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Posterior Tibial Slope Influences Static 
Anterior Tibial Translation in Anterior 
Cruciate Ligament Reconstruction 

A Minimum 2-Year Follow-up Study 

Yue Li: MD , Lei Hong : MD , Hua Feng ，叶 MD ， Qianqia n Wang，丰 MD ， Jin Zhang: MD , 

Gua nyang 50ng: MD , Xingzuo Chen: M D , and Hongw u Z huo: M D 

Investigation performed at Beijing Jishuitan Hospital, Beijing, China 

Background: Posterior tibial 510阳 (PTS) has recently been identif回 as a n由 factor fαanlerior cruciate 阳ament (ACl) Injuries 
because 01 an a码。ciated increase in ant四or tibial translation (Aπ) and ACL loading. HOW8ver, few studies conceming the cor 
relation between PTS and postoperative ATI have been published 

Purpose: To a阻tyze the 陪lationship betw回们 PTS and 阳stoperative A"πin ACL reconstruction (AC四)

StudY Design: Case control stud凯 Level of evldence , 3 

M咄咄ds: Included in this retrospectlve study were 40 con回C川 Ive pallents who underwent ACLR (28 male , 12 female; median 
age, 22 years; range , 14-44 yea晴:' from Oclober 201 0 to June 2011. The patients were divided into 3 groups based on media! and 
Latera! PTS values as measured回 MR!. Dem咽raphic data and r'臼ults of the manua! maximum side拍 side dif1er，回cewlth a KT. , 000 arthrometer at 300 of knee f1exion before AClA and at fina! follow-up we呻 collected: results were d 川 ded into ATT $;2 mm , 

2mm <A下T < 5 mm , and A'了T 主5 mm. First, the distribulion of ATT in Ihe 3 groups was compared, and then correlation anaJysis 
and logistic regre咽。n were conducled 10 determine Ihe correla阳nbetw回n PTS and ATT. Finally, the thr盹holds of medlal and 
lateral PTS were calculaled 

Res ults: Results ofthe ATr m回SlJ'eIT'Ients were叫lect回 al a rr回n of27.5 monlhs 阳吨e， 24.()"37.0 mootns) after ACLR. The 韧的p
with a PTS ? 5" had significantly more 回国s of A lT ? 5 mm than the group w阳 a PTS <30 (rr剧创 PTS: P '"田5; laler副 PTS:P "，
016). There were 现atisl阳 W 啕耐=1 ∞晒ations w由 Aπ fof botn mediaJ (r = 0.43, P = 田5) and 国eral (r = 0.36, P = 田) PTS. 
M回 al or laler刮 PTS 附剧 ted in 阳 mα回国d p'曲abilrty of AlT ;:::5 mm, w比 h an odds ratio of 1.76 俨 = .011) ancl 1.68 俨=∞副l
r由阻c1ively. The threshold of 田''''它国国 risk of AlT 主5mmw自 am回国 PTS >5.60 俨 =α四 or a laler创 PTS >3.8'。 俨 z 仪)2)

Conclusìon: There was a significant c。时lation between PTS and postoperalive anlerior knee stalic stability in Ihis study 
Patienls wilh a steeper medial or later刮 PTS showed a higher risk of A'了T 2:5 mm at thresholds 01 5.6" and 3.80 , respectively 

KeywordS: anterior cruciate hgament reconsl阳ctlon; anterior tibial translati。叫 medial poslerior libial slope: lateral ρ。 51，厅。r

slope; correlation: risk factor 

An increasing number ofstudics conccrning the corrclation 
between 阳ster ior tibial slope (PrS) and anterior cruciate 
ligamen也 (ACL) injury have recently been publîshed.1.3.9.19 
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To explain this correlation, it has bcen su甜ested that tib­
ial slope inOuences the biomechanics of the tibiofemoral 
joint with respect to an inc陀 ase in anterior tibial transla­
tion (AT"凹， tibial shear force , and ACL loading.2.14. 16.11 It is 
陀asonab le to suppose that the same mechanism that influ 
ences the natural ACL might also inOuence the recon­
structed ACL autograft. The risk factor for ACL injurics 
might al皿 be a risk factor for posωperative A IT 

