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Abstract

Background. Anterior cruciate ligament (ACL) graft rupture has multifactorial causes, with traumatic factors
being the most prevalent. Modern literature presents conflicting data regarding the influence of the posterior
tibial slope on the risk of traumatic ACL graft rupture.

Aim of the study — to determine if there is a correlation between the posterior tibial slope and ACL graft injury
in patients who have previously undergone ACL reconstruction.

Methods. This was a single-center cohort retrospective study that included patients diagnosed with a
complete ACL rupture and who had undergone ACL reconstruction using standard techniques without graft
rupture at the last follow-up. Inclusion criteria for the first group included a diagnosis of traumatic ACL
rupture followed by reconstruction, a graft composed of semitendinosus and gracilis tendons (St+Gr), femoral
fixation with a cortical button, tibial fixation with a sleeve and screw, and the absence of graft rupture at the
time of the study. This group included 30 consecutive patients (15 males and 15 females) with a mean age of
36.3 years (min 17, max 59). Inclusion criteria for the second group included an indirect traumatic mechanism
of ACL graft rupture and subsequent revision ACL reconstruction. This group consisted of 33 patients (23
males and 10 females) with a mean age of 33.0 years (min 19, max 60). The lateral (LPTS) and medial (MPTS)
posterior tibial slopes were measured on lateral knee radiographs.

Results. The median time from surgery to the last follow-up in the first group was 65 months (IQR 60; 66),
while in the second group, it was 48 months (IQR 9; 84). The median MPTS in the first group was 7.8° (IQR 5.3;
9.4), while in the second group, it was 8.5° (IQR 7.5; 11). The median LPTS in the first group was 9.9° (IQR 8.4;
12.1), whereas in the second group, it was 12.0° (IQR 9; 15.4). There was no statistically significant difference in
MPTS and LPTS based on gender in both groups and the entire sample (p>0.05). When comparing LPTS values
between both groups, a statistically significant difference (p = 0.04) was found, with higher LPTS values in
patients in the second group (with ACL graft injury).

Conclusion. Increased posterior tibial slope, particularly LPTS, is identified as a potential predictor of ACL graft
rupture. The study demonstrates the impact of LPTS on the risk of ACL graft rupture (p<0.05) in cases of indirect
traumatic injury.

Keywords: revision ACL reconstruction, anterior cruciate ligament, posterior tibial slope, ACL graft rupture.

Cite as: Ryazantsev M.S., Logvinov A.N., II’in D.O., Magnitskaya N.E., Zaripov A.R., Frolov A.V., Afanasyev A.P.,
Korolev A.V. Influence of Posterior Tibial Slope on the Risk of Recurrence After Anterior Cruciate
Ligament Reconstruction. Traumatology and Orthopedics of Russia. 2023;29(3):46-52. (In Russian).
https://doi.org/10.17816/2311-2905-7986.

DA Mikhail S. Ryazantsev; e-mail: ryaz.doc@yandex.ru
Submitted: 07.03.2023. Accepted: 01.09.2023. Published online: 07.09.2023.

© Ryazantsev M.S., Logvinov A.N., II’in D.O., Magnitskaya N.E., Zaripov A.R., Frolov A.V., Afanasyev A.P., Korolev A.V., 2023

46 2023;29(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://crossmark.crossref.org/dialog/?doi=10.17816/2311-2905-7986&domain=PDF&date_stamp=2023-09-15

CLINICAL STUDIES

HayuHas cTatbst D)ey ]

VK 616.728.38-089.844-06:616.718.5
https://doi.org/10.17816/2311-2905-7986

BnugHue 3apHero HaknoHa 60nbwebepL0oBOit KOCTU Ha PUCK peumnamBa
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Pedepar

AKkmyansHocme. PaspbIBayTOTpaHCIUIaHTaTaIepeaHelikpecToobpasHoiicBsa3ku ([TKC) umMmeeTMHOT0(aKTOPHYIO
MpuUpoay, IpuueM TpaBMaTudeckuit ¢pakTop IpeBaiupyeT Hafi OCTAIbHbBIMU MIpUUYMHaMK. B iuTepatype nme-
IOTCSI IPOTUBOPEUMBBIE TAaHHbIE OTHOCUTEIBHO BIAMSHUS 3aJHEr0 HAK/IOHA OOMbIIe6epIIOBOI KOCTM HA PUCK
TpaBMaTHUUECKOTO pa3peiBa TpaHciuianTaTa [TKC.

