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Acute Anterior Cruciate Ligament Reconstruction With 
an Augmented Remnant Repair: A Comparative Macroscopic 

and Biomechanical Study in an Animal Model 
Guan-Yang Song, M.D. , Jìn ZhanιM.D .. Xu 口， M.D" Xing-Zuo Chen, M.D. , Yue Li, M.D. , 

and Hua Feng, M.D 

Purpose: Qur purposc was (1 ) to comparc the strudural întegr才 Iy and healing capilcily of t.he aCUlely repaired anterior 
crudate Iigament (ACL) 陀m】1ants and (2) 10 determine whcther the short-term pOSI叫)crativc biomechan ica 1 rcsults of the 
acutc remnant-repa iring anterior σuciate ligamenl reconstruαion (ACLR) wcre supcrior 10 thc convclltiooal ACLR 
Melhods: An acutc complcle ACL femoral detachmcnt modd was created in 50 rabbits. Thc rabbits were immedia!dy 
randomly allocated illlo the rt:mnalll-repairing ACLR grollp (group 1, n = 25) and Ihc convclllional ACLR group (group 2 
n = 25). Each animal in bolh groups was subjeclcd to unilalero1 l ACLR 飞叫Ih semilcndinosus Icndon o1 Ulogro1flS. During 
ACLR, thc ACL rcnmants wc rc acutcJ y rcpaired with thc femoral-tcnsioning techniquc in group 1, whercas thc ACL 
remnams werc dcb时ded in group 2. The outcomcs of thc rellmanl wcre mo1σoscopically evaluatcd in group 1. Thc 
remn o1 m 's structural imcgri ty and renmam-to-graft healing 臼pacity wcrc dividcd i!l to 3 calcgories (gradc A, good; grade 
B, {air: or grade C, poorl according to 2 distincl c时 teria. Biomcchanical tests including thc anterior tibiallranslation !est 011 
30. and 90. of kncc l1ex ion and 忧nsik leS IS 、.vere compar，ιd between groups. AIl Ihc ma口。scopiC evaluations and 
biomeζ'han ical tests wcre pcrformcd postoperativcly 011 week [2. Results: Thc maαmcopic cvaluations of thc ACL 
rem na nts in group I (n = 2引 showcd that the rcmnants' strUClU ral imegrity was grade A (well.maintained continuity 
wilh an adcquale amount of lissue and tension on probing) in 10 specimcns (40% ), grade B (fairly maintained cominuity 
with thin and slack fìbers dctectcd) in 5 (20%), and grade C (resorption with no remnant left in situ) in 10 (40%). The 
remnant -to-grah healing cap.aci lies among the spcdmens 、叽Ih surviving remnants (grades A and 8 for structural integrity, 

n = 15) were a l1 classifì cd as grade C (an obvious rcrnnam-to-graft intcrval through thεcntire kngth of the grah). For the 
biomechanical tcsts, thcre wcre no signifìcant differenccs between the grollps (25 in each group) 叫th rcspect to the 
antcrior tibial tr.lnslation tesl at 300 (P = .15) and 90" (P = .9 1) of knec f1exion and stiffness (P = .66) , ultimalc failurc load 
(P = .11 ). and elongation at failure (P = .92). Conclusions: In our rabbit modcl of ACl femoral dctacl】 me时， the aCUlely 
repaired AC L remnants showed a high resorption ratc, low healing 日pacity， and poor biomechanícal propcπies. The acute 
renmant . rcpairing ACLR had no cvident superio叫 Iy ovcr thc conv l'ntional ACLR in rabbits. Clínical R 
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cxcellc llI results have bccn repo口ed. I . } However, fa i!
urc ra<es vary betwcen 8% and 25%.4， ~ Therefore ef 
for lS slill need to bc made 10 improve thc surgical 
techniques for ACLR 

According to thc Hteralurc, in completc antcrior cru. 
date ligament (ACL) rupturc cases. thcre arc always 
Ihick and abundant ACL remnan ts observcd during 
anhro阳町)ic examinatîons.6.9 Recently, lhe accumu la
tion of hîslOlogic studies concerning ACL remnants 
enablcd us lO consider a rcmnanl-prescrving ACLR as a 
treatml'n! option for complete ACL tcars. IO

•
12 The pro 

posed beneficial eHccts of remnam-preserving ACLR, 
such as the biological healing potemia l, improved pro 
prioceptive function , and increased biomechaniεal 
strength of the ACL grahs, may be providcd by the 
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rcmaining vascular <l nd ncural clcme l1!s with川 thc ACI 
rcmnams 

