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ABSTRACT

Aim: Despite the improvements in Anterior cruciate ligament recontruction (ACLR) surgery,
results of revision surgeries are not satisfactory. One of the most current reasons that increases
the risk of revision surgery after ACLR is the posterior tibial slope angle (PTSA). In this study, the
relationship between posterior tibial slope angle and rupture after primary and revision surgery
was investigated.

Methods: Patients over 18 years of age who underwent primary ACLR (primary group), patients
with re-rupture (revision group) and individuals without any ligament injury (control group)
were included in the study. Knee joint images of the participants were obtained by retrospective
archive search. The posterior tibial slope angles in the included knee radiographs were
measured using the anterior tibial cortex method.

Results: The study evaluated knee joint images of 124 patients in the primary group, 39 patients
in the revision group and 100 participants in the control group. Intra-observer and inter-
observer reliability of PTSA measurements was found to be appropriate. A statistically significant
difference was observed between the mean tibial slope angle measurement of the control,
primary and revision groups. (p=0,0001). It was found that the risk of primary anterior cruciate
ligament (ACL) injury and ACL re-rupture for an individual with PTSA>11.4 was 7.6 times and 9.58
times higher, respectively, than for an individual with PTSA<11.4°.

Conclusions: Higher PTSA was observed to be an anatomical risk factor for primary and
secondary ACL injuries. Patients with higher PTSA should be evaluated for additional risk factors
and slope-reducing surgeries should be applied to these patients when necessary.

Keywords: Anterior cruciate ligament, graft failure, reconstruction, revision surgery, tibial slope
angle.

6z

Amag: On capraz bag rekonstruksiyonu (OCBR) cerrahisindeki gelismelere ragmen revizyon
cerrahilerinin sonuglari tatmin edici dedildir. OCBR sonrasi revizyon cerrahisi riskini artiran
nedenlerden en guncel olanlarin basinda posterior tibial egim agisi (PTSA) gelmektedir.. Bu
calismada, posterior tibial egim agisi ile primer ve revizyon cerrahisi sonrasi meydana gelen
rUptdr arasindaki iliski incelenmistir.

Gereg ve Yéntemler: Primer OCBR gegiren 18 yas Ustu hastalar (primer grup), rertptur olan
hastalar (revizyon grubu) ve herhangi bir bag yaralanmasi olmayan kisiler (kontrol grubu)
calismaya dahil edilmigtir. Katiimcilarin diz eklemi géruntuleri retrospektif arsiv aramasiyla elde
edilmistir. Dahil edilen diz radyografilerindeki posterior tibial egim agilari anterior tibial korteks
yéntemi kullanilarak élgtlmustur.

Bulgular: Calismada primer gruptaki 124 hastanin, revizyon grubundaki 39 hastanin ve kontrol
grubundaki 100 katilimeinin diz eklemi géruntuleri degerlendirilmistir. PTSA élgtmlerinin gézlemci
ici ve gozlemciler arasi guvenilirliginin uygun oldugu bulunmustur. Kontrol, primer ve revizyon
gruplarinin ortalama tibial egim agisi 6lcumu arasinda istatistiksel olarak anlamli bir fark gézlendi.
(p=0,0001). PTSA>11,4 olan bir bireyde primer én ¢apraz bag (OCB) yaralanmasi ve OCB tekrar
kopmasi riskinin sirasiyla PTSA<I1,4° olan bir bireye goére 7,6 kat ve 9,58 kat daha yuksek oldugu
bulundu.

Sonuglar: Daha yuksek PTSA'nin primer ve sekonder OCB yaralanmalari igin anatomik bir risk
faktéru oldugu gozlemlendi. Daha yuksek PTSA'ya sahip hastalar ek risk faktérleri agisindan
degerlendiriimeli ve gerektiginde bu hastalara egim azaltici cerrahiler uygulanmalidir.

Anahtar Kelimeler: On ¢apraz bag, greft yetmezligi, rekonstriksiyon, revizyon cerrahisi, tibial
egim agis.
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INTRODUCTION

An increase in the incidence of anterior
cruciate ligament (ACL) rupture is being
observed due to the increase in the number
of individuals participating in sports (1). With
advancements in surgical techniques, the
widespread use of arthroscopy and an
increase in the incidence of ACL injuries,
there has been a similar increase in the
number of ACL reconstruction (ACLR)
surgeries. Despite the improvements in
surgical techniques and graft options, the
failure rate of ACLR still varies between
3-10% (1). Unfortunately, ACL revision surgery
does not provide as impressive results as
primary ACLR surgery (2).

