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Abstract

Objective: To determine the release site of knee pie-crusting technique by autopsy and analyse the
safety and effectiveness of the pie-crusting technique based on this release site in the arthroscopic
treatment of medial meniscus injury of the knee. Methods: Anatomical experiments were per-
formed to obtain the basal data of the medial collateral ligament (MCL), posterior oblique liga-
ment (POL), and the horizontal distance between the posterior edge of the MCL and the anterior
edge of the POL at the joint line, i.e., pie-crusting Safe Distance (PSD), and the horizontal length of
the POL at the joint line, i.e., pie-crusting Operation Distance (POD), based on cadaveric anatomical
measurements. The PSD, POD, and the PSD and POD in combination were used to determine the
knee arthroscopy pie-crusting technique’s release distance. For the clinical trial, 60 patients with
simple medial meniscus injury with medial compartment stenosis at our hospital’s Department of
Joint Surgery were selected for arthroscopic surgical treatment from January 1, 2021 to October
31, 2022. The patients were randomly divided into three groups using a random number table
system (RNT), with 20 patients in each group: pie-crusting loosening POD treatment group (Group
A), conventional loosening treatment group (Group B), and the unloosened treatment group
(Group C). The incidence of medically induced damage to articular cartilage before the end of sur-
gery and the duration of surgery were recorded in all three groups. The Lysholm Score and Visual
Analogue Scale (VAS) score were used to record and compare the knee stability of all patients
pre-operatively; at post-operative 3 days, 7 days, and 6 weeks; and at the time of the final fol-
low-up. Results: The POD was 15.70 % 0.90 mm. Post-arthroscopic complications were significantly
lower in group A than in groups B and C, and the operative time was significantly shorter; knee
function and symptom scores were reduced in all three groups in the short term after loosening
operation, but were well restored in the follow-up time. Conclusion: Based on the POD release site
of the POL measured at autopsy, performing the pie-crusting technique can effectively treat me-
dial meniscus injuries with medial compartment stenosis of the knee, thereby shortening the op-
erative time, reducing the risk of decreased knee stability, and decreasing the incidence of medi-
cally induced articular cartilage injury.
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1. 51§

Fo R KRB o MR RATIRAR S K3 W S BUBR ST A TR) S8 7, TR 0= H AU A 42475 X
Br[1]. EAMRSE BREERIZE, IR W RTTE TN FARIGIT . (R I 28 J i i A
FE T AR I 37 T 2 5 ARSI R o O A Ah s R T T AN R B 5 R X — A A
Pie-crusting F ARAMEAFL AR —F, 53] THUMNH([2]. A 253 Pie-crusting £ A E.45 4 4R R 95 B )
SAASKIITT R3] TR N =8k, ZHCAEEEE 7 oM AT . (EbAiA iR T7 i
A, IR AL B G &G SR ST R BRIV 5 . IR AR B VE P RRAE (4], AP E TR X
e e e PR AT BE 5 M N B #)71 (medial collateral ligament, MCL) AN 24 FA i S 2 H MCL #43 BL 58
ERTAHIR[S] [6] (7], PIULIRATINS Pie-crusting BEAR MIFA MO HEAT #E—2DIRFT, I P AARARSII &, ik
T EEAEFRRE ST REMEM MCL, & $%J5 #H)3 (posterior oblique ligament, POL)ENAAfE H #%[8] [9]
[10], e HALRAT L L RIRA AL, i I8 I PR S 36 x FoA Rtk e 22 e AT 0 A

2. HENERE
2.1. —HRFER

FURIIEE . 10 FIAR R ARBE S E 2 < 3 FIH A AR AE I RN AR A (RS 31~67 %), X
T LA RO W T, WA e . R BRI AMRFFEART). AU, M. BREE. BASAENL. Wiibs
FREE. AR . EH 2021 41 A 1 HAE 2023 45 10 A 31 HE BT E — NRERSTIAMENGE 1
60 44 R 57T PN~ R A4 1 P00 8] = 8 7 FR 0 N (60 BIRR SCTY), LR 55 33 il ik 27 . RAIBE
WU RN 60 4 BEBENL > N =20, BN 20 L& R Pie-crusting FAf# POD V77 24H(A 41). &
FURARIGIT 4B 4)FIRIAEIG T AL(C 4l). A TP 10 4, P10 4; BABME 144, Lik64; C
HINE9 4, Ll 11 2. #IE KPHEACEEZR 01 2 R W s 5 A B BV TT J7 R UL KA, BT g 1458
BHBRIRET, BIT T RARBE R A itk

PANbRE: O R <55 %5 @ AHT MRI $&7sF AR R T AIE s @ ARATIECTT AR R
JEIRBAYE: @ BT ABIAE <57 & RAPSSHHEIRE Som I a ELESMER ) T R IFRIBR/NT 5 mm.