Satisfaclory clinical outcornes after rcrnnant-prc~crving 
ACLR have been reponed.8_ll.l4 Howcver, somc 
comparalive Sludies also rcponcd Ih<l l no signi白白川 dif

ferences cou ld be found !>etwcen rcmnant-prc.;,crving 
ACLR and conventional ACLR in lerms of postopcrativc 
clinicaloutcom臼1S.17 A conscnsus on how to dcal with 
the ACL rcmnants dllring ACLR is stilllac l.; ing 

Mcanwhile, some studi臼 conc1udcd that th(' vascular 
and neural elemcnlS witllin ACL rcmnanl龟 could only 
be found in an acute scning. bcyond 、.vhich thcy wouJd 
degcneralc more rapidly Qver lime. 18.19 Thcreforc il 
was be1icved that it was more rcasonable to pn.:scrve 
thc ACL remnants in an acUlC setting , which would 
providc morc potcntial advamagt'S 10 improve thc 
clinical outcomes of the rcr:mam-prcserving ACLR. The 
prerequisite of thcse pOlcnrial advanlages shou1d bc a 
well.maintained ACL remnant after surgery. Until now 
there havc been no in vivo sludies published 10 show 
the lrue outcomes of thc ACL remnant and show Ihe 
biomeεha l1 i臼 I superiority of aCllle rcmnant-prcserv川g

ACLR 
In addilion, Icchniques for remnam-prescrving ACLR 

may va叩 according tO thc pattcrns of the ACL injury.6 
For a complcte ACL tea r. when a tibia-bascd rcrtmant 
usually remains, the performancc of remnanl. 
preserving ACLR with an augmen ll..'d remnant repair 
tcchn>que was reported tO be suìlablc. l

? 

Thcreforc we crcated an acutc complel t' fcmoral ACL 
detachment animal modcl, aiming (1) to ∞mpare the 
structural integrity and hea 1ing capacity of the acutely 
repaired ACL rcmnants a,d (2) 10 dctermine whether 
the shon-term postoperative biomechanical results υf 
Ihe arule remnant-rcpaîrîng ACLR were supcrior to the 
conventional ACLR. We hypothcsîzed lhal for thc acU!c 
remnam-repairing ACLR, (1) the ACL remnant could 
be well maintained with adequate continuity, tcnsion , 

and remnant-to-graft hcaling 日pacily and (2) thc 
proccdllre wOll\d produce bettcr biomechanical results 
than the conventional ACLR 

Methods 

Study Design 
Fifty aduh. female New Zcaland whîtc rabbits weighing 

3.0 to 4.0 kg were used in this study. Our stud}' reccived 
p盯mission from thc Insti lU tional An imal Care and Usc 
Comminec of our hospiu l. The rabbits wcre randomly 
a l10catcd into 2 grOllps i25 rabbits in each group) ac 
cording 10 random numbers gcneratcd by a compm盯
An acute complele femoral ACL detachmcm model was 
created in each anima1. Me皿while， an indcx unilateral 
single-strand ACLR was performed immediately. Grollp 
1 (n = 25) was treated by remnant.repairing ACLR, and 
group 2 (n = 2盯 was trcated by conventional ACLR 

Scmitcndinosus tcndon aUlografts were used for al1 lhe 
slI rgerics. Thc opcrativc side was sclectcd randomly 

8eforc thc recυnstructive surgcry, the 1cngth and 
cross-scctional d旧metcr (mcasurcd at the midpoint of 
the entire lcnglh of the amografts) of the ACL auto 
grafts werc m四sured 3 times for each animal with a 
Vemicr calìper with O.l-mm rcsolution. The mean 
valucs wcrc Ihen rccordcd. All surgerics and mca
句 urcmcnls werc pcrfoπncd by the same surgeon 

Pre pa ra tion 01 Ac ute Complete Femoral ACL 
De tachme nt Model 

[n thìs ~tlldy an acute comp1c le fcmoral ACL 
dctachmcnt modcl was creatcd in cach anima1 using 
I hc following 5 stcps 

J. All animals werc ancsthetized with kctamine (35 
mg/kg) and xγ\azine (5 mg/kg) 

2. The randomly chosen opcrati\'c 到de was shavcd 
scrubbcd with povidonc-iodine. anda哩pticallγdrapcd

3. A 4- to 5-cm-10 I1g mcdial parapatellar longitudinal 
incision was made , and the pateJ1a was latera lJy 
subluxatcd 

4. Thc norTll al ACL was clcarly cxposed 
5. T 、 e ACL remnant 、vas obtained by Iranseaing thc 

normal ACL from its femoral insertion site, whereas 
the remaindcr, including the midsubstance and the 
tibia inscrtion site. was kept intact 

