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A comparative study of three repairing methods for acute Achilles tendon ruptures
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ABSTRACT Objective:To compare the outcomes of three methods for repairing acute Achilles tendon ruptures( ATRs) . Methods : Fifty-
six 5-week-old specific pathogen-free( SPF) -grade male Sprague-Dawley( SD) rats were selected and randomized into 4 groups,14 cases in
each group. After adaptive feeding for one week ,the rats in any three groups were subjected to surgeries for building models by sharply tran-

secting the Achilles tendons of bilateral hindlimbs from the insertion site, after successful modeling, the ruptured Achilles tendons were
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repaired by using surface suture (surface suture group) , point suture ( point suture group ), and transosseous suture ( transosseous suture
group) ,respectively ; while, the ones in the remained group ( blank group) underwent surgeries for merely exposing( through the same ap-
proach ) but not transecting the Achilles tendons,followed by sewing up the incision. At postoperative week 1 and 4,7 rats were randomly se-
lected from each group for measuring the ankle pain score,serum interleukin(IL) -1 level ,and ultimate load to failure in Achilles tendon,
moreover, the histopathological changes in Achilles tendon was observed at postoperative week 4. Results: D At postoperative week 1, the
ankle plantar flexion and dorsal extension pain scores were higher in surface suture group,point suture group and transosseous suture group
compared to blank group ( plantar flexion:P =0.000,P =0.000,P =0. 000 ;dorsal extension:P =0.000,P =0.000,P =0.000) ;the ankle
plantar flexion pain score was higher in surface suture group and point suture group compared to transosseous suture group( P =0.000,P =
0.019) ;the ankle dorsal extension pain score was higher in surface suture group compared to transosseous suture group (P =0.001) ;fur-
ther pairwise comparison in the ankle plantar flexion and dorsal extension pain scores among the rest groups showed no statistical signifi-
cance. At postoperative week 4 ,the ankle plantar flexion and dorsal extension pain scores were higher in surface suture group,point suture
group and transosseous suture group compared to blank group ( plantar flexion: P =0. 000, P =0. 000, P =0. 000; dorsal extension: P =
0.000,P =0.000,P =0.000) ;the ankle plantar flexion pain score was higher in surface suture group compared to transosseous suture
group( P =0.044) ;the ankle dorsal extension pain score was higher in surface suture group and point suture group compared to transosse-
ous suture group( P =0.024,P =0.000) ;further pairwise comparison in the ankle plantar flexion and dorsal extension pain scores among
the rest groups showed no statistical significance. @At postoperative week 1 and 4 ,the serum level of IL-13 was higher in surface suture
group, point suture group and transosseous suture group compared to blank group ( postoperative week 1;P =0.000,P =0.000,P =0.000;
postoperative week 4:P =0.000,P =0.000,P =0.000) ; At postoperative week 1 ,the serum level of IL-13 was higher in transosseous su-
ture group compared to surface suture group and point suture group (P =0.003,P =0.001) ,while there was no statistical difference be-
tween surface suture group and point suture group( P =0.542) ; At postoperative week 4 , there was no statistical difference in serum level of
IL-18 among surface suture group,point suture group and transosseous suture group( P =0.864,P =0.622,P =0.748) . (At postoperative
week 1 and 4 ,the ultimate load to failure in Achilles tendon was smaller in surface suture group,point suture group and transosseous suture
group compared to blank group( postoperative week 1:P =0.000,P =0.000,P =0. 000 ; postoperative week 4:P =0.000,P =0.000,P =
0.000) . At postoperative week 1 ,the ultimate load to failure in Achilles tendon was greater in transosseous suture group compared to surface
suture group( P =0.023) ;there was no statistical difference in ultimate load to failure in Achilles tendon between point suture group and
surface suture group and between point suture group and transosseous suture group( P =0.779,P =0.053). At postoperative week 4 , the ul-
timate load to failure in Achilles tendon was greater in transosseous suture group compared to surface suture group(P =0.011) ;there was
no statistical difference in ultimate load to failure in Achilles tendon between point suture group and surface suture group and between point
suture group and transosseous suture group(P =0.154 P =0.217). @The results of HE staining showed that,at postoperative week 4, the
normal structure , with tightly arranged muscle fibers ( without obvious degeneration ) and visible fibrous connective tissues( without infiltration
by inflammatory cells) ,were observed in Achilles tendon tissues of rats from blank group ;the moderately abnormal structure , manifesting as
dense connective tissue,mild infiltration by inflammatory cells and slight neovascularization, was observed in Achilles tendon tissues of mo-
del rats from surface suture group ;the moderately abnormal structure ,with increased muscle fibers,enlarged gaps in some areas, visible fi-
brous tissue,mild infiltration by inflammatory cells, and slight neovascularization, were observed in Achilles tendon tissues of model rats
from point suture group ;the slightly abnormal structure , manifesting as dense connective tissue, massive infiltration by inflammatory cells,
and slight neovascularization, was observed in Achilles tendon tissues of model rats from transosseous suture group. Conclusion: The
transosseous suture can achieve better biomechanical stability in repairing acute ATRs compared to surface suture and point suture , while, it
leads to greater trauma compared the latter two.