It is known that the likelihood of re-injury
after ACLR depends on various risk factors
(2). These risk factors are classified
as extrinsic (modifiable) and intrinsic
(difficult to modify) factors (3). Although
developments in reconstruction surgery
are being aimed at limiting extrinsic factors
that may cause graft failure, there is less
data available on the improvement of
intrinsic factors (4).

In recent studies, it has been found that
posterior tibial slope angle (PTSA) is related
to strain that occurs in ACL (5). In cadaver
studies, it has been shown that increasing
posterior tibial slope increases the shifting
of the tibia to the front of the femur (5). Thus,
it is thought that increased PTSA is related
to primary ACL injury and graft failure after
ACLR. In a prior study, it has been reported
that the risk of ACL graft failure is 7 times
higher in adults with PTSA>12° (6).

Reducing the rate of ACL re-rupture is
important for improving the rates of return
to sports and daily activities without pain
after ACL revision surgery. (7,8). In this study,
it was aimed to compare PTSA of knees
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with ACL injuries requiring revision surgery
and knees that did not suffer re-injury after
primary surgery. The hypothesis of the study
is that PTSA will be higher in knees that need
revision surgery.

MATERIALS and METHODS

Patients were evaluated after approval was
obtained Ethics Committee (Decision No:
879-03.09.2021). The study was conducted
under the principles of the Declaration of
Helsinki. After the approval of the ethics
committee was obtained, knees that had
suffered an ACL injury and subsequently
underwent surgery (primary group) and
knees in need of revision surgery (revision
group) were identified by a retrospective
scan of the last 4 years. Images of patients
over the age of 18 that were taken at least
9 months after surgery were included in
the study. All of the selected primary ACLRs
were performed with hamstring autografts.
All primary surgeries were performed using
the anatomical technique. Secondary
interventions applied to the patients
included in surgery notes were identified
and noted. A total of 163 patients over
the age of 18 who underwent ACLR or
correction ACLR, were regularly followed up
and followed the protocols. Patients with
advanced osteoarthritis, those who had
no follow-up and radiological imaging,
those who underwent HTO in the same
session, those with multiligament injuries,
and those with ACL injuries from the other
knee were excluded from the study. The
control group included patients who had
not undergone any orthopedic surgery,
had magnetic resonance imaging (MRI),
did not require additional surgery, did not
have osteoarthritis, and were asked for an
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MRI due to suspected meniscal injury but
did not detect any pathology. From the
available knee radiographs, images that
allowed measuring the tibial slope angle
(true lateral radiographs with femoral
condyles overlapping) were selected for
evaluation (Figure 1,2). In addition, PTSA of
knee radiographs obtained from patients
who did not have ligament and meniscus
injuries were measured and included in the
study as a control group. Measurements
included in the study were performed
blindly to each other by an orthopedics
and traumatology specialist and a sports
medicine specialist. To measure intraclass
correlation, measurements were made
twice, 4 weeks apart. PTSA measurements
of images obtained from lateral knee

Figure 1: Figure of PTSA measurement in a patient
undergoing ACLR
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radiographs were made via the built-in ruler
in the Extreme Pacs v.3858 software system
using the anterior tibial cortex method. First,
a tangent line was drawn to the anterior
cortex proximal to the tibia to represent
the longitudinal axis of the tibia. A second
line perpendicular to the longitudinal axis
was drawn. Lastly a third line tangential
to the tibia plateau was drawn. PTSA was
accepted as the angle between 2nd and
3rd lines. (9).

Statistical Analysis

The statistical analyses of the data included
in the study were performed using NCSS
(Number Cruncher Statistical System) 2007
Statistical Software (Utah, USA) package
program.