To our knowl副dge ， very few studies regarding the rela 
tionship betw四n P'TS and ACL clinical outcomes have 
bcen published. Zaffa~，'nini et ul22 discovered a positive cor­
relalion bctween PTS and postoperative manual maximum 
d;叩lacemcnt 陀.ul恼 with a K'r-l000 arthrometer of the 
indexed knce in patien t.s undergoing comb~ned ACL recon 
struction (ACLR) and high tibial 08怡otorny. Webb et al21 
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reported that an increased PI'S is associated with the 
incrcased odds of a further ACL injury after ACLR. How. 
ever, Hohmann e也""罔po此.ed that AClrreconstructed 
knees with Il higher PTS had better functÎon 

Tne purpose ofthis study was w determine the relation 
ship between 2 static variables, PTS and postoperative 
static AIT, in AClrreoonstructed knees. The hy阳也heses
were that (1) a medial and/or lateral tibial slope had a sig. 
nificant positive oor四lation with postoperaLive ATT and 
(2) patien t8 with a steeper medial andlor lateral PTS 
have a higher incidence of ATT 主5mm

MATERIALS AND METHODS 

Study Design 

We retrospectively rcviewed all patients who underwent 
ACLR at our institut:ion from October 2010ω June 2011 
A total of 121 patient.s who under明nt ACLR perfonned 
by a single surg'回n were identified. The patien t8 were eligi 
ble for inclusion in this study ifthey (1) had a complete ACL 
tear, (2) had a unilateral ACL injury, (3) had both ACLR 
and magnetic resonance imaging (MRI) perfonned at our 
institution，附 were youngcr than 45 year霄， (5) under呗 ent

single-bundle ACLR ~ith a hamstring tendon autograft, 
and (6) had a noncont.act ACL injury. 'I'he exclusion criteria 
were (1) a concomitant pos t.crior cruciate ligament (PCL) 
le$1on, lateral col1ateral Iigament, or medial collateral liga 
ment gradc 3 lesi恤; (2) revision ACLR; (3)ω.ta1 meni低班­

tomy; 山 skeletal malalignment of the lower limb (varus 
aligned: hi p..knee.ankle ungle >1820 , val职1S alîgned: hip. 
knee.ankle angle <1780川5) p陀vious knee surgery before 
ACLR; and (6) general joint laxity. Of the 8 1 excluded 
patients, there were 40 Achilles tendon allograft or hybrid 
graft reconstructions, 32 double.bundle ACLR'!, 8 revision 
ACLRs, 1 conoomitant superlicial medial collater创 ligament
reconstruction, 3 con∞ nitant PCL lesions, I total meniscec 
阳町， and 1 previou.s arthr曲曲pic surgery (medial partial 
memscecωmy). Of the 40 study participants, 27 cases 
wcre combined with a medial men丽<:U8 injury, or which 4 
6由08 of medial menisc呻 post.eri时 hom 1回ions were identi 
fied. A11 of the 4 lesìon$ were rep剧，它d with an all. insìde 
technique, and they were well main t.ained aocording to 
MRI at fmal follow.up. The other 23 medial meniscus tears 
were treated by part.ial menis国cwmy. Th凶 study was 
approved by the local ethìcs commìtt剧， and all enrolled 
patients signed an infonned con键时 fonn

Demograph>c data 8nd results orthe manual maximum 
side.1.o.side di fTerence with a KT.l000 arthrometer (MED. 
metric , San Diego, California, USA) at 300 of knee f1exìon 
we陀 acquired. The data were oollected befo陀 ACLR and 
at final follow.up by a 盹nior surgeon. The ATT was 
dclined a8 the manual maximum side.to.side di fTerence 
as measured by a 1{T.1000 arthrometer, and the medial 
and la t.eral PTS were meas ured on initial MRI scans before 
primarγreconstruct.ion 

To discover the di吼叫bution of萨渴ωpcrati四 A'IT，出ePTS
measuremenls were dividcd inωte巾les. 'l'he 仙乱 tertiles of 
mcd国 and la~呈阳l 凹's wcre 3.6" and 2.60, and the 艇!COnd