Keywords tendon injuries; Achilles tendon ;reconstruction ; animal experimentation

SRR A AU P UL, (RTS8 A A i e PRSI [l R 4, 309 R % IR IR s 3y
PRI RTINS 2 FEGRBERE ) TR A, ALY TR Ak MU (kS R R TR T
X R TE B TAR G B xR A FRAT TR RSk B T AR LB T 3 R
HARFARBIT NP AR RIS R AR TR0 PREURE Ik RO 2B B T SRia T ORI A i
RO EFARIGYT G B AR AR WA R



HEIEF2024 F£5 A %36 %% 5# J Trad Chin Orthop Trauma,2024,Vol. 36 ,No. 5

(% 335)-15-

1 R5E
1.1 SLzh#

5 JE#S SPF 2 SD KRR 56 B R (150 =
10) g, 0 F 7 DL AR (b)) AR A IR R sh el
ES: SCXK (52)2019-0010, 556 £ 7] B 45 H B= B v
ORI EGAT, KRB 4 H, 3 HRIRE oK, @
SR 1 RS TS . L0 R A R A TP B e e
Z G oW AR5 . PZ-HNSZYY-2023-006
1.2 XF 588

H 4 il 4 £ (interleukin, IL) -1 g ELISA RF &
CRIRAEY BE AR A RA ) s HE e a0 & (-
M5k A AE YRR IR AR s I L Z AN [ Pas 3 L fE
Har( B R A MRA ] s MR-O6A FEE bR (%
DIIE B A ) BT L B A BR A W) ) 5 RM2265 465X
G B B AL (Leica 23 7]) s KD-P 20235 AL (WL
SHETRRB AR A A IRA R ;JI-12) 254
ZUBKHL(RBUR AN F AR A A s BX63 HL gl
55 (Olympus 23w ) s WDW-100D Hi -7 RE 15 Bl
(Frr iR A A R A F) o
2 /&
2.1 HYsHa

1 56 N BUFR 5 & AR i i HE Y 4, ABE AL
AR 56 AN iESE 2 (i BUE RAE KRGS T
J7, B 56 BEYLEC T DNEIRHEY , BEHLEC T HEF
1~ 14 X5 R AR ERANAZS FIAL 15 ~ 28 S Ij 1) K BN
ANTHSE AL 29 ~42 XTI K RN A S 2 541 43 ~
56 XF N IR FRAN A ZE R B A2 A 4L
2.2 AMRBIESHNEEREE
T8 I MR TR A R S X TR A% A AL L S A AL B b

)]