Figure 2: Figure of PTSA measurement in a patient
undergoing revision ACLR



Does an Increase in the Tibial Slope Risk of Anterior Cruciate Ligament? - Ates and Ogul

Genel Tip Dergisi

Table 1. Intra-rater reliability

Rater1 Rater 2
. Intraclass
Intraclass Correlation .
. . Correlation
Coefficient (95% CI) .
Coefficient (95% CI)

Control Group 0,989 (0,983-0,992) 0,985 (0,977-0,990)

Primary Group 0,985 (0,979-0,990) 0,985 (0,978-0,989)

(
Revision Group 0,975 (0,953-0,987) 0,969 (0,940-0,984)
(

All Groups 0,991 (0,989-0,993) 0,990 (0,987-0,992)

Table 2. Inter-rater reliability
Inter-Class Correlation Coefficient
(95% 1)
0,981 (0,975-0,986)
0,977 (0,970-0,982)
0,962 (0,940-0,976)
0,987 (0,984-0,989)

Control Group
Primary Group
Revision Group

All Groups

Table 3.Evaluation of mean tibial slope angle measurements

N PTSA Measurement
Control Group 200 8,52+2,55
Primary Group 248 12,88+3,05

78 16,37+£3,79
Revision Group

p 0,0001

PTSA: Posterior tibial slope angle (Since the measurements
were made twice, the total number in the two measurements
is stated in the median value)

Besides descriptive statistical methods
(mean, standard deviation), the distribution
of variables was examined with the Shapiro
— Wilk test of normality as part of the
evaluation of the data. One-way analysis of
variance was used for comparing normally
distributed Tukey's multiple
comparison test was used for comparing
subgroups. Independent t test was used
for comparing pairs of groups. Chi-square
test was used for comparing qualitative
data. Pearson correlation test was used
to determine the relationships between
variables. For differential diagnosis of

variables.
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Table 4. Comparison of mean tibial slope angle
measurements between groups using Tukey's multiple
comparison test

Tukey’s Multiple Comparison Test P

Control Group [ Primary Group 0,0001
Control Group [ Revision Group 0,0001
Primary Group [ Revision Group 0,0001

Table 5. Evaluation of the correlation between age and PTSA

Group PTSA Measurement
Control Group r 0,010

P 0,889
Primary Group r 0,066

Age

P 0,301
Revision Group r 0,069

P 0,546

PTSA: Posterior tibial slope angle

Table 6. Examining the distribution between groups when
PTSA212°

Control Primary Revision
Group Group Group
<12° 187 9350% 87 3508% 1 1410%
Measurement 0,0001
220 13 650% 161 6492% 67 8590%
PTSA: Posterior tibial slope angle
primary surgery and revision surgery

measurements, areas under the ROC Curve
were calculated and sensitivity, specificity,
positive predictive value, negative predictive
value and LR (+) values and cut-off values
of the variables were determined. A level
of significance of p<0.05 was accepted as
significant.

RESULTS

Measurements of 124 knee radiographs
belonging to the primary group, 39
belonging to the revision group, and
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control group/primary group

control group/revision group

Figure 3: Figure of ROC curve of the tibial slope for the control group: primer group and control group:revision group
(Vertical part sensitivity horizontal part specificity)

100 belonging to the control group were
included in the study. The mean age of the
primary group was 27.91+8.09, the mean
age of the revision group was 2918+7.25,
and the mean age of the control group
was 35.32+8.63. There was no statistically
significant difference between the groups
in terms of age (p>0.05). The average time
elapsed after surgery in the primary group
was found to be 24.15+8.51.

When the Ist and 2nd measurements of the
evaluators were evaluated for reliability, all
measurements were found to be above the
accepted value of 0.700, meaning inter-
rater reliability was high (Table 1-2).

A statistically significant difference between
the mean tibial slope angle measurements
of the control, primary and
groups was observed (p=0,0001), (Table
3). When Tukey’'s multiple comparison test
results were evaluated, the measurement
averages of the control group were found
to be statistically significantly lower than
the measurement averages of the primary
and revision groups (p=0.0001). The mean
measurements of the primary group was
observed to be statistically significantly
lower than the mean measurements of the

revision
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revision group (p=0,0001), (Table 4).

There was no statistically
difference between the age and tibial slope
angle measurements of all groups (Table
5).

significant

When the distributions of the measurement
results of the control, primary and revision
groups were evaluated, a statistically
significant  difference  was  observed
between measurement results (p=0,0001),
(Table 6). The distribution of measurement
results 212° in the control group was found
to be lower than the primary and revision
groups,andthedistributionof measurement
results 212° in the primary group was found
to be lower than the revision group.