Surg ical Techniq ues 
80th thc remnant-rcpairing ACLR and the conven 

t旧nal ACLR werc perform巳d immedîately afler the 
acute ∞mplcte femora\ ACL detachment models were 
crcated 

In rcmnant-repairing ACLR , 3 to 4 SUlures 、.vere

'1巧)lied 10 thc femoral cnd of the rcmnant to provide a 
traclion forcc. A single-slrand semi:endinosus tendon 
autograft was harvested from the operaüve knee and 
P"εparcd with wcaving SU lU rcs on both ends by use of 
t附 No. 4.0 Ethibond suturcs (Ethicon , Somcrvillc, NY) 
A 2.0-mm Kirschner wire was uscd as a reamer to dri1l 
the tibial and femoral tunnels. The ccnter of thc tibial 
IU l1 nel was seleaed approximate\y 1 mm poslerior to 
thc nalive inscrtion site. To proteαthe remnan t, we 
rctraaed the sutures attached to the rcmnant anteriorly 
while drilling tlle tîbial IUnneL T,e femoral tunnel 
was dri1led al the ccnter of thc femoral footprint. After 
tunncl preparation , wc performed the ACLR with an 
augmcnted ACL remnant repair by puJli ng the leadîng 
SUlures of the graft and the traction SUlures of the 
remnant simultaneously inlO thc femoral tunne l. The 
graft and rcmnant werc 自xed 、叽th I EndoBullon (Smith 
& Ncphew Endoscopy, Andover, MA) , cnsuring thalthe 
proximal end of the remnant reached the entrance ofthe 
femoral tunnel as much as possible. After tibial fixation 
with thc EndoButton. 由e remnant and the proximal 

• 
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B \ 巳 ，胃同-....‘ Fig 1. Surgical tcchni{]uc for rcmnam 

anicular portion of Ihe graft wcrc slllu rcd togclher with 1 
su turc stitch 10 crcalc a unil (Fig 1) 

In convcntional ACLR, thc ACL remnant was 
complctely rcmoved , Both the tibial and femoral tun 
nels wcre madc at thc centcr of thc ACL foot prints. Th(' 
ACL grafts WCfC fixed wilh an Endoßu 1ton on both 
sides 川 the sarne manner as described earli盯

Postoperative Protocols 
Aftcr wOllnd dosure. a blllky cOllon dressing was 

applied to the optrative knee joint. The drιssmg was 
removed 48 hour~ after surgery. All the animals wc rc 
given prophylactic antibi01ics and allowed frce cage 
activities without rcstriction of motiotlS immcdia tely 
after surgery , No intra-arlicular aneslhcsìa or post
operativc analgesics were givcn to the animals. Sp('cifìc 
care mcasurcs were laken daily to keep lhe cagcs c\ean 
and tO prevcnt exogenollS ìnreclions. At 12 weeks 
postopcralivcly. as dcscribcd in other studies in thc 
litcralure;W.21 cach animal was killcd wÎth an injcction 
of 10 mL of lhiopcnlalthrough the car v巳in. Both knccs 
of cach rabbil werc harvcsted from thc hip jυint for 
macroscopic cvalualions and bîomechanica l tests 

Macroscopic Evaluations 
甘1e macroscopic cvaluations inc\ uded the fo llowing 

1. We cvalualcd the gcncral condilion of thc opcrative 
knee joinls (25 in each group) , inc\ud ing lhe range 
of motion. joinl infectiοn ， and intra-articular st ruc
turcs (cartilage. me l1îscus) 

2 , Wc cvaluated thc continuity and tensiO I1 of Ihe ACL 
grafts (25 in each group) 

3. Thc ACL rcmna~ lS in grOllp I wcre first identified by 
thcir colors , as well as thc incorporatio l1 resu lls with 
thc ACL grahs. Then, thc structural inlcgrity and thc 
relllnant-Io.graft healing capacily of the ACL rem 
nanlS werc furthcr evalllaled 

