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Abstract

Objective: To investigate the clinical effects of minimally invasive lateral fenestration maxillary si-
nus floor lifting and traditional lateral fenestration maxillary sinus floor lifting. Methods: A total of
26 patients with severe bone deficiency in the maxillary posterior dental region who were treated
in our hospital from April 2023 to July 2024 were selected as the study objects. The patients were
randomly divided into two groups: the experimental group received minimally invasive lateral fen-
estration and the control group received traditional lateral fenestration. The length of operation
and the perforation of maxillary sinus mucosa were recorded respectively, and the degree of post-
operative pain and swelling was evaluated by visual analog scale and facial surface distance meas-
urement. CBCT was taken immediately after surgery and 6 months after surgery, and the height of
new bone and the volume of bone graft material in maxillary sinus were measured by three dimen-
sional reconstruction technique. Results: The experimental group exhibited shorter durations for
flap dissection and bone window preparation compared to the control group. However, the experi-
mental group required more time for maxillary sinus mucosa dissection and bone graft material
placement, with statistically significant differences observed between the groups (P < 0.05). Nota-
bly, no significant difference was found in the overall surgical duration between the two groups (P >
0.05). No maxillary sinus mucosa perforation occurred in both groups during operation. In the first
3 days of postoperative follow-up, the swelling degree of experimental group was significantly less
than that of control group, with statistical significance (P < 0.05). In the follow-up from 1 to 7 days
after surgery, the pain scores of experimental groups were significantly lower than those of control
group, with statistical significance (P < 0.05). There were no significant differences in the height of
new bone and the volume of bone graft material in maxillary sinus between the two groups imme-
diately after surgery and 6 months after surgery (P > 0.05). Conclusion: Compared with the tradi-
tional lateral window technique, the minimally invasive lateral window technique does notincrease
the risk of maxillary sinus membrane perforation, shortens the time for flap dissection and bone
window preparation during the operation, improves postoperative reactions, and achieves a good
bone augmentation effect. Within the limitations of this study, it can be considered that the mini-
mally invasive lateral window technique is an effective and less-invasive method for bone augmen-
tation.
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BT RGBT & RS9 Z 2008 10~15 mm, &ZZ09 8~10 mm [2]. AL GEMEETT T AR AR AL
REARG W] G4 32 Vi o S BEAE T SO R b A HE A BRI, i BE AT 40 B RS A A LR
PESTHE DUHRAIE R B g SR (K s 77, (RIS e 0% B 4 PR 1) B RS MR AN R AR AL o SR, D 1 BB b
TR HMUEBE, &7 28 0 U BE T B 3EAT TR o Pariente er al. [3]AHIR & h3R 0 7 —Fh
TR 2 Eai SN B BE i T it RIS & PIAS VS BOR ZE R LA SE IR R TR, 45 REHTIZ A
LRI AR B B ACR,  HOWUH & B T SR B 2 5 B R i BE T AR D 3 AhE
S IR BT SO T BRI L 4~5 mm (VARERIR I H B R A BB R A E 1k DL B OF
FOER LR [4].

SRT, AT SR = i BT T L A SR S HR TR A% G M BETT B 8 S SRR T AX LU P i A 1k BA 31
WEFt. Dk, AHEFics 17 EaUE 2 KRR R EA SRS, 2 R BT AR UL 4T & AR
X BERISMETT & _EAUSIRSRTHAR MM BT 8 AR S A LG0T AR, 4T AR, &
B AN I RORE VAL G ] P B S 5 T A 1 EAT A RCR DU Rl BT L A SR I HR T AR A i
PR St 225 ik 4

2. BREF®
2.1. HRIMHR

ARG ZRIERIR A R R PR 32 2 A fE (G5 YX2023-157(F1)), Il & kKR
BB A R . JEE 2023 4F 4 H & 2024 4 7 H AR LSS R 28 e BB R 52 55 Bk = B
B ESRATE SR IE R B

PNIE: © ERUGFEE >3 H: @ EAUEFXEEPEAL, RIRKTHEE&E <5 mm,
FRAXFIH; @ AR AR REE M, @ £ >18 5 G ZFEMEFRET.

HebrtrifE: © fFEE RGN, TEMZTARE: @ RZEHINT KL @ KLIEHBYT LA
R @ RN 2 © HEWMEHE(ER >20 %) © KMAHEE.