Llenwv uccnedosanus — onpenennTb, CyIIeCTBYET IV CBSI3b MEKAY 3aHMM HAKJIOHOM OO0JIbIe6epIIoBOi KOCTU
¥ TIOBpEXXIeHMeM TPaHCIUIAHTaTa MepeqHeii KpecTooOpasHoli CBSI3KM Y MAIlMeHTOB, KOTOPBIM YiKe OGbLiIa Mpo-
BeJleHa PeKOHCTPYKLMS TlepeaHeli KpecTooOpasHOi CBSI3KM.

Mamepuan u memoodsi. B MOHOIIEHTPOBO€E KOTOPTHOE PETPOCIIEKTMBHOE MCCIeIOBaHMEe BOILIN MTAllMEHTHI, Y
KOTOPBIX ObUT IMArHOCTMPOBAH MOTHbIN pa3psiB ITIKC 1 BBIMIONIHEHA ee PEKOHCTPYKLMS IO CTaHAAPTHON Me-
TomuKe Ge3 pasphiBa ayTOTPAHCIIAHTATa HA MOMEHT MOC/IeJHET0 OCMOTpa. Kputepnuy BKIIOUEHMS B TIEPBYIO
TPYIIY: AMarHOCTUPOBAHHbBIV TpaBMaTuueckuii pa3poiB [IKC ¢ mocnenyomnieil peKOHCTPYKIMel; TpaHCIIIaH-
TaT U3 CJIOKEHHBIX TTOIT0JIAM TTOTYCYXOKMIbHOM U HexkHOI Ml (St+Gr); 6empeHHast puKcanmusi KOPTUKAIb-
HOJt TyroBuiIleit, 6osbiie6epiioBas Gpurcanmusi — rwib3a + BUHT; OTCYTCTBME pa3pbiBa TpaHcIuiaHtata ITKC
Ha MOMEHT MPOBEIEeHUs] UCCIAeNOBaHMs. B aTy rpynmy 6sut 0ToO6paHbl 30 MOC/IeIOBATENbHbBIX IAlVIEHTOB
(15 mys>kumH 1 15 >KeHIIMH), cpemHMiT Bo3pacT 36,3 (min 17, max 59) net. Kputepun BKIIOUEHNMS BO BTOPYIO
TPyIITy: HEMTPSIMO¥ TpaBMaTHUUECKMIT MexaHU3M pa3pbiBa ayToTpaHcrianTata [IKC, BeiloTHeHHAs! PeBU3MOH-
Has mwiactuka [IKC. B aty rpynmy Bomwn 33 mamueHTa (23 my>kunHbl 1 10 XeHIIWH), cpegHuit Bospact 33,0
(min 19, max 60) roma. Y Bcex nanyeHTOB M3Mepsiau gaTepanbhbiil (LPTS) u meguanbubiit (MPTS) 3agHmit Ha-
KJIOH 60J1bIIe6epIloBOI KOCTY Ha PEHTTEeHOTpaMMax B 60KOBOJ ITPOEKIINUMA.

Pesynsmamoi. MeiyiaHa BpeMeHMU, ITPOIIIe/IIIero ¢ MOMeHTa oIepalyu 10 ocaeHero KOHTPOAbHOTO OCMOTPA,
B MepBoOi1 rpyrine cocraBuia 65 mec. (IQR 60; 66); Bo BTopoit — 48 mec. (IQR 9;84). Meauana MPTS B nepBoit
rpymme cocraBwia 7,8° (IQR 5,3;9,4); Bo BTopoit — 8,5° (IQR 7,5;11). Meguana LPTS B riepBoii rpyrne — 9,9°
(IOR 8,4;12,1); Bo BTOpOIiT — 12,0° (IOR 9;15,4). He 651710 BbISIBIEHO CTATUCTUYECKY 3HAUMMOI PasHUIIBI MEKTY
MPTS 1 LPTS B 3aBMCMMOCTH OT IT10J1a B 06€MX TPYIIax 1 Bceit BIOOPKe B 11esioM (p>0,05). ITpy cpaBHeHMM 3Ha-
yennit LPTS B 06eMx rpymmax rmojyuyeHa CTaTUCTUUeCKY 3HaunMast pasuuiia (p = 0,04) ¢ 66/1bIIMM 3HaUYEHVEM
LPTS y nauiieHTOB BTOPOVi IPYIIIHI (C TOBpeXxaeHueM TpaHcrnanTaTa [1KC).

3axntouerue. OMHMM 13 BO3MOXXHBIX ITPEIVKTOPOB pa3phiBa ayToTpaHciuianTara [TKC siByisieTcsl yBeIMueHHbIN
3aHMII HAKJIOH 60JIbIIe6epIloBOI KOCTY. BBISIBIIEHO BAMSHME JIaTepaIbHOTO 3aHET0 HAKJIOHA O0JbIe6epIio-
Boii koctu (LPTS) Ha puck paspbiBa ayroTpaHciuiantara ITKC (p<0,05) mpu HenmpssIMOM MeXaHM3Me TPaBMBbI.