4. Thc SlruC1 11ral intcgrilY of the ACL rcmnan ts ìn 
group 1 (n = 25) was categorized inlo 3 calcgorics by 

pröt'rving AClR uscd in ~111dy. IA) An 
.1CU1(' ACl injury model w.1s crealcd hy 
tranScClll>g llu.' norrnal ACL frorn it~ 

kmoral insenion sit世 (8) Thc traniυn 
~ulUres of thc ACL Tcmnanl and the 
leading sulure~ of the gra Í! wt'rc Pllllcd 
in lU Ihc lemoral\unnel ~irnuhaneou~ly 
wi\h 1he proximal t'nd of thc Temnam 
reaching thl' entrance of the femoral 
IUnnel as mudl as 阳l'>sible. (C) The ACL 
Temnam and thc graft wcre fi时d 飞川1h 1 
EndoButtun (Srnith & Ncphc lV Endos 
copy). (R叩roduc('d with I阳nlls~!On

from Guo-hlla LÎu.) 

lI SC of a new grading 巧 stem Illodilicd from that re
I>orted by Ahn Cl a l. 19; gradc A. good (wcll-main 
taincd cominuity wilh an adcquat巳 amount of ti5sue 
and tcnsion on probing); grade B. faÎr (fairly main
tained continuity with thin and slack fibcr detccted) 
Qr gradc C, pOQr (no rcmnant left in situ) 

5. The rcmnant.to.graft healing capacily 、，vas assessed 
among Ihe 叩ecimcns with surviving remnant龟

(gradcs A and B for StructJral intcgrity. in which lhc 
cominllity of the remnants was mailllaîned between 
the tibial and femoral ACL insertion sites) by 2 ob 
servcrs. A scaled probe w盯 placcd on the Ill id
subs1ance portion as well as the libial and femoral 
lI1serttυn site5 of thc ACL rcmnanlS. One of lhe ob 
se lVer哈 applîed a mild antcrior force onlO Ihe probe 
10 slrctch thc ACL remnants wbilc the othcr 
observcr carcfully invest i!!ated Ihc inlcrval bctwecn 
the rcmnant and the grafl from Ihe lateral view of 
the spccimel刊 According to Ihe r也 sults of our pilot 
钊 udy. the healing capacity was also divided În lO 3 
Icvc1s: grade A, good (complete healing 、叽th no 
remnant-to-grafl interval); grade ß , fair (partial 
healing with a deleC1ablc remnan t-lo-graft interval 
bUl T1 0t throllgb the enlire Icngth of the graft); or 
grade C. poor (no h国Jing with an obvious rcnmalll
to.graft inlerval Ihrough thc enlirc length of Ihe 
graft) 

Biomechanical Tests 
In th is s1Udy wc designed 2 biomechan i臼 l leSIS: (1) the 

antcrior libìal translation test and (2) Ihe tensile tcsl. A!I 
spcomens werc wrapped În salinc solution-soakcd 
gallze and stor('d at .4 -C lI ntil lesling. Befor巳 the

bium旺hanical tcsts. thc specimens werc lhawed over
night at 4 C 

For the anterior tibial lranslation !csl. the surround 
ing musclcs werc carefully removed 10 exclude cxper
imcntal errors produced by diffl'rent musdc strengths 
among specimens , Care was takcn to t1 void damaging 
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Fig 2. The antenor translatîon tes♂ W"' 

fx:rform叫 usmgacustωnîzed. anhrometer 

the joînt capsu1c and ligamcnts. Dur i.ng lhc enlirc 
preparatîon proccss , alllhc specimcns wcrc maintaîncd 
in saline solution~soaked gaUle. The preas自embled

customized measurement device , whic > was similar to 
the device reported by Nikolaou et a l., 22 was placed 
on a flat testing table (Fig 2). A dial indicator with 
O.OI-mm resolution (Mitutoyo dial indicator 2050; 
Mitmoyo, Tokyo , Japan) was fixed to thc customized 
measurement de川ce. A small drill hole was made on 
the tibial tuberosity, and the drill hole was used as the 
basc pωnt for the measurements. The am盯ior tibial 
translation tes1 al 300 and 90 0 of knee flεXlon was 
pcrformcd in ncutral rotalion of lhe tibia , wi由 a 1 子N

drawcr forcιapplied perpendicularly 10 the long axis 
of thc libia. Three measurements wεre laken for each 
tcst by thc same examin盯 The final results were 
rccordcd as thc mean values of the 3 side-to.side diι 
ferences betwccn lhc opcrativc and normal sides 