The area under the ROC curve of the
measurement value of the primary group
was found to be 0870 (0.835-0.899).
Sensitivity, specificity, positive predictive
value, negative predictive value and LR(+)
value for a predictive value of >11.4° were
found to be 7218, 9050, 904, 724 and
7.60, respectively. The risk of primary ACL
injury was found to be 7.6 times higher in
individuals with PTSA>11.4° when compared
to individuals with PTSA<I1.4°.
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The area under the ROC curve of the
measurement value of the revision group
was found to be 0,955 (0,920 -0,976). The
risk of ACL re-rupture was found to be 9.58
times higher in individuals with PTSA>11.4°
when compared to with
PTSA<I1.4° (Figure 3).

individuals

DISCUSSION

It is known that increased tibial slope
due to increased compressive axial load
generates a greater anterior shear force
in the tibiofemoral joint (3). An increase
in PTSA increases the load on the ACL, the
primary restraint against anterior tibial
translation, increasing the risk of a potential
ACL rupture (3). Studies on the extent of
the effect increased PTSA has on ACLR re-
ruptures are limited in number. In this study,
the PTSA measurement of the control group
was found to be lower than the primary
group and revision group, and the PTSA
measurement of the primary group was
found to be lower than the revision group.
No correlation between age and PTSA was
found.

The relationship between PTSA and ACLR
has been studied quite frequently in the
literature in recent years. The studies
conducted are mostly primary ACLR
patients or revision ACLR studies, and we
wanted to contribute to this areq, which
has less information in the literature, by
comparing these two groups in our study.

To date, very few studies have addressed
the relationship between tibial slope and re-
injury. In a study by Dcehlin et al. examining
PTSA in 728 patients, it has been shown that
increased tibial slope is not associated
with revision surgery, but knees that have
suffered injuries have higher PTSA values
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than healthy knees (10). In their study which
followed-up patients under the age of 21
after ACLR, Cooper et al. have found that
the population requiring revision surgery
had more patients with PTSA>12°. However,
this finding was not statistically significant
(). The authors noted that further studies
were needed to find out which angle
distinguishes patients at the highest risk for
revision surgery. However, it should be taken
into account that obtaining data from a
large database, in which the number of
surgeons, their level of expertise and the
volume of surgery were unknown, may have
affected the results of the aforementioned
study. In their study, Gwinner et al. have
also reported that the risk of recurrent graft
failure increased by 11.6 times in patients
with PTSA>12° (7). In a review study by Liu et
al, in which 20 studies were included, it has
been reported that a relationship between
increased PTSA and ACL graft failure has
been found in 15 of the studies (12). Arguing
that a higher PTSA is associated with risk of
ACLgraftfailure, the authors have noted that
although there are highly reliable methods
for measuring PTSA, there is no consensus
about which values are risky. In this study,
PTSA values of the primary group and the
revision group were also found to be higher
than the PTSA values of the control group.
These results are similar to previous studies
and confirm that increased PTSA is a risk
factor for primary injury and re-injury.

In another study conducted by Lee et
al, PTSA of patients in need of revision
surgery has been found to be significantly
higher compared to patients without re-
injury (p<0.01). Lee et al. have reported
that the probability of ACL graft rupture
increases 3.48 times in knees with PTSA211°,
and the risk increases 4.52 times in knees
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with PTSA212° (13). Salmon et al. have
followed-up 200 ACLR patients (operated
on by a single surgeon) for 20 years, and
observed that graft rupture occurred in
37 of 179 patients whose follow-up was
completed. During these 20 years, it has
been found that ACL graft survival was 22%
for adolescents with PTSA212°, and the risk of
rupture was 11 times higher in adolescents
with PTSA212° compared to adults with
PTSA<12°. The authors have indicated that
PTSA212° is a strong predictor of recurrent
ACL injury (6). In a study by Webb et al, in
which they included the results of 15 years
of follow-ups, it has been found that the
probability of suffering another ACL injury
after reconstruction increased by 5 times
in patients with a tibial slope 212° (14). In
their study, Anmed et al. have found that
PTSA of patients who had more than 3 ACL
injuries was significantly higher compared
to patients who had less than 3 ACL injuries
(p=0.002), (2). Napier et al. have also found
that an increase in tibial slope angle poses
a risk for a third injury. The authors have
also associated increased PTSA with re-
injury rates after ACL revision surgery (3). In
this study, it was also found that increased
PTSA was associated with re-injury and that
re-rupture rate increased by 9.58 times in
patients with PTSA>11.4. PTSA, despite having
a strong correlation with risk of re-rupture,
is rarely taken into account in surgical
decision-making in revision ACLR surgery.
Studies on which PTSA values should be
considered as a risk factor are ongoing (2).
In their current study, Luke V. Tollefson et
al.(15) found patients with PTSA212° to be a
risk factor for ACL injuries and reported that
yto surgery should be added.