HeBRARAE: © RIS A77E P00 1] B 5 BH 44 LA A ) AR A7 398 B Bl 4473 > 1T £ (Outer bridge
SE); @ BEASCTTFAREL: & KT K-L 4% >3 4.

22. ARAFE

2.2.1. fRHICLE

KHREFEFTFRNBEM 15°~20°, BRE NS 1-2 cm &2, RIS E TG ) 12 i 18 1)
(PR, VIAKEES) 20 om, 5643185 KT 605 5 B AT #2565 5 Al 5 & 14 (posteromedial
complex, PMC), FH M35 tH MCL #1 POL, EAL NE| MCL #2 1k 5%, HHERE T 1k S odrid,
£ MCL Wi 1E s 2 & MCL =M S REAT S KB 1) WSS )3 5 42) POL 5 MCL
A2 1k 5 DA BB Wi b SR A B BR(Medial epicondyle, ME)-5 N I LES 15 (adductor tubercles, AT)JF:H
Bfkbrid. AR ROE 05 MCL BB 55 96 B2 DLAGES LE i 5 P A i VAR 35 10 BE 29 45 i) 240
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Guik MCL K4 LA FEFE . R BIFFHMIEIL S8 hmd th oG 2k, W& ME 50 RN EIE . HEREHR
i MCL 5 POL i TR PFIAT 45 5%, 4 nlll&E MCL A2 T XK PRI E, Bl Pie-crusting
2242 5 % (Pie-crusting Safe Distance, PSD), 5 POL T RTZkAbAITEE, B Pie-crusting 2 fRFE 2
(Pie-crusting Operation Distance, POD) (/4] 1).

W B A, B C NMER DB EREERA, B D. E. FASEEKERA: B A, B. CHh4mS5N 1 M2 KGOk
£ 548K MCL 5 POL (W2 &, 58 3. 4 TREGEREI Z RIMEER A PSD, 4w’ 4. 5 IR GERE Z MRS N
POD; KW E. FH4i's 1. 2 MEREZAIMIEEE N PSD, 45 2. 3 HiBREF Z (BIIIEE RSN POD.

Figure 1. Anatomy of the knee
1. BEXTIRRA|

2.2.2. KRR

FARRRTHE R . TR BT 32 TJ B ITE £ 38 A 3R 1 I 2R 28 4 24 HE B i e ity DA B IR | I i 5 6, FHEAE IR
i RO, ARt ME 5 TT &EMEbr&. SIS S50 pr 3 ZdEbricd MCL #1 POL [ 14k
Hl B, FEESEHT 285 MCL Ml POL (2SI AMARIE PSD 5 POD. A #4195 A 1E POD AbiHEATHARR, B 4%
N HE T BENTARYE S IR R 2R Ab AT FA R, C HUR AAMEA R B, = SRR ERE S
PRSI A T8 LT AR AR 12], 48 F (1) M 28 0 B N 10 Ab v 4 4 J 4 P ST B ER B e 45493 21 H BG4 T 4R
o EREIROCHTJE Ml 20°HMBIRL 7 T PRED VT AL P [A] 202 78 R RS o AR ) i o T JIE R s I A, G 2R
KT GER I TOVE TR BT I AR M1 AU R S PR 000 5 1 TR B A

FAfRARAE . A HBETEITTBE N T Pie-crusting AARERAE . EREIR ST E H 2077 DUE & SMEIR. 77,
T POD ] 18G &1 SkikAT HANE NI AR, k%t POL AR L5 G, HEHELBEEL T
B, PIHE AT T 552005 POD AT M fF#3), BRI NMIE 24T IF(13] [14] [15] (4 2).

H: A B MRIARAERTEXLE, C i 1. 2 AR IETERCE 154 .

Figure 2. Arthroscopic view
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B B FH 1% Arican [7]0FA R T BT RA MR . C B E A AR . =M — & EJIEIMTFAR.

ARG . BTA FARTESEE V) VAT VPG A0 R) 28 0G5 0 BRI FR B, 124040 2 ot Shpa it
T St R R ) A4 0 1 8 ke D ARORE i e AR B A (1) 2) 0 B R Lk IS i AR [RE
FAREE, ZHEFASEFEEIRIRIT, ARG 3 RIFERI M EIT RIS 6], K57 KRB, A.
B #H £ b Ja M U S R S B 1 AN H[17]. SR EWAERE 3 Ky 7R, 6 i, RKIKFETRHE
H Lysholm P-53[18]5 VAS V473 AIVFAL RIS D e 5 AR B

2.3. GHEFE S

HEFR SPSS27.0 TSI AT, FFAIEA ARV LSS + FREZ(T £5)305, RAMOL
FEA O LSO U A R, R 2 K. % T OB S STMIRL)T 2 0B . P it 4
FPET AU R, 2= 0.05 RBAHE.