To assess the reliabililY of the customizcd mcasure 
mem device for the a且terîor tibial translation , a pilot 
sTUdy was designed. For the 2 knee flexion angles , 2 
amhors performed eadl measurement twice , wîth a 
2-day interval between measurements. A total of 30 
specimens were randomly selected from both groups 
(15 for each group). The intraclass corre!ationεo 

cfficients for intraobs盯V盯 and interobserver reliability 
wcre 0.91 and 0.86, respectively, at 300 of knee fl ex>on
and 0.88 and 0.85, rcspcαively. al 900 of knee flexion , 
indicating high rcliability 

For the tensile tes t, as dcscribcd previously in thc 
literatu 町，23 the joint capsu1c and pcriph盯alligaments
were carefully resected from thc tibial and fcmoral 
attachment sites , leaving only thc ACL rcmnants and 
grafts intact. The medial and lateral mcnisci and their 
accessory ligaments were also removed. The tensile 

tcst was pcrformcd on a tcnsile tcster (858 Mini 8ionix 
11; MT5 Systcms , Edcn Prairie , MN). Before the tes t, 
the speαmen was fixed with 4 transverse pins between 
the custom-designed U-shaped clamps with 2 pins on 
each side. Care was taken to ensure that the specimens 
werc fìxed at 300 of knee l1exion 10 keep the direction 
of the tens i1e force in line with the direction of the ACL 
fibers . The fixed 叩ecimens were applied 飞叽th a pre
load of 2 N. Pre-tensioning of the graft was accom
plished by stretching it 3 times for up to 0.5 mm at a 
speed of O.l mm/s. The 1 巳nsile tesl was startcd at a 
crosshead speed of 1 mm/s. The forcc rcsolt山on of thc 
lensile 1 巳ster was 0.1 N. A load-displacemcnt curve 
was recorded and amended by the complllcr for 
calculating s1Íffness , ultimate failure load , and c1on
gation at failure of the specimens. The fa i1 ure modc 
was det盯mined by visllal inspection. Wc dcfincd thc 
fai lllre mode as bony aVllIsion , pulling out from the 
bone tunnels (either from the femoral or tibial side) , 

and m idsubstance tears 

Statistical Ana lysis 
An a priori power analysis was perfo口ned before the 

sludy to estimate the sufficient sample size. Biome
chanical tests were the main outcome measurements in 
our study. The following ￥ alues (expected difference 
and standard deviation) for the anterior tibial trans
lation lCS1 at 30 0 and 900 of knce I1cxion werc obtaincd 
from thc pilot study of 8 rabbits (4 rabbits for each 
group , but thcy wcrc not included in the final study) 
0.20 mm (50, 0.20 mm) and 0.25 mm (50, 0.25 mm) , 
respeαively. Sample sizes wcrc calculated by use of SAS 
software (version 9.13; SAS Institute, Cary, NC) for 
each value to detect the previously mentioned differ 
ences between groups with an αof .05 and a power of 



348 G-Y. SONG ET Al. 

Table 1. Compari‘on or 阶coperalive Dala Between Group I Table 2. Comparison or Biomcchanical Oulcomes 8elwecn 
and Group 2 Group I and Group 2 

Va 同ab1c Gr山lp 1 (n = 25) GrouJl 2 (n = 25) P valuc' 
Mass (kg) 3.é4 ::: 0.28 3.59 土 0.34 .915 
U:nglh (cm) 盯 土 0.06 1.66 主 0.08 .684 
Di.l melt'rυn町、 168 土 0.08 1 . 65 立 0.09 .2 雪 8

~OTE_ Dala <1 f t' exprt"SSCd a笔 mean 土 ωtandard deviation 
副臼m阳rison bct阴阳1 ~ruup 1 and gr()u!) 2 by use of Student 11CSl 

0.80 , yiclding a 臼 mplc size of 34 in lota!. Bccause of 
conccrn regarding possible failurcs or infeclion cases 
the samplc size was finaUy sel at 50 

Statistical analysi 'i was performcd with thc SPSS 
software package (vcrsion 18.0; SPSS, Chicago, IL). All 
data werc cxpressed a'> mcan 土 standard deviation. For 
each parameler， 四mparisons betwccn Ihe 2 sludy 
groups (25 for each group) were perfonned with the 
Student t test for contînuous variables. Thc significancc 
\cvcl was set a1 .05 

Resul!s 
There 、-vere no signî fì.cant diffcrcnces bctwccn the 2 

groups regardÎng thc mass of thc anîmals or thc lengths 
and cross-sectîonal dîameters of thc ACL au tOgrafts 
(Tablc 1). On the basîs of these facts, we belîevcd that 
the comparîsons în OlJ r st lJdy wO lJ ld be valîd 