()]
B2 KRSMRBLERHRERRES
TE: (1) ZRER R, A 1k AR B s (2) A BRI, G PIYT 15 (3) R A 4L o

T 3 2R RO i FBE AT e R o 1 T SR s A
HLARTT AR 4% 8 0.01 mL - g™ " ) 3% 3 B HE 24
5 R T SRR, BRI 2080 i R B AV e T o 52 56 15
b T DU, U /N B e B S T e B s SR S DA
B UK 1~ 1.5 em, BilE4) B9 BR e 5 v 1230
7o WG, THAE G AR T 45 1 B 2 B b
BRI , RIS 5% A WU T 00 , 2R I 5 R o s oo i 3
435 JE BBl R BR B vt B A7 o 4 A, (o BRI ity
B b SR T A 5 A5 A A R S A A T
B B SR, RIVASE (B T 1 [ T =, Se e
B 1k AL I LR e S T R, T I R T O
$or B ol U 0 3 R BT, SR T e LR v )
55 B R s R AR o A s R B g S A
SR P S R T8 4 A 1 5 2B B B T 0 A, D 7 1
TIVE 2 A PRI , 2 4% A 51 e o ad B e Bkl
TR Ao R 30T 3, i % 0 UL Y T e SR T
(E 1) 28 AR RUE % % 5 JRRBER S , # Eak Jy i
YIFE XU i iz, 58 4 2% 55 BRI AN B 0, SR 5 42 5 )
M. RIG&HKRBIY T L, A EE 3 d,
B L) 2T (F 2) .

I ]ﬁ%ﬁ

I \Inn

|

B rp R (2 5 48 5 LR 4B B AR, 2L AR X BN
SR , AR MIE PN O £ 5 BRBECE N RO R DG LR
Bl 3MIEREEIHRESEAXNTEE




- 16 «( % 336)

HEIEF2024 £5 A %36 4% 5# ] Trad Chin Orthop Trauma,2024,Vol. 36,No. 5

2.3 BRBEEEJRITENH

ARJG VR4 T, 50 5N HBEHLZEH 7 HREL
D RE BROCHY IR PF o0 LT TL-1B K- 3R d5e Rl
WA, T ARG 4 JaI IO BB 2H 2 kA 7 2H 2
FRAUEE
2.3.1 BROCHWPRIRIFIIGE SRR R OR BUBROCTY
PRSI M I K USROG R I , A4 B i
GRUES 8 (YN R R T A I P et S
HETRECE S, AL S — M5 B o BR OG5 9 P
41 B R RIS 5 W, B[] s 4 o [ 2 J5 0.5 hy
1 h.2h3hdh BEFEEERIES SR, BARERE
g < B BCE AR OR BRUBROCY 5 WU, BRIRIARR S s, KR
HE AR IR S0 ( 4 R 0 g [ B B R A A
IRAG BRI ) VB3R 1 43, TTROBEEST R 0 53 o
2.3.2 If3F IL-1B K E Bl RO BRUBR OG5 5
RIRSS RS 4508 0.01 mL - ¢~ ' DL 3% IR H Z AN IR
I SRR T R B, JRR TR 8 S 8 I 3 gl ik B, DA
2500 r » min ' B0 15 min( B4R 12 em) B EIEW
FEIRIL-18 ELISA 2G5 Gt W20 BN E 1L-18 7K,
2.3.3 PREECKRBIREAIE  ME L-18 /K-l
SESSHE , BBCE T v 2 R O BT M, RO BRUOSUA R
R, F R BRI 3 v 1k s )T O — R OG
WHLH T I R BIRE A1, 5y —MIER Gy 2R
THAURA S, 4% Z RV EEREE 24 h )5, %k
B BROCTT UM iy [ e s -0 BB AL |, B
PRSI 15 mm - min " {0 S ER R S T IR [0] F1) 287
2.3.4 HURAZUNBAIE BV HLE 4% £
RHEEREE 48 h )5, dl SRR 5 wm A5V R,
HE QL0 570062 WA P, Z ARG 1 i %
ZH R A 22 U N R F SO ARG 4 J] I Ay
JERE AR AT 4 S L4 AR
2.4 HEZIT