KiroueBsble CJIOBa: epeqHsst KpecTooOpasHas CBsI3Ka, peBu3MoHHas ractuka ITKC, 3agHmii Hak/Io0H 60sblie-
6epI110BOJ KOCTH, pa3phIB TpaHcIianTaTa ITKC.
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BACKGROUND

The number of surgeries for anterior cruciate lig-
ament (ACL) reconstruction annually increases
[1, 2], leading to a rise in revision reconstructions
[3, 4]. Literature reports a revision ACL surgery
rate of 3.2-3.6% after 5-7 years, with young age
being a predisposing factor [3, 5].

Repeat trauma is one of the main causes of au-
tograft rupture. According to R. Magnussen et al.,
the proportion of traumatic autograft ruptures
ranges from 46 to 56% [6].

There is evidence that an increased posterior
tibial slope (PTS) may be a predisposing fac-
tor for autograft rupture of the ACL in the early
postoperative period, especially in women [8],
contralateral ACL rupture [7], and medial menis-
cus rupture (with PTS values >13°) in an unstable
knee joint [7, 8, 9]. An increased PTS affects rota-
tional stability in patients with ACL rupture and
leads to greater translation of the tibia after liga-
ment reconstruction [10, 11]. Reducing the PTS
significantly reduces the load on the ACL graft
under axial loading by reducing anterior-poste-
rior displacement of the tibia [12, 13].

Aim of the study to determine if there is a cor-
relation between the posterior tibial slope and
ACL graft injury in patients who have previously
undergone ACL reconstruction.

METHODS

Study design: Single-center retrospective cohort.

The study included patients diagnosed with
a complete ACL rupture who underwent ACL
reconstruction at the European Clinic of Sports
Traumatology and Orthopedics (ECSTO) using
standard techniques without autograft rupture at
the time of the last examination.

Inclusion criteria for the first group were:
diagnosed traumatic ACL rupture followed by
reconstruction at the clinic; a graft consisting
of half-semi-tendinous and gracilis tendons
(St+Gr); femoral fixation with a cortical button,
tibial fixation with a sleeve and screw; no ACL
graft rupture at the time of the study. Exclusion

criteria consisted of the use of a different graft
or a different method of autograft fixation.

Inclusion criteria for the second group were:
indirect traumatic mechanism of autograft ACL
rupture, revision ACL reconstruction. Exclusion
criteria consisted other reasons for instability af-
ter ACL reconstruction and the absence of revi-
sion ACL reconstruction.

An indirect mechanism of injury was defined
as rotation, hyperextension, valgus/varus, or
combinations of these single-plane forces in the
absence of direct physical impact and external
force applied directly to the knee joint.

After applying the inclusion and exclusion cri-
teria, 30 consecutive patients (15 males and 15
females) were selected for the first group, and 33
patients (23 males and 10 females) were selected
for the second group.

The lateral (LPTS) and medial (MPTS) poste-
rior tibial slopes were measured on lateral knee
radiographs.

Technique for measuring MPTS and LPTS
on X-rays

Measurements were conducted using the
Radiant DICOM Viewer, v. 2021.2 (Medixant,
Poland). To minimize measurement errors, two
senior physicians from the department indepen-
dently performed measurements, and the aver-
age value of all measurements was determined.

The posterior tibial slope was determined on
lateral-view knee radiographs relative to the an-
atomical axis of the tibia. This was determined
by inscribing two circles on the proximal part of
the shin, 5 and 15 cm distal to the joint surface,
and drawing a line connecting their centers. The
surface of the medial (blue line) and lateral (red
line) tibial plateaus was determined (Fig. 1). The
angle between the tangent and the central axis
of the tibia was measured. MPTS and LPTS were
determined using the formula:

MPTS and LPTS = 90° - the angle between
the anatomical axis of the tibia and the tangent
drawn along each plateau.
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Statistical analysis

Statistical data analysis was carried out using IBM
SPSS Statistics 21 (IBM corp.) and STATISTICA
12.0 (Stat Soft, Inc). Quantitative data are pre-
sented as box plots. Normality of distribution
was assessed using the Kolmogorov-Smirnov
test. For normally distributed data, means with
minimum and maximum values are presented;
for non-normally distributed data, the median
(Me) with interquartile range (IQR) is provid-
ed. To compare data between two independent
groups, the Mann-Whitney U-test was used, and
for data comparison across multiple independ-
ent groups, the Kruskal-Wallis test was applied.
A critical level of statistical significance was set
at p<0.05.

