AR B K i 19 B2 W), (E IR AN RE B2 Tt
EARUSEAMRTI ARG B UAEA A R SRR BB N R . BE 2, RIRE SRR, ST R R
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Tk ST T RN, AN DA AR I B T i B ARG (8 A T K T o
3.2. CBCT HU {E5 Micro-CT AL B G NSz AaEELY

BRI 4 4T T CBCT ANEJ5 M ROI B HU fH5 micro-CT &5 IS E 2 IR W& 2 45
BEOR, TIRML. T EAL AR, HU AE 5 micro-CT W75 TV. BV. BV/TV. Tb.N. Tb.Th & Tb.Sp
2 BB = B A . BT HU (A5 Tb. Th 235 7AEC, HiZtHxM 7 M5 “HU Bk s B/
PEERE . B R SRS — L, DRI DAVE S R EE A R R A B

Table 2. Correlation between HU-value of ROI and micromorphometric parameter of micro-CT

= 2. BSGBX(RODAY CT EHU E)5 4 CT (micro-CT)MMLASF S8 2 [BIHUAE L 14 54

micro-CT 23 GiitdEhs sERABL HU 8 HE EWTH HU 5 HEWrHr HU {H
TV r {8 -0.136 -0.025 -0.123
pfE 0.466 0.896 0.508
N 31 31 31
BV rfH -0.104 -0.01 -0.1
pfE 0.576 0.957 0.592
N 31 31 31
BV/TV rfH 0.102 0.141 0.112
pfE 0.586 0.45 0.549
N 31 31 31
Tb.N rfH 0.207 0.254 0.3
pfE 0.263 0.169 0.102
N 31 31 31
Th.Th r 8 -0.273 -0.293 —0.377*
pfE 0.137 0.11 0.036
N 31 31 31
Th.Sp r {8 —0.166 -0.205 -0.258
pfE 0.373 0.268 0.161
N 31 31 31

¥E: HU: Hounsfield unit, = [QEALENKE S ; ROI: BO4EBX IR, r{H A Spearman FAAHICREL, p B AWM
REER, *p<0.05 RREFREEHIE L,

ZE RG], il CBCT HU H A RERE I SE B et . JCIE LaiSAMET A, HIREX
S PN AT B [ N A BT A o B B S A R A LA 7, CBCT HU B BRIV 2 TR & HLVE R IR R N
S S AR, T AR AH A SN S
3.3. CBCT 5 Micro-CT MFREHESHEFEREREER

B J5 % micro-CT 5 CBCT MAF IS S HUIAT T #RELLE . W3 3 R EIR, WM GRS
£|f) TV, BV, BV/TV. Tb.N. Tb.Th 1 Tb.Sp fFfE 2 % . BEAREKI A, CBCT illf§ BV, BV/TV,
Tb.Th & Tb.Sp S HHEAK =T micro-CT, 1M Tb.N KT micro-CT.
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Table 3. Descriptive statistics of the micromorphometric information obtained from micro-CT and of their corresponding
volumes in cone-beam computed tomography (CBCT) images

7= 3. M micro-CT SRERIIRMMFSFE R RELE CBCT B3 AR R 5t 54

28 R 75 B fr RAE ®/ME WE
TV micro-CT mm? 39.7009 3.5107 13.1255
CBCT mm? 60.8676 10.8343 29.0193
BV micro-CT mm? 11.3405 1.2252 4.2042
CBCT mm? 41.2217 4.3975 15.2649
BV/TV micro-CT % 50.05 20.79 32.84
CBCT % 67.9469 38.7526 52.0967
Tb.N micro-CT 1/mm 9.4296 3.1312 6.2
CBCT 1/mm 0.7113 0.3278 0.5189
Tb.Th micro-CT mm 0.1517 0.0443 0.0765
CBCT mm 1.7063 0.5022 1.0313
Tb.Sp micro-CT mm 0.3419 0.0964 0.1668
CBCT mm 1.7431 0.5708 0.9496

E: TV: HUSAEEL BV: BAPL BV/TV: HAEBUEG To.N: H/NEHE: Tb.Th: H/NRJEE; Tb.Sp: &H/h
BB . micro-CT NEEHEAR D FFEMEE R, CBCT xR X Iilm R AR A 45 R .