7'he AmerÎoon Journal o{ S，间巾 M，d剧"'

tertiles wcre 5.30 and 5.60, res醉ctively. Consequently, we 
divided the media1 and lateral P'I'S valu回国 PTS <萨， PE
PTS < 5". and PTS ;?:5'. First，由e distributions of ATT in 
the 3 groups were ∞mpared. Then, analyses were eünduc怡d
ωdetennine the 田口划ation betv 国 n PTS and ATI. Logistic 
r唔回姐姐n wa.s performedωdctennine if PTS w植 a ri.sk fa。
ωr for ATI' ;?:5 mm and ωd出nmne 由e tlu四hold for a sig 
nificanUy incr它a困d risk of A'IT ;?:5 mm 

An ATI >5 mm is one of the criteria of ACLR failure 
according 1.0 Kamien et al ,12 and an AT1' :::;2 mm is dcfined 
as nonnal acoording to International Knee Oocumen t.ation 
Committee (IKDC) guideline息7 We therefore separated 
A'IT measurements at final follow.up inω3 groups: A TT 
:::;2 mm , 2 mm < A'IT < 5 mm, and ATI ;?:5 mm 

Surgical T echnique and Rehabilitation Protocol 

Al l single.bundle ACLRs wcre performed by a single senior 
surgcon using 4.strand hamstring tendon autografts. The 
diameter of the autograft w嗣 between 7.5 and 9 mm 
The tibìal tunnel was drilled al the centcr of由e footprint, 
and the femora> tunnel was drilled at the anteromedial 
bundle position through the anleromedial po此a1. 'I'he 
阳gidFix and IntraFix systems (OePuy Milek, Raynham, 
Ma.ssachusetts, USA) were used for femoral and tibial 
side fìxations , respectivcly, and 也he graft was tensioned at 
20 lb with the knee sli ghtly f1eKed 

All patient8 underwent由e srune rehabilitation prot.oωI. A 

M咄咄 kn幅 braoo locked in full extension was used for the 
fì rsL 4 weeks. One w回k arter su唔ery， 阳路ive rangc of 
motion from 00ω 以)" w国，ta叫.ed with the brace unlc础ed

Partial wcightbearing was not a l10wed until 4 weeks after 
surgery with the hinged brace 1侃ked in fu l1 extension. F叫l

weightbearing w国 begun at 6 wccks. Jogging w国 no也 pe'

m.出d u'毡.i13 montha 阳湖饲peratively. Patien t.s were allowed 
ωretumωs阳此.s at 9ω12 months after surgery 

PTS Measurement 

Measurement、 or medìal and lateral PTS using conven 
tional MRI 配ans with a Tl sequence were performed 
acoording to the method of Hudek et at ll The MRI scans 
were obtained with a 1.5.T MRI scanner (Sym phony, 
Siemens Medical Solutions, Erlangen, Germany) 

To measure PI'S, a 3.step procedure proposed by Hudek 
et a1 10.11 was applied. The fìrst step was ωdefine the ccn 
tra l 皿gîttal sli田， which oonsisted of the intercondylar emi 
nence, the anterior and posterior tibial 国由国s appeanng 
as a concave shapc, and the tibial attachment of the PCL 
(Figure lA). The second step was to draw a ci rc1e tangent 
ω the proximal, antcrior, and posterior tibial borders and 
then a second circle centered on the perimeter of the firsL 
circle. The lìne connectìng the centers of the circles was 
defined as the tibial longitudinal axis. The last step was 
to measure the angle between the line pcrpendicular to 
the tibial longitudinal axis and t he tangent to the medial 
and lateral tibial plateaus. The tangent to the medial 
and lateraI tibial plateaus was defined as the 1i ne connect. 
ing the uppermost of sites on the superior.anterior and 
posterior oorticcs on the middle slice between the mO$t 
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Figure 1. To measure 阳sleriOf tibial slope (PTS) by COflVefl 

lional MAI scans, Ihe 3-slep procedure pro阳sed by Hudek 
et aI10.11 was applied 价l First, the c凹tral 国gittaJ slice, con­
sisling of lhe inlercondylar em晤时e， t陆 ante而'" a，昭 p西te.
rior lib阳 10α划出sappean咱 asa COf1臼啤，ha田， and lhe lib国
attachmen忧。f Ihe poste刑。r cruciale Hgament, was idenl 而 ed
Then, the proximal tiblal anatomic axls was deflned by draw­
ing a circle langent to the proximal, anteriof, and p西terior tib卜

ialbα曲rs and lhen a second circle centered on the阳rimete町

。.f the fjrsl circle. The line connecting lhe centers of the circles 
叭 as defined as the libi剑 longitudinal axis. Third , the tibial 
slope a咱le was measured. (B, C) The a咱Ie between the 
line perpendicular to t嗣 lib阻IlcngitudinaJ axis and t陆 tang回t