Macroscopic Evaluations 

1. Therc werc nO signs of joînt infection and no loss of 
rangc of motion in flexion or cxtcnsion for any 
叩ccimen. Therc were nO obvio lJS degencratîve 
changcs of the join1 c<l rtilage and meniscal tear~ (25 
in each gro lJ p) 

2. All of the ACL grafts showcd satisfaclory c.ωnunulty 
and Icnsion (25 in each group) 

3. Al1 Ihc ACL rcmnants werc casìlγidenlificd by 
。bviously diffcrclll colors and no incorporation rc 
sults compared with the ACL grafts 

4. Rcgarding the Slructural intcgrity of the ACL rcm 
na lHS in group I (n = 25). 10 of the ACL rcrnnants 
(400/0) wcre found 10 have a Slructural intcgrity of 
gradc A, 5 (20 % ) wcrc gradc ß. and 10 (40%) wcrc 
grade C 

5. Thc remnam-lo-grah healing capacity among the 
survÎving reIn lla lH specimells (grades A and B for 
structural in1cgrily. in which the COlllinuÎ1Y of Ihe 
rcmllalllS was maintained belwcen 1he tibial and 
femoral ACL inscnioll sites , tl = 15) was found {o be 
grade C in all cases 

Biomechanical Tests 
For thc amerior tibial translation tcs t, no signi自cam

differcnccs were found bctween the 2 groups (25 in 

Varia l>k Grollp 1 (n = 2盯 G ，口up 2 (n = 25) P Valuc. 
AT 01 30' (mm) 1. 53 士 0.26 1.65 ::i: O.33 
AT 01 90' (mml 1. 55 士 O.l t 1.54:::: 0.41 
failurc load (N) 58.1 土 1 1.4 56.7 士 13.5

Elollgalion (mm) 3 . 82 工 0.47 3.81 :t 0.51 
Slirfrum (Nlmm) 15.5 :::: 1,9 l 雪.，土 4.'

NOTE. Dala .l rc 叫)rcsscd as m...an 土旧时ard d...vlatlon 
AT. am...rior translalion 

15 
91 
11 
92 
66 

吧。 mpanωn oclwcen group 1 and ~roup 2 by use or Sludenl I‘ð' 

cach group) at either 30<> or 90<> of knee fl巳xlOn

(Table 2) 
For the tensile tes t, no signifìcan t diHcrences were 

found belwecll the 2 groups in terms of sl iffness, ulli
male failure 1oad, and elongatÎon at failure (Table 2) 
All of the ACL grafts (25 in cach group) failed at Ih巳
midsubstance ponion withoul being pullcd out from 
1he bone tunnel 

!dentical s旧 tistical analyses were performed belween 
the specimens wilh grade A remnant struCl ural integ 
ritγ(n = 10) in group 1 and the specimens in group 2 
(n = 25). and no signi fì.cant diffcrences werc found 
with respeαto the outcomes of the anterior tibia l 
translation and tensilc tests (Table 3) 

Discussion 
The most imponam findings of this study were as 

follows: (1) There was a h也h postoperative remnant 
rcso甲tion rate (40%) and low remnant-to-graft hcal. 
ing capacity in the a四川y repa ired ACL remnants, 
which were far bcyond our expectation s. (2) The 
remnant-repairing ACLR group produced similar pOS1 
opcrativc biomcchaniε'al resulS to thεconventional 

ACLR group. Our hYPolheses were shown 10 be 
incorrect 

Wc should notc that thc remnant-rcpairing 1cchnique 
applied in this ~lUdy was quitc diffc rcn1 from the se
lective ACL augmenta tion techniquc , which is indicated 

Tablc 3. Comparison of Bioml'chanical Oulcomes Bt: twC'en 
Gradc A Specimcns in Group 1 and Group 2 Spccimens 