A TS ARG IT, 18IT G * Power3.] BAFATHEAEITHE, ®a=0.05, 1-4=08, H3F
PAREARE n = 10, AR B IR BRI B R Vi S5 I S EREAR B AR L, REFEARRLTE 3N 20%,
AR AAN e AT D IR R n = 12, BPINKEZBENL D AP, X564 R A Gt i B 7 7
AR RARTEAR, W REZH R AL o BE & LA KR TR

2.2. FRREE

2.2.1. RENER

BT A R AR 38042 52 11 s o R 25 B e ARA 38 488 CBCT, VAl 8 HAE 7 X R T f i =
TR LA R LR K A B R A A AT, DA AT E A B SIS

ARHECHEH 0.12%5 CE SR &k 3 8. DM EEM, RXATRMIRIERE . Fra TR H
[F] — 44 I R R A2 58 o
2.2.2. FAREBE

(1) BRIG: WFER I X F RS TKFU) T, 3 A48 4 S 1 25 B 01, 4 2 BT I DL 72 4y
TR DAUERTAMIEEE . [ DASK 4 S TE L ASERTAMUE BE LR B R — AT B, B N&AL
TSE EJ7 3mm &b, B & EAL Smm, WA DASK EATSERRTT THE T H SN, Wk 1A,
S RS RO T 1 2 m) DY SR 0 58 A SE R, Bl 5 450 FH R S22 I S B 2 AT AV SERE R R L )
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Figure 1. Surgical procedure. A. Preparation of bone window of experimental group; B. Bone graft material filling in experi-
mental group; C. Preparation of bone window in control group; D. Bone graft material filling in observation group

1. FAEE. A REEBFENHE; B. WNEASHBEMHRE,; C MRABTENHE; D. WRASHEMH
FIE

(2) XFHEAL: WR S XF RIS TIUKF-DIF, 3z &R 5B 7 s E I D) 1, AR R O, 78
e e L ARUSERT MU BE o 3 ELAR L) 2 mm (@ WIRS/NERBEE L ARUSE T AMU-E BE_E I AR A E AR
ERRFRIAG W g S, B N ESURIR LT 3mm, B E TN 10~15mm, &N 8~10
mm, I 1C. BEREGEER T, EE & LG RECE YT, A LS R B S w5 N O
FI B R AR, KT & B PN HEN B ASE N BT AR T LA K RS R A SE B
FESRTH BRI T 7 2 BIEN Bio-Oss H A7, JT &AL i Bio-Gide RIWRUSCIZ AR, A1 36 B,
FEEE R a5 6 .

2.2.3. REFEHET KM

ARJEEMRGUEZR 1, (FH 0.12%F O & SRS, B H 3 . IREF SIS 1508,
WRRIZNEE, FATHETIAERS. AF 1. 3. 7 REL, BAERXEI DR IFEM S8 AR R
RIFRRE, 14 RIGHREREEL. RIGHZI(THS ARG 6 H(T2)#tk CBCT #4%, MEARX FAusE A HiEE &
JE KB A RMAR R

2.3. YEIgHR

2.3.1. FAMA
FARENKACFKIE T FEYIF, 1L TFESER., WA AHECEARD RN, BEH&. B EAEE
Zh L DA RS S Ry S TR BT RS TR], - DA Bk o AT o

2.3.2. FARSERESETLE
AR P T R S A IO 5 S 2 A 1 R TR T A 0 R A T L S e I S A AR AL
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FERRIE A GBI %] CBCT LA S Y2 75 BT gt — 2P i\ L A S2 R i) se B 1

2.33. RERE

FARATEARSG 0. 1. 3. 7 R 5 22 (visual analogue scale, VAS) M [ 75 il 0y Al 7 & AR
JE I MM IKFEE . VAS ERANKEN 10 om HAr A ZI B LB, 0 cm ATEAEAH, 10 cm AHELLEZ
BT - 0 I B3 T A B AMIR A ) B EE (D), DAL O MAEEE FER/KPFEEE (D). LFARRAT
J T S R B ZE (I E ARG KR L, BIRJGIMIKFERE = (AD) +AD,)/2.