10 tt昭 later创 and medial libial p恒teaus was the lal刨官1 and 
medial tiblal PTS , r.由pec1ively. The langent 10 lhe later副 and

med 创 libiaJ plateaus was defined as the line cαmecting 1闸
up田m耐t of sites on t闸 supertOr-anterior andρ西terior cor­
Ilces on the midd悔 slice between the m国tlat锁飞<lVmedial s忧e

and the central sagittal slice 

lateraVmedial slice and the central sagittal slice (Figure 
18 and lC) 

Allof 也he measurements were performed by 2 authors 
(Y.L. and G.S.). To detennine the interobserver and intra 
ob国rver reproducibility, the intraclassωπelation 

Pωterior Tibial Slope and pi田toperatiue Knee Stability 929 

cocfficient (lCC) was calculated by randomly seJecting 18 
putients (9 medial PTS and 9 lateral P1'S); ICC values 
> 0.9 were considered excellent, and values between 0.8 
and 0.9 we陀 considered g∞d." T嘀嘀 blinded observers 
measured both the medial and lateral PTS, and 1 indepen 
dent ob胆rver measured all 回lected patients twice 1 month 
apart. The interobserver and intraobserver ICCs for 山e

medial PTS measurement were 0.85 and 0.89, and the 
interobserver and intraobserver ICCs for the lateral PTS 
me8surement were 0.95 and 0.96, respectively 

Statistical Analysis 

AI1 analyses were performcd 00 SPSS software for Win 
dows (v 19.0, SPSS Inc, Chicago, Ininois, USA) and Graph 
Pad Prism (v 6.0, GraphPad Softwore , San Dicgo, 
California, USA). An a priori power analysis was con 
ducted. For a '" .05, a power of 0.8, and with a difference 
of ATT > 2 mm as significant, the calculated minimum 
sample sÎze was 33 patients. For α"" .05, a power of 0.8, 
und to dîs咄咄r a statistically significant (P < .05) correla 
tion of r > 0.45 between P'l'S and ATT. the calculated min 
imum sample size was 36 patients. As a result , 40 was set 
as an adequate sample 刷"

The normality tests demonstrated that p3 tient age, time 
from injury ωACLR， fo l1ow-up time, and ATT at final 
follow-up were not normally distributed , while both medial 
and lateral PTS wer巳 The Penrson i t后5t was used t.o com 
p"咱e sex, injury side, and distribution or the associated 
injury. 1'he interobserver and intraobserver reproducîbil-
1ty we陀 dewrmined by the lCC. The Kruskal-Wa11is and 
Manr、-Whitney U tesls were used ωcompare age , time 
from injury to ACLR, and fo l1ow-up time. A Speannan 
rank oorrelation test was perfonned ωidentify the rela 
tionship between PTS and ATT. A 1inear regression was 
conducted ωcalculate thc correlation coefficient and 
relationship between PTS and ATT A binary logistic 
陀grcssion wa5 also oonductcd 阳 determine the odds of 
ATT >5 mm in medial and lateral PTS 

A receiver operating chnracteristic (ROC) curve was 
drawnωidcntify the efficacy and thresholds of PTS as 
n predicωr of post.operative knee ant.erior stability. An 
area under the curve (AUC) of <0.7 was poor, 0.7 < AUC 
< 0.9wasg∞d， and AUC > 0.9 was considered an excellent 
predictor. Each point on the ROC curve was defined by the 
value ofspeαficityand 1 - sensitivity 田lculated from each 
value of PTS. 1'he threshold was a PTS value in which 出e
maxlmuII> Youden index‘ (Youden index "" specificity 斗'
sensitivity - 1) wns acquired. The leνel of significance 
was set as P < .05 