Grade A in Group l' Group 2 
Variablc In = 10) (n = 2日

AT 01 30吧 (mm) 1. 52 士 0.20 1.65 士 0.33

AT of 90 (nun) 1.56 土。" 1.54 士 0.41

Failurc load (N) 59.1 土 9.2 冒6.7 土1)冒

ElollJo:ation (mm) 1.78 土。古4 3.81 主 0.51

Sliflness (Nlmm) 15.9:::: 1.4 15.1 土 4.1

NOTE. Dala art' ('Kjlressed as mcan 土 ~tandard deν国<on

AT, Dmerior translatlon 

P Valuc' 
89 
98 
48 

" 84 

'Speòmcns with grade A struClural illtc:grity 0\1 1α)me (wc!!.maintaÌnc:d 
C创刊lnuity 01 ACL re川I1 nant octwcen fe l1loral and tibial insenion sitcs) 
'Cornpariωn oclween gradc A and group 2 by use of Studcnt I tCSI 
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for panial ACL tears. 1 毛 14 .24 Currcntly. therc are Still 
controvcrsies concentrating on the role of 1he ACL 
remnants in trcating complcte ACL Icars. Ahn et al. 19 

perfonncd remnam-repairing ACLR in 53 pa1icnts 
who had complete <\.CL lears. and Ihεy reponed 
favorablc pos lOperalivc clinical slability outCQmes. In 
contrast. Hong Ct al.<} recently condllcted a prOSpedive 
comparativc study and concllldcd thal no cvidcnt 
biomechan ical advanlages cOllld bc confi口TIed by thc 
remnant-repairing ACLR 

The postopera1ive StTlIctural oulcomcs of Ih(' ACL 
remnants should be a m句or issue concerning the clir、
ical outcomcs of remnant-rcpairing ACLR. To our 
knowledge. this studγwas the firSI to ident iry the 
postoperative strllClU ral outcomes of acutely repaired 
ACL remnants 

Some authors be1 ic\'e that thc ACL remnants are 
supposed to be rnore reasonable tO be preservcd in the 
acu te 5ell ing. especia l1y givcn their favorab1e biological 
healing rcsults. Demi et a l. l!I rcponcd a dccreascd 
number of mechanorcc叩tors in complctely ruplUrcd 
ACL remnants over timc. Sclloene ct a l.25 aJso 
confinned that thc ACL-hamstring reflex, which was a 
re1iabJe measu rement of the proprioceplive funαion of 
the knee joint, decreased more rapidly as time passed 
afler ACL injurγAhn et a1. 19 found that paticnts with a 
shoner period from injury to surgery had bC l1er syno 
viaJ coverage and grart inco叮>üration OUlcomes after 
remna nt-repairing ACLR on pos lOperative magnctic 
resonance imaging (M R1). In our study the survival rate 
of the acutely repaired ACL remnants (maintained 
continuity between the tibial and femoral insenion 
sites) was found 10 be only 60% , whkh was far low盯
than wc antidpatcd. The differcnt hca \ing outcomes 
among studies may be attrihuted to the spedfic kind of 
ACL injury 泪ttern created in our study-the aCU1e 
。omple te femoral ACL dctachment modeJ. As we have 
learned from the prcvious studics , 21 thcre wcre differ
ences bctween the ACL detachment and 1he AC L 
rupture models in tcrms of the natural ACL healing 
capaCl ll臼 Intercsüngly， our results (40% of spccimens 
with no remnant left) were also comparable wit.h those 
studies focusing on the oulcomes of rcmnanls aftcr 
subacute o r chronic ACL tears. In 2005 Crain et a l. 26 

日 rst classified the pa l1erns of the ACL remnants 旧10 4 
types based on Iheir anhroscopic findings: the typc with 
hcaling of thc posterior cruCÎa1c 1igamcn t, thc type with 
healing of the roof of Ihe intercondylar notch , the 1ype 
with healing of the mcdial wall of thc lateral femoral 
condyle. and 1 

remnant fibcrs based on the Silme rcmnant cla岱 ifica

tion system. This phenomenon m町bt' explained by 由e
rapid self degencratiotl and rcso巾1旧n mechanisms of 
remnant tiS5ue aftcr acu1e ACL lears.21. 2!1 

AnOl her potential advantagc of rcmnant-repairing 
ACLR whcn performed in 1hc acutc seuing was 
Ihought to bc the improvcment of the vascularity and 
rcmodcling of Ihc ACL graft. In this study we obscrved 
no remnant-to-graft healing 日pacity in any of thc 
specimcns with surviving rcmnants (n = 15). This 
rcslllt was inconsislcnt with previous clini臼 1 lindings 
Ahn el al? condlldcd a pos lOperalive MR I study and 
repo口ed that 85% of patien1s (41 patiems in thc study 
group) showed signaJs of the ACL rcnmant!> that were 
difficult 10 distinguish from the ACL grafts after 
remnant-repairing ACLR. A sccond-look anhroscopic 
stlldy in 33 paticnts showed fair Tcmnant-to-graft 
incorporation results in 91 % of paticnts at a mini 
mum of 2 years after rcmnant.repairing ACLR. 19 On 
t.he basis of judging 口itically from the details 阳回 I was 
relativcly unable to evaluate thc r巳al rcmnant- lO-graft 
hcaling status , aJt hough homogeneous signal in 
tensities were presented. Qn second-Iook anhroscopy. 
the ACL graft~covered synovium slill prevented the 
authors from detecting the adual hcaling capacity be
tween the ACL rcmnant and lhe graft 