X401 R, il CBCT fFEH WS EE TP FEERGEHIME. HT CBCT Z0) 0 #EREAK,
WA A G N BETCVE O HERR R s FIRE, BRI B B AR Rl B R 4 AR RN 1] B S8 5 A Ak
R R & Bor, WIS BN R i A AR o Bl =
3.4. CBCT 5 Micro-CT R WEEwS iz BT EZHE X

P2 R K — R Spearman FEAHSE /M L% CBCT 5 micro-CT MR RIS IS8, W% 4 45

REIR, TV. BV. BV/TV. Tb.N. Tb.Th & Tb.Sp ) CBCT Ml = {5 micro-CT M &AH 2 8347 &5 41
Ktk
Table 4. R-values and p-values of Spearman’s rank-order correlation between the micromorphometric parameters of CBCT

and micro-CT
%% 4. CBCT #A micro-CT BN FZSF LB 2 18] Spearman FEHEX 2 47HY R {EF0 p (&

BUEESH pfE r B iEESERA ZGitER X
v 0.184 0.245 §51EAHK TGt R L
BV 0.08 0.319 §51EAHK TGt 2= X
BV/TV 0.149 0.265 EENSVEPS TGt L
Tb.N 0.928 -0.017 JUFTeAER TGt L
Tb.Th 0.796 —0.048 JUFTCHHR TGt L
Tb.Sp 0.799 —0.048 RS WiES Pt = =9

e r {84 Spearman FAAHKE R EL. p<0.05 HREFAAGIFENL p<0.01 TrERAARESIEE L.

A RATE W CBCT REWS HEN S WIS s A, WL IAS 280N 5 micro-CT BA B m —Hik s =
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bR B H TR, BTTABF AL R ER =% 2 IS RN, B0 CBCT 7 - AiSSMET i
BRI, R A ST B N

4. ig
4.1. L@ CBCT ElskP REEEME, BEHEREENEENBR

AT IE IS LS8 CBCT 5 micro-CT WIS I &5 1 280k B, CBCT HU {8 /% CBCT H & i4
S5 micro-CT H LS HL 2 (R SARER Z W E M X — S5 B8R, £ LASEIMEF ARG R MBI E
X3, I8 CBCT MARBENS o i 3 5 X $ak 1) 2% (R V0 BB RN AR 3 T A8 Ak, (EAN R B e o B ST A i
Ji NG o %R IS BEAEE A0 T CBCT B % VA R PR ERIR—2, B CBCT K E(E HE™

B Wb HU M, 22 W &S5 M. B, vy R EgEm15][16]. Kk,
CBCT Wm0 % BE SR FLER AR AR i G B “ B 837 A7

4.2. CBCT HU {ElREeH A FREATRSHESEMMN

MIEIRFAEE, CBCT fE FSEAMEA ARG MIME F AR TS BRSNS M SUEfr. b
RIS I R I W SR AT BR AR S5 T I [8] [9]. SR, B EIFNECE BV R A BRAEWTFE48 H,
HREMUETETEE, SORE/NRBAE R A E AR 2 [ 1] [12]. micro-CT f¢
WER A W N AT E /ANRE K, BN RV B AR H A M B 2 TR [13] [14]. AR,
micro-CT 1EAS RFRAERE S TH B S S WU SR EAR N AL 4020 4, 11 CBCT 45 micro-CT Z [A] =
MM, PEUIE CBCT %t ) BV/TV. Tb.N. Tb.Th. Tb.Sp &S ¥ ER L5 micro-CT H1LL,
R SEPRAR A 5 B OUTFA B2 — S