RESULTS 

For 81140 P也rticip町、t.s (28 male, 12 rcmaleJ, the mean :t star、
dard deviation nge was 23.5 :t 6.5 y曲 rs. AlI dat.a were 001 
lectcd a mean 27.5 主 3.0 mon出S a f\er ACLR. The mean 
mooinl PTS \\国 4.60 主 2.80， and the mean lateral P1'S w田
4.20 :t 3.40. A11 demographic dat.a and posωperative ATTs 
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TABLE 1 
Preoperative Demographic Data ofthe PTS Groupsa 

Li el αi 930 

P ValueÐ l万rs >5 30 < PTS <50 PfS <3 

Lateral 

455 925 

Medial 

609 227 

Lateral 
(n = 17) 

21 (1 4-37) 
1li6 

1 (0 .1-96) 

岛Iedial

(n = 19) 

20 (14-37) 
1岁?

1 (0 .1-96) 

Lat{)ral 
(n = 9) 

由(15-44 )

514 
1 (0 .1-60) 

23.5 (18-34) 
6μ 

1.25 (0.1-24) 

Medial 
(n '" 10) 

La teral 
(n '" 14) 

23.5 (\7-34) 
1212 

2.5 (0. 1-24) 

Medial 
(n = 11) 

23 (1 7-44) 
1011 

2 (0 .1-60) 

62 36 15 (1 1-20) 28 (25-37) 14 (12-17) 26 (24-31) 13 (1 2-24) 25 (25-37) 

64 
13 

29 
23 

9/8 

12 
0 

Age, median (range), y 
Sex. male/female , n 
Time from injuηto ACLR 

median (rangeλmo 
Follow-up tim~与 m~dian

(range), mo 
Injury side , le fl/right, n 
A回ociated injury, n 

Medial meniscus 川lJury

Lateral meniscus 同ucy

Medial + latεml 
meniscus injury 

1ν8 

11 

2 

4/5 

412 

7/3 

611 

915 

325 

411 

2 

5 • 

QACLR, anteri 汇 r cruciate ligament reconstruction; 凹S， posterior tibial slope. 
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Figure 2. The distribution of postoperative anterior tibial translation values among (A) the 3 m回国 and (8) 3 lateral posterωr tibial 
slope groups 

…2 mm < postoperative ATT < 5 mm _ posto阻ralive ATT s2 mm 

lateral PTS: P '" .008). The odds ratios (QRs) were 1.76 
(95% confidence interval lCI1, 1. 14-2.72) for the medial 
PTS and 1.68 (95% CI, 1. 14-2.46) for the lateral PTS 

To explore the thrcshold, an ROC curve was drawn (Fig 
ure 4). The AUC of thc mcdml PTS was 0.83 主 0.08 (P = 
003). The threshold of the medial PTS was 5.60 (sensitiv 

ity: 77.8呢 specificity: 77 .4%). Patients with a medial 
IYfS > 5.60 had 3.5 times (OR, 3.5; 95% CI , 1.4-8.4; P = 
006) the risk of postoperative ATT ? 5 mm compared 

with patients with a medial P'TS :55.6。

Lateral PTS was also an effectivc predictor of postoper­
ative ATT ? 5 mm (AUC '" 0.85 ::+:: 0.07; P = .002). The cut 
o何 value was 3.80 (sen副tivity: 100%; specificity: 58.1%) 
The OR valuc was not reached b创cause of the abscnce of 
cases of postoperative ATI 2':5 mm with a lateral 
PTS <3.80 

arc lis怡d in Table 1. There we陀 no significant di忏ercnces
among the medlal and lateral fYfS groups 

The distribution of postoperative ATT va\ues is il1us 
trated in Figure 2. l'he group with a lateral PTS ;::>:50 had 
significantly more cases of postopcrative ATT ? 5 mm 
than the group with a lateral P'TS <30 (P = .016) (Table 
2). A significant di fTerence also existed between the groups 
of medial fYfS 2':50 and medial P'TS <30 (P = .005) 

A significant but moderate linear cOlTelation was found 
betwecn the medial (r '" 0.41, ß =: .33 ::+:: .11 , P = .01) and 
lateral PTS (r '" 0.40, ß '" .23 士 10 ， P = .01) and posωpm 
ative ATI (F飞gure 3) 