3. £R
3.1. @ sCIg

R SRIG I T 10 B BERIAR A, 10 BESRHTMALAR A (20 Mg, Bt 1044, Lrt104; &
i 10 1, A1 10 B)IUAS % TR FI S HO LU RN P> 0.05, ZREGUFE L. “WE 17,

Table 1. Comparison of anatomical landmarks between different sexes and left and right (cm, (X £5))

1. TR S AR Z BRIRRIFREITEE (cm, (X £5))

S Lk i P1H Vi S il 1l Pl

MCL #Z £ ME JE 10.80+1.78 10.51+1.84 0354 0727 10.69+182 10.62+1.81  0.095  0.926
MCL g5 TT BE & 31.05+238  30.67+240 0360 0723 31.03+234 30.69+244 0311  0.760
MCL K- 83.00+2.78  82.75+2.81 0.195 0.847 83.16+4.90 8323+509 —0.033 0974
MCL 5/ 1935185 19.05+1.87 0367 0718 18.70+2.83 19.00+2.84 —0234 0817

PSD fHES 18.84+2.84 18.68+3.11 0.124 0903 1845+323 1856+3.16 —0.079 0.938

POL 255 ME JE & 13.78+0.55  13.64=0.57 0.540 0.596 13.81+£0.38 13.61+0.69  0.795  0.440
POD % 16.06+£0.97 1534+0.71 1877 0.077 15.62+1.05 1539+124 0752  0.661

MCL 5 POL —# kg i 55 1298059  12.73+£039 1.155 0263 12.88+045 12.88+0.53 —-0.009  0.993

e BRI A A7 (medial collateral ligament, MCL): iF P _E#R(Medial epicondyle, ME); 28 &5 13 (Tibial tuberosity, TT).

3.2. IfpR3EIE

= EELIREREY . Hoh A IR 9.6 (6~13)NHBEVI, B 43511 9.8 (6~13) H B,
C HIRAF T35 9.6 (6~14) N HBEVI, —HBEVI A1 ZF LG %8 L. “Wk2” .

3.2.1. RpERMYEXHEREBRBAF AR E XL

A, B, C =HARFEREMEE B R A G 2B (P < 0.05), =4LF RN E LB ZE AT ST
FRN(P<0.05), Hrfr A B ISR BRIEVES > BRI (a5, C HF AR R HA
HEREBIRE . “WE3T .
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Table 2. Baseline information of enrolled patients

2. NHBENRELER

453 1% PERI(5/20) FERF, (X£s)) BMI (kg/m?, (X 5))
AN 20 10/10 40.65+10.13 25.80+£2.27
B4 20 14/6 34,75+ 14.33 2534 +£2.38
CH 20 9/11 38.05+11.44 26.10 £2.68
Giit & 2.830° 1.200° 0.490°
P1H 0.243 0.310 0.614
TE: BB N E, R e
Table 3. Comparison of medically induced articular cartilage injury (%) and time to surgery (x s )
3. ERMXTTREIRG (%) S FAREELLR (Y +5)
25 B IR R 153 03 (151/%) FARM (X +5)
A 3 (15%) 35.70 + 5.00
B4 5(25%) 39.75+2.17
CH 10 (50%) 45.60 + 3.00
Fit= 6.19° 38.44°
PH <0.01 <0.01

TE: R ONRIME, P fES

3.2.2. FAREG VAS o HE
B[] % — 2H S8 38 TR R O IR VE 0 A S 3B SR (F i = 335.997, P <0.001). S5 ARRTEFEE AL,

BRSPS R A 22 e A Seit 5 E SU(F = 0.040, P > 0.05).

Table 4. Comparison of patients’ pain levels (VAS scores)

4. BEEEBIEELLBR(VAS )

“)]_Ll,i% 47) R

2H 51 A #(n=20) B 41(n = 20) C #l(n=20) VAL P1E
VN 475+ 1.12 4.80+1.28 485+ 1.14 0.101 0.951
NS 4.65+1.14" 4.65+1.26" 4.65+1.09" 0.006 0.997
ENENES 4.05+1.15" 425+1.12 45+1.15 1.632 0.442
AR5 6 JA 2.95+1.05" 3.10+0.97 280+ 1.24" 0.505 0.777
RIKFE YT 1.85+1.04" 1.90 +1.07" 1.75+1.02" 0.277 0.871
F1H 96.368 169.236 127.269
PiH <0.001 <0.001 <0.001
2 [A] 4 F=10.040, P <0.961
H NN F=1335.997, P <0.001
A H AR F=3.812,P<0.05
TE: "R HHE S AR P <0.05, ZERALGIHERE .
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3.2.3. FARE(F Lysholm 74 EL B
WA IR 2 I s R BRI ) = 4 BB (MR ST Dh e S Ra e T /0 A 35 5
(F wn =1587.147, P<0.001). “W# 5" .