43. TPRR BB EFRBNZE CBCT RENEZRFRH

AWFFEEE R, CBCT MARHIHE > B A ZHW & T micro-CT, T H /N EECR A5 Fa4m W 7T REAIG
T micro-CT. XFILRFHES CBCT 70 MR BUK LB BRI A 5% o micro-CT R LR B4R/ (157 A
H/ANREER, TMAEE CBCT BT ARBOR, M LAMER SR dm AL R R & /N . U2 NN Es Ak
TR—ARNK, CBCT AR HEE BRI LA, s E NRERE . B ARR e AR
HG RIS, G/ N /NG (8] A8 G T BRSO AL, 3 B0 /N BB N 2 R S5 A4 U T 2R F 18] [19] PRI,
CBCT X & M i B R 2 I AR BEHLIRZE, 1T RE A RGP 2= -

SR E B AR W CBCT MBI A BRI S —HERER. BMEMEE T Laiszsh et
AR, BRSNS A AERFRE IV BT, (BRI RIERR, A5 BN 8] Py 47 AT 78 1 2 X I
HHORBE[4]-[7]. PR A B BURLE CBCT LIEW BRI M B R, 5B X LLE M X 7). HEAHE T
BoR,  RRUSHRTIAR A G DO RN AR A TR B AR S Ry, AN Z TR L
7073 0] 56 RAFLE B B/ MAZE R [6] [7]. BHIG, CBCT HU A3 EA— @ REH A B BSE I, trThE
B W B B AR R A T

X RO I R T B B R S B DURYE CBCT A5 Hh - 485 82 DX JS 265 e 1 4 T B O B, T
2 Al ESOHT R, BT R R AL AR R A IR S VE VAL o ASHIE TEAE R SRR — RA IR
CBCT " UME N & X EES A0 TH, HARERGRIES D IR MRS EE RN E
BT SRR BRI, AR IR D, OREAT B A B 100 CBCT 5 # K& 2
H5 micro-CT BRI A FEAR 2 Mk Z Ra g MO il AR B BB e, AR E X W] g 4 IL B AE i
JRIY s T AL X N B 7% 5y 52 BB B S i R S L 17 o
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4.4. REMUESE: ERENESTIERNEER T RA CBCT ALt

Rl Aok CBCT ot & VT B SSGdE 77 1) AN L ] SRR A2 s A ) S el B SR A, 1 AR AN 3 o 2
HEES R AR T, Wl EUR EER S A B AR PR L S . e, RIS T KR A 1 B AR
MR BISRNS, KB d 5k A B M RRTREIX 4. SEIRZH O IF T38RI A Ya I 3 1)
CBCT MK FEAH 58 A i T AR AR A D, 17 2680 v A TR 3 L B W e e iy B AR I AR [17]0 ik, W]
FIF micro-CT BRALZRELE BAE NELSIARES, #57 CBCT Z¥0 5 HSUH A M 2 I R IERERY, i3
CBCT TEIGIR A TR E L S BT R . FR, N LR e IS o EI AR B 2% 2] S vl gk
—IBREIKE AT BORRFIE . 2SS KA FMEE S, SRR A s TR & B AR A
LXK, M CBCT & R &I I HER T .

KR RAAFAE— 2GR 1%, MPRFEILT CBCT $dli L ORI, FEABEAMMEIR, TH
ST RE . IR, CBCT KEMEZ W &S . IS HON E @ FR 8ok, A& 25 R E
TEEZR[16]. FIR, AW EZERSEE CBCT 5 micro-CT SH 2 MIMAHMERIT, WAL E
WL B AT Z4E500E . ATy KEEA R, BAEHZY . micro-CT & CBCT 2%,
RTINS E M RAAR S IR . JCI R — AR A E CBCT 44 B IG R RIE 7 %A1\ T
BRERIE 15, A CBCT TELRFHIFEST A 0 RIS, AT g B S s il b A s 3 T+ A Ja 7 A i A
Bk

g LR, AT R K, I8 CBCT AV Ll SEAMETH AR 5 8 1 8 X 48 7 1 2 A e AR AN E
B HU [HERMEMSHA R SRR RIS B, CBCT AR EAR. TR BN DAL S5 FhE &
R BRSBTS R N . ARIE I BRE > #) . RN T R 1554
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