234, LHSERHEESE

7E T1 J¢ T2 WK CBCT b, 730l i B DR 1 S O MR T 228 S A He i AR (o7 ot U 2F A g
T8 b A S SR H T AR J5 3 T R ) 32 S 1) 1) 2 LR B B AR S T FH B s e b RsE N T 3 B 1 2 (Endo-
sinus bone gain, ESBG) A Ji5 #7552 S AN J5L 46 SR 1R )i v B o Fl TR 5 S AR D s 552 RS PR o7 8 70 DA
Wi, PRIAHIE Tt LA G o) BB e B 5 R A J A 2 R B v P 1 22 (B 7 b 32 BT 1S B v

2.3.5. LASEAEBEMRER

AR EASE CBCT B4 537 5\ Mimics 21.0 =4EH @M, @A SAEN LSty 78
Geomagic Wrap 2021 A A S ARAT S5 ARG EASERs A AT LA X 55, I8 A /R A 8
Z RS G EI ARG B A R, JE U AR F (Bone graft volume, BV).

2.4. GiHESW

it SPSS 27.0 HEATHE T, FFEIESAMTHER R UL Y £5 %R, AREEBCRA t % oA
[R50 AN R e 16 e 2 R0 1 MR P R R T 20 # s WA A I T BORL R DA M (Pas, Prs)3R
N, AR EECR ARG Y TR DRSO G 70 bR, AR EEBCR R U558 Fisher D)L
Fik. P<0.05 NEFAAGU¥E L.

3. 58
3.1. BERHEN

RHIFILIN 26 283, HRRA It 14 L83, 19 DAL, SRAESE 12 L8#F, 19
ANFREAL . PALEE ARV R R S IR R e BT T W R ZE (P > 0.05), HAT
Fetk, WA 1.

Table 1. Basic patient data [n (%), M (P25, P75), X *s]
1. BE—IRERN (%), M (P2s, Prs), Xx£s]

FFAE I 2 o & 21 2z P
531 & 8 (57.1) 4(33.3)
1.474 0.225
% 6 (42.9) 8 (66.7)
R 57.64 £ 11.04 64.58 + 6.36 —-1.997 0.059
Al 7 £ AT 1(5.3) 2(10.5)
FBF 10 (52.6) 11 (57.9) 0.770 0.795
BT 8 (42.1) 6 (31.6)
RBH 3.94 (2.51,4.73) 3.80+ 1.50 0.423 0.672

¥: RBH: RIRAMHE A W4l MEIFaARNA; Wldl A5 EARK; P<0.05 REAAGH AR
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3.2. Rep ARt

A, R0 B S T T BT N K R T R, 2 R B SR (P < 0.05); AR, R
Hh S L A S R RN MRS e A (1 T R R A BT RE R (R30I, 22 R B Siih R (P < 0.05);
EPFFAR AT ARSI K IE 2 2P > 0.05), W4 2.

Table 2. Comparison of operation time between the two groups (min, X +s)

2. BAEEFARELRmin, x£s)

FARET ] R of B2 t P
B b 4.00+£1.11 5.08+£1.38 —2.220 0.036
il 46 B T I 343+ 1.16 12.33£2.43 —-11.636 <0.001
S ) 11.43 + 1.60 533+ 1.30 10.516 <0.001
TS H N 13.29+1.73 725+1.14 10.314 <0.001
FAREBK 40.79 + 5.94 41.75+£3.86 —0.481 0.635

e wIedl: WMEITEARR, WA LFITEARNA; P<0.05 B BASHAE L.

33. FUSEREFILE

AHEF 26 44 B A ERIR) 7€ B BE T 5 LA SEIRIR TR, P g R R A Lan s g e fL, i
PAZH B 1 LA SE R R 2 FLER N 0%,
34. RIERM
3.4.1. RiGPEIZE

FEARJGHT 3 RAEES b, 064 H i i e KR B 2 B B 4 T e R A, 22 R HA G243 (P < 0.05);
ARG 7 RE, WABE MRS R M, WARHEPIMKEEE, ZERLHEIT¥HE P >
0.05), s 3.

Table 3. Postoperative swelling degree of patients in the two groups (mm, x %s)

3. MARENMARGEMHIKERE(mm, Xx£s5)

A J a7} 8] (day) RG24 ot R 2 P
0 2.14+0.97 3.06 £ 1.10 0.033
1 5.84+1.59 7.90 +2.08 0.009
3 2.75+0.96 4.02 +1.09 0.004
7 0.41+0.37 0.52 +0.51 0.530

Ee WA MEDTEARN WA FFITEARN: P<0.05 B EA SR

34.2. REERIEE
EARJGMUR, PHEF PRI T EZEREP > 0.05); HERE 1 E 7 R, K EH
RIRTE A 1 B B T X IR 2, 25 R B Goit 2275 (P < 0.05), W1 4.