Table 5. Comparison of knee function (Lysholm score)

= 5. R IhEEEL i (Lysholm T47)

2H ) A #H(n=20) B 4 (n=20) C H(n=20) VA P{A
NGl 85.2+ 1.06 84.95+ 1.05 84.75+ 1.12 0.191 0.437
NS 88.95+1.05" 83.95+1.05" 89.25+1.12" 610.080 <0.001
NENIPN 92.05+1.15" 90.95 + 1.05" 92.2+1.06" 431.810 <0.05
Rz 6 JA 93.8+1.20" 93.6+ 1.47" 93.9+1.17 0.284 0.862
KIRFED) 98.5+1.15" 98.15+1.42" 98.3 +1.38" 0.352 0.800
F1H 726.345 932.631 323.259
PMA <0.001 <0.001 <0.001
2 [A) % F=26.202, P<0.001
AR F=1587.147, P < 0.001
A H B F=141.959, P <0.001
T TRAHIE SRR P <0.01, ERAGFE .
4. g

B A AR AR I6 T RRE 0 DL B B I R, AR S5 BiR 7 8 I AR5 AW & B A
Mo LN B S5 R R N I A AROS M 45473, Pie-crusting $ORMZTZE[19]. Pie-crusting £ 24— T4 €l
PRAETRE S A MIFRRE,  FCUNIRICTTANR(2] [17] [20]. (HER A8 & 5 P U~ A RS fh 7 T Ao
N, DI T AR 2 R A pr i 32 2] [20]

ER:IREATEs % N )Y e s S St W N AN .S N Al B 7€ SR AT AR VI DL 38 S VN 7 i
PSRRI RIRGE TE[21], AW FCR R W I ShBE IR fEAR TG 6 MRS BINE [17] [22].
Pie-crusting H AR fAE THAME H AR A EE . MRS Ambrosi IR TEHRATIE ST R 5 AG 5E PRS2 AR
XN POL BEAT Pie-crusting #:4E[8] [23], BEF MCL PG T EIRA A3 SO R OG5 et sg PO T B 1R
B, FIARERR RO R E N A A S A AT SO AT R IR 6] [24], FATAJYRH
FAMARAT I 75 2L AL EE I, JEH 28 %Xt MCL 4547 o

A LB RIEVEAS 5 R 2B AR = ALB S BT AR AR T 5 A, Ui W R g POD /b 1 BR IR 45475 (4 AT e
Horh B 4xF L C AR BRIEVE SR 5 A AR B AR, SRMIAR AR 10T A U - PIASFARAL I TRIAR C AR 4,
AR T Y H5 BB AR A AR AP RS, I R i s P e ) S B AR R I AORE 251 =L 1Y)
VAS P BORATEIA B T B, X458 28 14 200 A AL BT R4 MRG0/ . —41RJ5 5 1E] /U1 VAS
PO ZIZEREG AP > 0.05), KU TRMEIF RIS BEHREM ERARAE. A, BARH
(¥] Lysholm PF/MEARSE 3 K5 7 R HIUFFE, XL MIRAMEZ XTI A — @ i, R BEARRCT
FasgEtt, (HXMIELERIGE 6 JRE THIFHIWE, =4 RIKEEVI ) Lysholm W2 2R LG &
X(P > 0.05). A. B WALEE HBERT A B AR AL, HIERISHEAMOWETT, 257 855 ik
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AHI G L A SR SR R I GE T TN IS IS, AR AR E . BT IS, R
i SE KGR AE R o CEIRETT J] Bl T AL AT 5 N Se i 1 W0s ORR A, RO 17 RIS ST 3R B2 1
ML, RN T TR 53— MES BRI G FFAORE 9 Ja B A G5 M 45455

AW FCIET T URAEHIINE 2 POL [f) POD, FExtIL 2 e Ve AT RV BEAT 1300 . (H R TR 5 B v i
B, HAEAREANED, W T BB BT KIRE VG 5k Z BON A A P4l EE R i B e s
BB RIIERE R £S5 BT, NI A R I K EE U R),  DAIERAS SN 58 35 1 i

E&UH

B XK HRFE I ST H (31670956); VL34 E = i T B R T H (SF2205); E =T DA RHLIH
(202101); LAEEDBTE — NREFRIGKI 7E 0 H & FI(LC14); 7 5 RS B = B BHE R e 3 4
(KD2021KYZD21239).
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