K1 SPSS21. 0 A AT B s ge it o0 b 4 4R
BUBR OGP P 20 | MLV TL-1 B 7K P | B de BB

AT 1R 2 [R) SR LB 38 2R P B R 3R 22 43, 4HL TR) PR
P LIS R ) LSD- K3 . A3 7K #E a =0. 05,
3 & B
3.1 BXPERBTS
3.1.1 AR 1 BSR4 AR RERLE
B PR VR AL SR LR, 22 [ YA it
SRR YL A G R R IR SE A AR G
R R S m T EHAH (MR P =
0.000,P =0.000,P =0.000; % ffi: P =0. 000, P =
0.000,P =0.000) , Mg 41 S 44 4 B OE 1T B
JEPR ¥ Tk ia sS4 (P =0.000,P =
0.019) ; &% A BT B PR 5 T 20 bk E
BELU (P =0.001) ; Hap 5 2 BROCTT B 8 R
PRI LA A 22 R gt L (R 1)
3.1.2 AR5 4 MBS IR 4 ARBIERSE
B E R VR AL A SR T, 22 R A GEi
SER ST A YL A G Y I B S A R G
VR MR I A T A (B P =
0.000,P =0. 000, P =0.000; % ffi. P =0. 000, P =
0.000,P =0.000) . [AI4E G 41 ER T B AR P
FTFRREAE S (P =0.044) s HAE S HM RS GE S
HBR T PRI Y8 T a4 4 (P =
0.024,P =0.000) ; HAY BRI B 75 AR T
ST AL, AR 25 I TeS e L (3R 2) .
3.2 MmiE IL-1B kF

ARJa 1 Ja 4 Jw),4 2HR BUATE TL-1B /K2 [A]
SRHE, 2 A G A H G
Lo RRESE S LT IL-18 K P T Bd OR
J5 1 J&:P =0.000,P =0.000,P =0.000; R J5 4 J&:
P =0.000,P=0.000,P=0.000), RJ51 &, 25k
EEESH MG TL-18 7KF & T 4E A A5 &
(P =0.003,P=0.001) ; [f]4% {3 41 RN s 5% 45 2L LT
IL-1B /K ZE R LG # i X (P =0.542) ., RJ5
4 JEIIF, AE G4 ARG A S EF R IE S S LT TL-18

Rl RE1BARRRXTEBTES

2059 R H BRR RS/ (% +5,4)) BRI (3 £5,57)
2 HH 7 0.77 £0.21 0.74 +0.26
maE a4 7 3.46 £0.23 4.54 £0.20
HEEAH 7 3.06 +0.30 4.09 £0.35
RS H 7 2.60 +0.36 3.65£0.29
F 1§ 80.443 110.265
P14 0.000 0.000




HEITEEF 2024 F£5 A %36 %% 5 J Trad Chin Orthop Trauma,2024,Vol.36,No. 5

(5.337) 17 -

K410 22 F ¥ G 8 X (P =0.864,P =
0.622,P=0.748) ., W3,
3.3 BRBSKEHIFHE

ARG 1 JE 4 JE 4 20 K BRHR A o KMl PR 2 for 21
LR R, 22 I Gei 24 S T A dl S 8E S
4 % 2 b T 4 A A I BRI S R IR A IR T A
H(ARJF 1 JH.P=0.000,P =0.000,P =0.000; RJ5
4 J&.P=0.000,P =0.000,P=0.000), RJ5 1 &K,
25 WK TE A A A1 BRI SR R IR By o T AE A 4l
(P=0.023); Mg Gl 5w dl FRIAE S AR
i Fe KR B far (1) 25 S B TR Ge i 24 X (P =0.779,
P=0.053), ARJ5 4 JEBT, 28 B 18 4% 5 410 R A B K
WeR A er o T HIAE G AL (P =0.011) 5 RigE 54 S mas

e R T AR £ A R e K IR AT LA, A () 2 S
PTG L (P =0.154,P =0.217) , W34,
3.4 RBAAREFVURER

HE QL2581 BoR, RJG 4 JAI 28 H 4R BLER i
P ERIE R WLET AEHES %%, A DL A Sl AR | )
A DL AEZE A 2R, R DL AR E A iR [ 1 3 (1) |51
BEGHR RER I R 250 b B S, S 4 B0
Al DL/ g RE AR M R S D R R AR A [ B 3(2) ]
REES K IR R G5k vh B2 S, LT 4B b
2, BB DX I [E] B3 K, AT O £F 2 2 2 % /b B AR E A
i, ] WA R A [ B 3(3) | FhsiEsE S
2K FRR AL 2 25 40 5 B S o, 45 4 L 2 30% , v L
K RAE AR B A A A [ 3(4) .