H appears Ihal cven wilh thc remnants repaired in the 
acule setting , thc postOp盯ative outcomes of the ACL 
remnants. including thc survival ratc and the remnant-
1o-grah healing capaci町. would not bc improved as we 
expeαcd 

Concerning thc postoperative biomcchanical outcomes. 
a rccent swdy p町formcd by Wu et a1. l9 rcponcd tha1 
ACLR 飞'I ilh presc lVation of thc ACL remnallt attachment 
signifìcantly improved Ihe poslOperative biomechanical 
properties o( the knee joint compared 、叽th convcntionaJ 
ACLR in a rabbit modc1. In 四ntra "i l. J lIng et a l. )O con 
ductcd a clinicùl study comparing remnant-repairing 
ACLR versus ACLR 飞明 Ih remnam prcse凹'ation onJy and 
repor比!d that no significant diffcrenccs could be found 
bctwecn groups in leπns of knee stabWty oulcomes 
postopcratively. 1n our swdy thc low rcmnant survival 
ralc (60%) and thc remnanHo-graft healing capadty 
showed a p时时y maintaincd remnant strlldural olltcomc 
aflcr thc remnant-rcpairing ACLR , which could lead 10 
阳nilar postoperative biomechanical OUlcomes bClween 
groups. Morco、 cr， the sim iJar biomcchanical results be-
1WeC!l the specimcns with grade A structural integrity 
(n = 10) in group 1 and thc specimens in group 2 (n 25) 
collld be explained by 11 
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Temnant-preserving ACLR. However, wilh di [ferent 
remnant-preservalion techniques applied and th巳 distinct

researchgroups comparcd among studies , il is sl iU dj fficult 
to reach a final conclusion about whether the rcmnant 
rcpairing ACLR will signi白 cantly improve postopcrative 
knee stability oUlcomes 

The aCUTely repaired ACL rcnmants presentcd in our 
sludy showed a high resorplion rar t:', a low hcaling 
capacily , and poor bi<)mechanical properties. Moreovcr 
wcbclieved由at the previously mcmioned advantagcs of 
repairing the ACL remnants , s lIch as the increascd 
vascularity and the improved proprioc叩 Tive function , 

should bc based or. a 叭 el! -survivcd and adequately 
healed ACL rcmnant after the remnant-rcpairing ACLR 

Limitations 
There were severallimitations in thîs s tlJdy. FirsL the 

tesT data are fr归cn 日 bbits ， which 臼nnot è沱 direαly

transferred to humans. Second , the metabolic process 
varies substantially hetwcen rabbîts and humans, which 
could affect the tîme-depcndent remnant healing pro 
ccss. As a solution, we selectcd a 12-week period as thc 
cndpoint of our srudy for thc following reasons: (1) a 
numberofsTudi凹 reported that 12 weeks would be long 
enough for a mature graft-to-bone healing process in thc 
rabbit ACLR model,D.l L3 1-H and (2) the purpose of our 
study was to investigate short-lerm biomechanical out
comes. Third, The remnant-to-graft healing capacity 
evaluation in this studywas simply based on macroscopic 
evaluatîons, which lad优d convindng histologic e町
dence. Founh , 10 fmther elucidate thc bcncfit of the 
remnant-repairing technique , a control group with 
remnant repaired alone would he idea l. Finally, what we 
reallycrcatcd was a complete femoral ACL Ndetachment ff 

but 110t a #ruplure ff modd. Attention should be drawn to 
the inju可 pattcrn of the ACL remnant bccause there 
were significam diffcrences between these 2 distinct 
tηljury patterns in terms of thc nalural hεaling capadty.21 

Conclusions 
ln our rabbit model of ACL femoral detachmenL the 

arutely r叩aîrcd ACL remnants showed a high reso叩
tion rate , 10飞N healing capadty, and poor biomcchanical 
properties. The acutc rcmnant-repairing ACLR had no 
cvident superioritγ over thc conventional ACLR in 
rabbits 
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