Fig. 1. Determination of the medial and
lateral posterior tibial slope on lateral
knee X-rays:

a — medial tibial plateau surface

(blue line);

b — lateral tibial plateau surface

(red line)

RESULTS

At the time of surgery, the two groups were com-
parable in all parameters (Table 1). MPTS and
LPTS values for both groups of patients are pre-
sented in Figure 2.

Upon data analysis, no statistically signifi-
cant difference was found between MPTS and
LPTS based on gender in both groups and in the
overall sample (p>0.05). When comparing MPTS
values, no statistically significant difference was
observed between the groups (p = 0.2). However,
when comparing LPTS values, a statistically sig-
nificant difference was observed (p = 0.04), with
higher values in the second group of patients
(with ACL graft damage).

Table 1

Characteristics of patients in both groups

Indicator First group

Second group

Mean age, years

Time between surgery and
examination, months

MPTS, °
LPTS, °

36.3 (min 17, max 59)
37.5 (IOR 62;66)

7.8° (IQR 5.3;9.4)
9.9° (IQR 8.4;12.1)

33.0 (min 19, max 60)
48.0 (IQR 9;84)

8.5° (IQR 7.5;11.0)
12.0° (IQR 9.0;15.4)
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Fig. 2. Posterior tibial slope measurements in two groups of patients based on lateral knee X-rays:

a — medial tibial slope; b — lateral tibial slope

DISCUSSION

Reconstruction of the anterior cruciate ligament
(ACL) is a reproducible procedure with good
long-term outcomes [2]. However, graft rupture
leads to the need for revision surgery, increases
the risk of additional intra-articular injuries, and
revision surgery is technically more challenging
for the surgeon with worse outcomes compared
to primary ACL reconstruction [4, 14, 15]. The
main cause of graft rupture is repeat trauma,
with an indirect mechanism of injury predomi-
nating (60% of cases) [16].

The potential influence of an increased poste-
rior tibial slope (PTS) on ACL autograft rupture is
actively discussed in the literature [7, 10, 12, 17,
18]. There is an opinion that PTS increases the
load on the ACL due to an increase in anterior
tibial translation [11]. The results of a study by
E. Hohmann et al. showed that increasing MPTS
and LPTS increases the risk of non-contact ACL
graft rupture [17]. K.M. Bojicic et al. identified
the influence of PTS on ACL graft rupture regard-
less of BMI [19]. A study by J. Webb et al. showed
that the risk of graft rupture increases when PTS
is greater than 12° [18]. However, F. Blanke et
al. did not find a relationship between PTS and
graft rupture with an indirect mechanism
of injury [20].

Different methods for measuring PTS exist:
via radiographs, CT, and MRI [21]. This compli-
cates the comparison of results obtained between
studies.

Z. Ye et al. assessed PTS on MRI using me-
chanical (mechanical PTS) and anatomical (ana-
tomical PTS) axes of the tibia and found a signifi-
cant difference in values between patients with

and without ACL graft rupture: mechanical PTS -
10.7°£2.9° vs. 8.7°%1.9° (p = 0.003) and anatomi-
cal PTS - 13.2°42.8° vs. 10.5°%2.5° (p<0.001) [22].

In our study, we used the measurement meth-
od proposed by R.]J. Napier et al. based on later-
al-view knee radiographs [7]. This method was
chosen due to its good reproducibility and the
availability of radiographs in patients with a cap-
ture of more than 15 cm of the proximal tibia.

A study by Rahnemai-Azar et al. showed that
an increased lateral PTS of the femoral condyle
is a predictor of rotational instability in patients
with ACL rupture [10]. In our study, a statistically
significant difference was found when compar-
ing LPTS values between groups (p = 0.04), with
higher values in the second group of patients
(with ACL graft rupture). The influence of MPTS
on the likelihood of graft rupture was not identi-
fied. This suggests that the influence of LPTS on
graft rupture may be due to greater anterior-pos-
terior displacement of the lateral compartment,
creating an additional rotational component that
increases the load on the ACL graft.

Study limitations

Our study has limitations related to the complex-
ity of comparing the obtained data with other
works due to the large number of techniques for
measuring the posterior tibial slope.

CONCLUSION

ACL graft rupture has a multifactorial nature,
and one of the possible predictors is an increased
posterior tibial slope. In our study, the influence
of lateral posterior tibial slope on the risk of ACL
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graft rupture (p<0.05) with an indirect mecha-
nism of injury was identified.

Given the contradictory data in the literature
regarding the relationship between ACL graft in-
jury and posterior tibial slope, further research
with a focus on large samples and standardized
measurement methods is needed.
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