3.5. FAASEAEIEESE

I T1 B ESBG 24(10.75 £ 1.85) mm, T2 B[] ESBG JH(9.86 + 1.74) mm; XfHEZH T1 B [ ESBG
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N(11.35 £ 1.90) mm, T2 i) ESBG 4(10.38 + 1.95) mm; fEARJG ARGV, #4LEE K ESBG tb
5, ZRBILGIHHE P >0.05); (£ T2 N AH4LEE K ESBG WK THA T1 i, ZREEgHHFE X
(P<0.05); BARMAITE AR T1 £ T2 W ESBG 2L BIRL TG T G AR, ENHAER LS
S (P> 0.05), 1 5.

Table 4. Postoperative pain scores of the two groups of patients (x £ 5)

F* 4. MEBRENRERRBETI(XLs)

A J W5} 8] (day) RI6 2 ot R 21 P
0 3.73+0.51 3.86£0.35 0.461
1 2.74+0.58 3.40 +0.31 0.002
3 1.10 +£0.35 1.48 +0.28 0.007
7 0.00 + 0.00 0.12+0.11 <0.001

Ee WA MEDTEARN WA FGITEARK: P<0.05 B EA GRS

Table 5. Comparison of ESBG in different follow-up periods between the two groups (mm, X )

# 5. FAEEREFEREHRTHAR ESBG Xttb(mm, X +s)

ol Xt AL t P
T1 10.75 + 1.85 11.35+1.90 —0.977 0.335
T2 9.86 + 1.74" 10.38 +1.95" —0.862 0.394
A 0.89 +0.26 0.97 £0.29 —0.859 0.396

i "SR T, P<0.001; WRIG4H: MEITFERN; SHHAH: LaFERNA; P <005 HEAESITEE L.

3.6. LAASEAEBEMRHFR

RG24 T1 I BV 4(1327.33 £412.55) mm?, T2 I BV 4(1190.17 +£373.11) mm®; XfHiZH T1 I BV
N(1618.42+557.38)mm?®, T2 i} BV A(1443.72+554.01) mm’; EARGARBEVH I, WAHBEK BV Eb
2, ZRBILGIFE P > 0.05); 78 T2 WA EED BV WK THA T, ZRHEARITFEXEP <
0.05); BRI &AL T1 2 T2 B (1) BV BB TS AR, (HHZER LS8 (P>
0.05), ¥ 6.

Table 6. Comparison of BV in different follow-up periods between the two groups (mm?, X s )

6. MABERETERETEAR BV 3tE(mm’, X+5)

IR it B2 t P
T1 1327.33 £ 412.55 1618.42 + 557.38 —1.528 0.140
T2 1190.17 +373.11" 1443.72 + 554.01" -1.391 0.177
AL 137.16 £ 51.52 174.70 + 42.79 —2.029 0.057
e "H5EA TR, P<0.001: REH: MEITFEARN: WHRA: FHFERK: P<0.05 MEAGIEE L.

4. g
FRE A RO\ [ S R 2 R R B B, X T B AUE FIX A8 B B L Rk, e
FFE ARSI T AR R B % 7 R[5]. G MBI 5 EARSERARTF AR M S DR SHBROR,  BARREIE RIS
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W FALET , (HAFERIT R, ARG R R BRI AEE AL AR X E D RS T TR, A
FARAE . ARG RS AR S5 B 16 5 RO S 4 B R RS0 LR BT R 5% ST o H AR I R O 2 5+
UbAh, FRECT REAR T 2R VRN S AR FL, A T AR R i I = g R AR G = AR AT =
B, BERTEOW R I /N B, SRR ROk T B R AL SRR R E