In the study of Lee et al, no significant
correlation between PTSA and age has
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been found (p=0,241). In the same study,
it has been found that PTSA did not have
a correlation with body mass index either
(p=0.613), (13). Through their measurements
obtained from 1090 tibia belonging to
cadavers, Weinberg et al
determined that PTSA was not affected
by age (16). In this study, there was no
significant correlation between PTSA and
age in all 3 groups. Age-related correction
is not a concern for the group of patients
that are recommended slope-reducing
surgery, for whom PTSA is considered a risk
factor.

have also

In their study conducted on cadavers,
Bernhardsonetal.havefoundthatincreased
slope angle leads to anincrease in the force
applied on the ACL graft, and that low slope
angles have a protective effect on the ACL
graft (17). In their study, Sonnery-Cottet et al.
followed-up combined ACL revision surgery
and proximal tibia anterior closing wedge
osteotomy performed on patients with
PTSA>12°, and in a follow-up period of 315
months, the mean PTSA of patients has been
found to be 9.2°, and no other injuries have
been observed in the knee that underwent
surgery (18). However, the authors noted
that the functional results of these surgeries
were less positive and the risk of potential
morbidity was higher when compared to
primary ACLR. In their study discussing the
results of 2-year follow-up of 9 patients
who underwent revision ACL reconstruction
and tibial deflexion osteotomy, Dejour et al.
have found that the PTSA value of patients
decreased from 13.2° + 2.6° to 4.4° + 2.3°
after surgery and have argued that tibial
slope correction decreases the risk of ACL
re-injury (19). The authors have emphasized
the importance of careful analysis of risks
of failure before ACL reconstruction and
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recommended correction surgery if the
tibial slope of the patient exceeds 12° in
order to reduce the risk of graft failure. In
a systematic review examining high tibial
osteotomy (HTO) and ACLR surgery, it has
bbeen observed that re-rupture rate was
0% after the mentioned procedures (8).
However, the authors have reported that
there are limitations to these estimates
due to limited number of patients, short
follow-up periods and selective reporting.
In their study retrospectively examining
the results of 2-yer follow-up of 30 patients
who underwent ACLR and medial opening
wedge osteotomy, Arun et al. have shown
that a correction surgery decreasing the
tibial slope by >5° has a functionally positive
effect on the restructured ACL graft (20).
According to a review conducted by Nazzal
et al, high tibial osteotomy reducing high
PTSA can lower the risk of failure for ACLR
(21). However, decision for surgery should be
madebyconsideringtherisks,complications
and technical difficulties, the long-term
healing process of wedge osteotomy and
its possibility of complicating future total
knee replacement if necessary. In addition,
combining HTO with the already technically
demanding ACLR revision procedure can
also lead to increased technical failures
(8). Further studies are required in order
to elucidate abnormal PTSA values and
to determine the appropriate PTSA values
that are indicative of an osteotomy surgery
that reduces tibial slope for primary ACLR.
How to utilize information on PTSA remains
effectively unknown.

The populationofthe study beingcomposed
of only males, and, due to the retrospective
nature of the study, information such as
how much of the patients had contact
injuries, the activity level of the individuals,
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the extent of compliance to pre/post-
operative sports rehabilitation, the rate
of return to sports activities and patient-
reported outcome measures not being
known were limitations of this study.

The strengths of this study were its inclusion
of a control group composed of patients
without ACL injuries and its retrospective
period being as short as possible, taking
into account the developing and changing
surgical techniques and materials. Most of
prior studies included in the literature have
examined primary injuries, and a minority
of these studies have studied multiple graft
failures. According to our observations,
this study is the only study on this subject
that included a healthy control group for
comparison.

CONCLUSION

High PTSA is significantly associated with
possible graft failure. The causes of re-
injury are multifactorial, but evaluations
in this study support that there may be
an anatomical predisposition to re-injury
related to increased posterior tibial slope. It
should be noted that predisposition to graft
failure depends not only on anatomical
conditions, but also on age, acquired
injuries, grafttissue, graft position, treatment
of secondary peripheral instabilities and
postoperative rehabilitation. When the
results related to risk of graft failure following
primary and revision ACL surgery and the
possible future consequences of tibial slope
correction surgery are considered, it is seen
that identifying patients who are at risk is
important for the appropriate selection of
patients for corrective surgery.
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