When all of the patienis were separated into 2 gy刀Up"
corresponding to postoperative ATI ? 5 mm and ATI 
<5 mm, the binary logistic regr础sion revealed an associa 
tion between PTS and A TI 三5 mm (medial PTS: P = .011; 
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TABLE 2 
P .. ωperative AIT of the P'TS Groups" 

PTS <3" 30 < P1'S <50 PTS >5~ 

Medial Latcral Medial La teral Mcdial Lat.eral 
(n ,. 11 1 (n c 14) (n = 10) (n.9) (n'" 19) (n z 17) Tot.al, n (咱哥}

P咽toper且tive Aγr ， " 
.，吁‘ <2 ~ 9 10 s 5 7 6 21 (52.5) 
2 mm < A'IT < 5 mm 4 s 2 4 4 10 (25.0) 
A'M' >5 mm 。 。 2 8 7 9 (22.5) 

叮、e陀 waa a st.a tistieaJJy signîfieant di叮ε陀nee in the distribution of阳stoperative antcrîor tibial tran州ation (A'l'T1 among the 3 medîal 
R鸿teMor tibial slope (PTSJ groups IInd among ‘he 3 lateral PTS group5伊 .18 and P '" .046, respectivcly) 

A a r= .41 p=.01 
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Figure 3. The re叶剑 ionship belween posloperalive anterior tibial translation (A了T) and (A) laleral 阳sterior libial slo阳 (PT5) (, = 
o 咽， ρ< .005) and (8) mecial PTS (r = 0.36, P = .02). Speannan corγ'elalioo analysis and linear r.吨惜ssion showed a moderate 
bul significant correlatio 、 belwe锐、 both iateral and medial PTS and postope阳tive ATI 

DISCUSSION 

The principal purpose ofthis study was to identify the rela 
tionship betwcen PTS and pos回perative ATT. The present 
results supported the hypo:hesis. The most important 自ind
ing of this study was the moderate but signîficant corre1a 
tion between A'TT and both the medîal and lnteral PTS. In 
addition, patients wi山 8 medial PTS > 5.60 or lateral PTS 
>3.80 have a higher risk of AIT ?5 mm 

The MRI measurement protocol applied in the present 
study wns invented by Hudek et nl 11 and 陀commcnded
by Lipps et al,13 who rc回rted good. ωexcellent interob 
server and intraobservcr reproducibility. 1n the present 
study, we nchieved a medial and lateral PTS of 4.60 主

2.8<> and 4.20 ::!: 3.40 (P ", .094), respectively, which WCre 
comparable with those in a previous study by Hudek 
et al,lo who reported a mean medial nnd lateral P1'S of 
4.6" ::!: 2.40 and 5.00 ::!: 3.6气 respectively ， without a signifi 
cnnt differcnce (P '" .248) among patients 

When comparing postoperative ATI among grou阳 with

a PTS <3<>, 3 主P1'S < 5' , ond PTS ~5" ， the re航l l t.s demon 
strated that the group with a P'TS ~5<> hnd significnntly 
more coses of AIT ~5 mm than the group with a PTS < 30 

(P = .016). Until now , there had been no consensus for grad 
ing or clnssifying PTS.8 Hohmann et a俨町、itrarily divided 
PTS into 3 inte阿 als-Q<> ω4"， 5" to 9 , and > 10。由、d

found an anterior tibial slope with a value thnt was higher 
and mo陀 extcnded than that in the p陀5ent study. This dif. 
feren国 maybe 抽回uωlaternl radi唱raphs we罔 applîed in 
the Hohmnnn et nlll study. Hudek 吼 al 11 claimed that the 
P'TS measured on a laternl radiograph was higher than 
出且 obtained from MRl. ßn酣d on the lateral rad;喃raphs，
the PTS rnnged from 6.10 to 10.10,1.11.13.20.22 wherens the 
MRI mensurements of the lnteral PT'S rnnged from 4.90ω 
5.3",10,11.15 which were smaller than the measurements 
obtained from the lateral radiog.-aphs 

Recentiy, other rescarchers have dcmonstrnted a rc1a: 
tionship between PrS and ACL i时 ury. Hashemi et alo 

demonstrated that lateral P'1'S is a nsk factor for complete 
ACL tears using MRI scnns. Similarly, Sonnery-Cottet 
et al11l also îdentified a steep PTS as a significant nsk fac 
lar for ACL rupturcs using Interal rndiographs 