x2 RE4BAXRREXTERBES

20 531 AR/ R BRI PIR TS/ (2 £5,57) HHPIRITS (2 £5,57)
28 7 0.83 +0.17 0.77 +0.19
[ 7 2.26+0.17 3.51£0.19
AW 7 1.83 +0.17 2.86 +0.19
B A 7 1.74 £0.17 2.40 £0.19
FA{4 12.371 36.815
P4 0. 000 0. 000
#3 4AAXKBRMBEAMBNTE-1B KF
213 AR/ HORJE 1 EINE 40 R-18/ (3 £5,pg - mL™")  ARJF 4 JFMGE A4 FE-18/ (x +5,pg - mL™")
=Kl 7 730.57 +34.53 562.00 £9.26
[AEiay::| 7 1314.14 +14.84 842.86 +8.83
Jotxey:) 7 1287.00 +13.97 836.29 +11.37
TR IR A4 7 1 460.57 +47.38 840.57 +7.38
F {4 106. 880 222.530
P1i 0. 000 0.000
x4 4 ARRRBRAHIAEA
20 571 AR/ ARG 1 JE RS RBIRENR/ (x +5,N) ARG 4 JE BRI KR E A/ (% +5,N)
25l 7 73.90 +4.99 90.60 +2.73
MR 7 28.41 £5.10 61.66 £2.73
Jov ey ] 7 29.09 +2.90 67.33 £2.73
FhEiEaE AN 7 34.16 £4. 40 72.21 +2.73
F 1§ 169. 670 21. 150
P4 0. 000 0. 000
1 SN R Wi ol AR I TN Vo S8 il e
OEEE: () A4 (3) w4 (4) R AUl

3 RE4EA4IARRRBEALR HE FEBLEFR( x200)



- 18 «( 5 338)

HEEE2024 £5 H %36 4% 5

J Trad Chin Orthop Trauma,2024,Vol.36,No. 5

4 W
VR B W RO AR G AE 2 AR R RE
HRME WYz s 05, A I 2 3 BUR O™ D e R
ZWTFH AR Bolkia sh B sl ik & Bir &' . X
APEER R WTR A AR T 7 30, HAT i e 3R, H R
LA FFARWIT Y o R SR TR -
JIUBESS 5 FR0L , LD 1 8% R S8 T 4540 5 T R By
SRS T 3k A R 1 S T S N
PRIXE PRI, P BT 0) B 1 5 BT 2R ) Rk 2 A R Y
5277 XAAAEEME
MR R E , R 1 ARG 4 J
W, ESEA A RS G H  FRIESE G AR BT K
TR RE RS A D, o R A 2 R
JERA s WAEM 1 R T4 S 4l e 4
T R 4% 5 2H 1) R B BB B AT 1 45 s VLA AE
— B ZE IR, O B R T S 2 B R e RO 28T A
X . ARG 1 I SF R E 5% S 2 RN R A AL R T
ORI B 1Y 22 S B JC e ih i L (P =0.053),
(HBEEARA G AR, 2 R 4% 5 4 7 BRI e R
A8 J5 TR PR DI 4K S B 83X 7 2 R O [ E g
(T 2R A R B AR A SRS O A ) )~ etk o TL-1B 2
— P B BEARAE T, BN 2 JAE SO i e o e 1 Bk
) 5L A2 PR 5, 2 e B R N D e R
AR B[R] HC A 40 e A - fle 2E T 90 L 20 i A B k2
AMIE AL, M0 L RERE I S Al R P A 7 AR, e
PERARIER B EEA T, ARG 1 ARG 4 A
W ARG A R BE S A S A R IE SE S 2 Y L TL-18
KT A, 3 AT AR h o7 B 5% 5 4L i
IL-18 7K a3 AT RS ERIEIE 52 T AR i i AL —
AR 5, TE 3 Fh T AR D7 b, 5 g I 48 5 19 81
Pt R B 20 WS 4 R UL R 13X — s,
AW S RAE7R , S HSE S M R4S AL, R
FIZFRRIESE S 1B 5 A PR ERE E S WAL, mT AR S A Y
AW i Ra e BRI ER
[1] MAFFULLI N,VIA A G,OLIVA F. Chronic achilles tendon
rupture[ J]. Open Orthop J,2017,11:660 — 669.
[2] NUNEZ-TRULL A, ALVAREZ-MEDINA J, JAEN-CARRIL-
LO D, et al. Does lower-limb tendon structure influence walk-
ing gait? [J]. Healthcare(Basel) ,2023,11(24) :3142.
[3] LANTTO I,HEIKKINEN J, FLINKKILA T,et al. A prospec-
tive randomized trial comparing surgical and nonsurgical