S AR T AR AR T B — N DB IR 2R e A R SR A AN R AR AL, AN B i R
— AR E A H B SE RIS W AR R RS R F AL, PR AEER
15.7%~23.1%[6] [7]. £ RBEZHELIF A2 FECE BB AR, 1K EaisEg, m&FEH
R ER8]. FANSERRI R Stk . RARSEFRINAFAE . SEIRTEA AR DL AR H W ERAR Y
RS BRI L E R [9]-[11]. Baldini ef al. [12]8F 58 & IR 416 mm x 6 mm) 54 HELL(10
mm x 8 mm)f{) ZF LA TR ZE R . A 58 10— T BB A 58 b R 8 B S R A 4~5 mm 74
RAEE HZEFLEBK[4]. BN DR, v DAE S 251 & I 8D S MIRb ERES 13 07 - 55 S 00 I8 %) RS
T AW AT F AR A — B EARG R B A 5E i, 2R R A i S IR 2 FL A R i i
EERIU BT b Al S B T AR AR U PR By, (DB 5838 AR A VPAS SR o I 4 B4, AT b R
HA R R PR R AR T3 iV 7 R TR

A FAFHFIAR R FAR QN LR EZS, (AR & A 0050 8 5 T0% B F K B B T1%
GIFEARN. HTMEITFERXWE O RSBV, RUL T BRI E RN, AR IR BT &
ARFEH ) DASK 4 S8k BEAL0N 6 mm, Bl T8 % B, WO AR AT 52 e L&, wlskd
BB EE I BB 5 P A R BT R M IR AN IE o (BT B R ST It B vk AR AL ET e a1 v
FELRIRR 1), DRI A 7 P B i 2 A5 1) SRS R M 3t B A S 78 i F B [RS8 K TR e R . (HAREE
THERSIIPE, FEERFE S AT R E BRI 2, BRI ETE[13]. HFREE
B, AT AME B R . ARSI AR RS . AR R 4 B A AR AT X AR R R K
FFAERG .

ARG KRR S T AR AR AR S B4, DR T AT 0 B Rl AR S S AT T AR S5
FERE KBRS N VAl o S5 AR FE 45 SR, AR 45 R BRI F G AR B EAERG 1| REIREH
7 REEVTHARX PRI R TG MBI WA, HAEREH 3 ROV, MEITF @R EHZ T
T 08 ek KA B2 R S AR AL S B JT 7 AR 3. Baldini et al. [14]f0—TBEALN EIRIE 45 5K BoR, BHETEH
(98N BE A A 808 F8 ARG R K S PRI DAV /N B 10 RS AR A 23 980/ D 1 REI G L, A
Tk — D> B ARG IR o A T4 e 55 1 B AE 0 B 9 AR 0 2 A 6 52 20 K v 36 i H 1L 2 I fieb
JARE[15]. BRIk, B PR S5 708 S I S S E 1, N AR AR S5 SRR IR T g AR 2

PR ST RE 5 3R 1F R AP ThRE I SCHETE T H 5 B BB U8 dsoe B 4 &, DR b A SB R S AR i
ARBCINH)— B BT EAR bR AR X T E B R SR R B R . ARG R ER, Lie&ma)
FEARNE LG EARN, EARGEIEIRG RIFAEE, FRAR Fas: o & 8 g s
BMARUCI R Z R . 2SR S5IEF M FIREATT, —S22E 00 T AR & R AR A J5 B &
i, GRBIARFIFE R AR G B3 &0 R 3 2 7 [16]-[18]. #R1fi Aldahouk et al. [19][IHfF 745 5 BoR
AN G RSHAER T i BTSRRI ARG R BB & . HRER 2 Aldahouk et al I 78 H A A &
MR, AT AR REAR PG T B BHEMEL, ATRe R T Gt & RS R J5 28 B 3
R . b SR L R R, TR b ARSERE T 77 R R AR A R A ) ML A S B R 4
HSRIR[20]. REAE T DAY M BCE R, (HEEZR AUl ReAE K, /B 10 53— RS T RE T it
Ry AR, [R5 O A K RS AR 221

g ERTR, P RS R IR TR 2 A, MBI AR IR RE RS AU AL G AR
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HIEACR . BRI TR ENACTT T2 22 5, AEREIIT 5 A 2T sl > B0 A& & ) 5 34
TFERS o BEAL, BRI B AR ST R A S K P R B e TAL ST B R EREERE, K
W TEAFAETR I IR R/ EUAR 5 RS I (BB (K R BR Yk o 53 4b,  ACHIE T 3 258 I 548 2 Bkt AT
BT, REEVHS ARG ST 7 BB B R, RS TN A 0 Mt — PR AN R & 1R
BEJT 2 b8 SR HRTH AR 5 R 22 57

SE K
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