As PTS has been proved 10 be a risk factor for ACL inju 
ries, lhe mechanism of PTS influencing the kinetics and 
kinematics of the knee joint has been investigatcd.5， 1!>-17皿
白ffin et n俨 perfonned osteotomies in 10 cadavcr比 kn四8
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Figure 4. The receiver operating characteristic (ROC) cUlve f.α 
medial and lateral p田terior tibial slope (阿创刊e area under 
the curve was 0.83 = 0.08 for the mediaJ PTS 俨=田3) and 
O岛主 0.07 阳 the 阳te耐 PTS 俨=回到There was no 二 Qnif­
归时 differe吨ebe何酬 the m国ial and lateral 同S(P=h白

to inc陀ase PI'S to an average of 4.40. Under a 200-N 皿iaJ
force , at 300 of f1exion, ATI w制 signîficantly increascd to 
4.7 rnm. Shelburne et al 17 reported that 由e changes in tîbial 
shear force , ACL force , and AτT were linearly related to the 
change in PTS usmg a 3-dimensional musculoskele如i
mode l. The authors reported t加at a 50 inCf、ease in P1'S 
resulted in a 2-mm inc陀ase in ATr when standing. A statis 
tical analysis conducted by Dejour and Bonninz revealι吐
that a lOo increase in the tibial slope resulted in a 3-mm 
1n crea捕 on the radiological Lachman test. In the present 
study, acoording to the linear cor 飞elation analysü鸣， calcu 
lated from the slope (巳) of medial and lateral PTS multiplied 
by 10, itwε泪 revealed that a 100 increase in the medial and 
lateral Pl'S would re喝ult in an increase in postop叮atlve
AT1' of 3.3 mm and 2.3 mm , respe山由 Thzs mult w拥
consistent with that of Dejour and Bonnin,2 but the meas 
Ureyten恼 were slight忖 lo~er than those reported by Giffin 
et al~ and Shelbume et al. 17 This discrepancy may ~ att叫 b
utab!eωthe axial force in the Giffin et ai5 st~dy ， rather 
than the maximum manual displacement of the pre四nt
study, and the choice of human pa此icipants ， rather 由an
a co~puter model or cadave~c knees in the studi臼 by Gîffin 
et al" and Shelburne et a l. 17 

However, all of由e above stud>es only reg盯ded the cor 
relation between PI'S and primary ACL injuries. To our 
knowledge , there have been only ~ few studiesS,21,22 con 
cerning the a四川ociation between PTS and the clinîcal out­
come of ACL-reconstructed knees. Consistent w拙 th，
present study, Webb et al21 reported that an inc陀as，d
PTSw臼 associated with an increased odds of a further 
ACL injury after ACLR in a prospective study of2∞∞n"" 
utive partiαpants and 出的 ACL injuries after r配onstruc­
t lOn were inc 、eased by a factor of 5.2 with a PTS > 120 
USIr、g lateral f[也 ographs. According to a bin町Ic品 ti，

The A /1lerican Journal of Sport.~ Medicine 

regre山sion ， they concluded that PrS in f1 uences both pri 
mary ACL injurie~，~and those that occur after ACLR 

Zaffagnini et a122 observed a significant positive correla­
tion (r '" 0.64, P = .04) between PTS and manual maximum 
disp!acement with a KT-1000 arthrometer ofthe indexed 
knee at final follow-up. Nevertheless, the author写 only
emphamzed the absoiuse value d-the tndexed knee rather 
than the measurement ofthe SIde-to SIde dIiTerence-whlch 
附 a l>eturmpresenMMn of knee stdIlzty Moreover! 
Zaffagnini et al22 evaluated PTS in the setting of high tîb. 
ial osteotomy and ACLR, which was a 出他rent population 
from those ofthe pre相nt study and the Webb et al21 studv 
ln the present study, a si伊ificant but moderate cor陀MUon
was detected between PTS and postoperative ATI (medial 
r = 0.4 1, P = .01; lateral: r = 0.40, P '" .01) 