treatments of acute achilles tendon ruptures [ J]. Am ]

Sports Med,2016,44(9) :2406 - 2414.

[4] CHIODO C P,GLAZEBROOK M,BLUMAN E M, et al. A-
merican academy of orthopaedic surgeons clinical practice
guideline on treatment of Achilles tendon rupture [ J]. J
Bone Joint Surg Am,2010,92(14) ;2466 —2468.

[5] KEATING J F,WILL E M. Operative versus non-operative
treatment of acute rupture of tendo Achillis: a prospective
randomised evaluation of functional outcome [ J]. J Bone
Joint Surg Br,2011,93(8) :1071 - 1078.

(6] VFESE XIERE, Iz, 55 S EE W 2806 77 biF 78 ot
JELJ]. $E3h R2EEE2E244R , 2023 ,46 (4) 1341 - 344,

(7] Zte AR, e, 5. FARSIEF ARG SRR
ZUNXSELRFE [T ] s E B EEAE ,2020,58(30) <85 — 88.

[8] TIANJ,RUI R,XU Y et al. Achilles tendon rupture repair;
biomechanical comparison of the locking block modified
krackow technique and the giftbox technique [ J]. Injury,
2020,51(2) :559 - 564.

(9] TIM, mkEdE, R 2, 45, £ T ROS-NLRP3 i 41+ A ki
FAITARFIESNT R BBIE ML [T ]. m st b B
2 REEAR ,2023,39(6) 1548 - 556.

[10] /880, RNSE, SR, 55 H BB 7 0 KU 6T R
RRAT A E A AR [T hE b 2R,
2021,46(3) :661 —669.

(UL ] SR T e B 3320 DR U 54 4 1) B 3 P T S L ]
WFFRELD]. /B VLI BE 2R, 2021

(12] FJE, 45/ 7. 2 PEER A T 2 AL PR JL s 4+ [T ] A
H 5420 ,2023,16(8) 673 - 678.

(13 ] AP PR 2 B BB 2 , v B P 2 5 8 B i
2 Ak B W R I PRI2 YT 8 9 ) B R 01 2. Th Rl
BRI P 2o B Rk BRI A3 2R IR NG PRAZ YT 45 7 - 2 P R I
SUFIEIR RSP (] sh s R 2%k, 2015,53(8)
561 -563.

[14] ptepesa o BRI BHA L, PR 2 2 B R
FOr o HMEE 5 B E A, KRS I8 S A
IREEZAWTFE PG, 55 BRI 280 PRAFIE 2T fe i [T ).
Frag R 5565 AR, 2022 ,15(5) <321 -333.

[15] LONGO U G,BERTON A,PAPAPIETRO N,et al. Epidemi-
ology , genetics and biological factors of rotator cuff tears[ J ].
Med Sport Sei,2012,57.1 -9.

(16 ] BRT. BRI b 3 BEE IR 7 R L a5 P R 5418 R 7
oA D] K Y AR R, 2023.

[17] THOMOPOULOS S,PARKS W C,RIFKIN D B, et al. Mech-
anisms of tendon injury and repair[ J]. J Orthop Res,2015,
33(6) :832 -839.

(18] T5/NT5. Rt X B R I K B 2L P TL-1B 116 J%
iINOS 2R PIWFFE [ D . bt E#piAE 2= B¢, 2012.

(WA H 391:2024-01-05 A< SC4iHH - ZEIBE R )