Inwres山ngly， Hohmann et al l'! reported that among 24 
patients who underwent ACLl元， those with a higher PI'S 
had more functional knees a创:ordingωthe Cincinnati 
Knee Rating Scale. From their perspec创刊， it is conceivable 
that an inc陀ase in PTS lengthens the hamstr才n"，臼ld ena 
bles them 协 operate over a more efficient p。吨ion of the町
length-tension relation and therefOl吧 improve knce j创 nt sta 
bil即 Although the Cincinnati Kn四RatingS咀Je consists of 
the side- to-side düference m田surements 、<Vith a KT-1创lO
arthrome企;er， the relationship between ATI and PrS was 
not repo内ed in the literature. The mechanism and a mo陀
detailed relationship should be furlher investigaωd 

To provide an insight into the relationship between PTS 
and A1T :::5 mm , a further analysis was conducted in the 
present study. To our knowleàge, there is no publish副d lit. 
erature investigating the correlation be也.ween PTS and 
A丁寸 or describing the threshold of PTS as a risk facwr 
for A'IT >5 mm 

In the present study, the calculation indicated that the 
medial or lateral PTS were risk factors for AT1' >5 mm 
with an OR of 1.76 and 1 曲， respectively , which were com 
parable wi出 t?resuIMofan mtons阴阳dycondu阳dby
Hashemi et al ,6 who discovered that a P increment ofthe 
lateral PTS inc陀ased the risk of ACL injuries 1.17 times 

Moreover, the calculation of the threshold and efficacy 
of PTS as a predmtor of pc81operatlve ATT was alsoper­
fomldBased on ourGndlngs , both the medzal and lateral 
P1'S were shown ωbeg田d predictors for AT1' :::5 mm 
Furtherτnore ， based on the Hudek et al l1 measurement 
the ROC curve analysis revealed that the threshold of 
5.6

0 
for the medial PTS (with a sensitivity of 77.8% and 

a specificity of 77.4%) and 3.80 for the lateral PTS (with 
a sensitivity of 100% and a specificity of 58. 1%) 
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(4 ) no graft ruptures wcre documented among the 40 
patients at final follow-up. Second, accordingωth， 
IKDC guidelines? in which an abnormal ATI is dcfined 
8S being >5 mm, the r8te of an abnorm81 ATI was only 
7.5龟Last， the pre酷刑 sample 削ze W8S relatively small , 
so it may not be an ideal representation of the whole 
population 

There were severallimitations in this study. First, this 
study was a retr田阳-ctive case-control study with a rela 
tively small sample s ize of 40. However, according to the 
a prio ri power analysis, a sample 刷ze of 40 was large 
enough ror a power or 80需Second ， the mean 
follow-up time w国 27.5 months postθperatively ， which is 
relatively short for the evaluation of midtermω long­
term knee stability. Thi时， it was the initial MRI scans 
instead of the MRI scans a飞 finaI follow-up that were 
used for measuring PTS. As a result, the assumption had 
to be made that PTS remained unc业anged during the 
follow-up time. However, from our experience, the a nterior 
h时er or the tibia is harder 切 recogmzc on posωperative 
M阳 because of the drilled tunne l. If MRI scans at final 
follow -up were u回d ， the meaSllrement of PTS wOllld prob­
ably be less reliable. In addition, the inc1 usion of medial 
meniSCllS injuries, the rclatively low reproducibility of 
KT-l胁。 arthrometer measu rements, and the absence of 
fun ctional outcomes were al皿 lîmit.ations or this study 

Thc dinîcal relevance of this study was ( 1) the identifi 
cation ofPTS as a risk factor for postoperative s国tic ante 
rior knee instability and (2) a steeper PrS resulting in 
greater graft laxity, which suggests that patients wîth 
"ωep PTS should follow a more conservative rehabilita 
lion protocol. However, it should be noted that although 
the correlation was statistically significant, it was rela 
tivcly moderate. The c1 inical Eignificance should be evalu 
ated in further studies with a longer follow-up time and 
patient-oriented ou t.eome scores 

CONCLUSION 

There was a s ignificant but moderate corr、e l ation betw田n

PTS and postoperative s t.atic anterior knee st.ability in 
this study. Patien t.s with a steeper medial or latcral PTS 
were found to have a higher ri巳:k of ATT ~5 mm at a thresh 
创d of 5.6Q and 3.80, respectively 
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