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Abstract

Purpose To evaluate the effect of posterior tibial slope (PTS) on patient-reported outcomes (PROs) and posterior cruciate
ligament (PCL) graft failure after PCL reconstruction.

Methods Patients undergoing PCL reconstruction with a minimum 2-year follow-up were included in this retrospective
cohort study. A chart review was performed to collect patient-, injury-, and surgery-related data. Medial PTS was measured
on preoperative lateral radiographs. Validated PROs, including the International Knee Documentation Committee Subjective
Knee Form, Knee injury and Osteoarthritis Outcome Score, Lysholm Score, Tegner Activity Scale, and Visual Analogue
Scale for pain, were collected at final follow-up. A correlation analysis was conducted to assess the relationship between
PTS and PROs. A logistic regression model was performed to evaluate if PTS could predict PCL graft failure.

Results Overall, 79 patients with a mean age of 28.6+ 11.7 years and a mean follow-up of 5.7 +3.3 years were included.
After a median time from injury of 4.0 months, isolated and combined PCL reconstruction was performed in 22 (28%) and
57 (72%) patients, respectively. There were no statistically significant differences in PROs and PTS between patients under-
going isolated and combined PCL reconstruction (non-significant [n.s.]). There were no significant correlations between
PTS and PROs (n.s.). In total, 14 (18%) patients experienced PCL graft failure after a median time of 17.5 months following
PCL reconstruction. Patients with PCL graft failure were found to have statistically significantly lower PTS than patients
without graft failure (7.0 +2.3° vs. 9.2 +3.3°, p <0.05), while no differences were found in PROs (n.s.). PTS was shown
to be a significant predictor of PCL graft failure, with a 1.3-fold increase in the odds of graft failure for each one-degree
reduction in PTS (p <0.05).

Conclusions This study showed that PTS does not affect PROs after PCL reconstruction, but that PTS represents a surgically
modifiable predictor of PCL graft failure.

Level of evidence III.

Keywords Posterior cruciate ligament - PCL reconstruction - Bony morphology - Patient-reported outcomes - Revision -
Graft failure

Introduction

Compared to anterior cruciate ligament (ACL) injuries, pos-
terior cruciate ligament (PCL) injuries are rare and occur
predominantly as combined injuries [1, 2]. While acceptable
patient-reported outcomes (PROs) after PCL reconstruction
The investigation was performed at the Department of Orthopaedic (PCL-R) have been reported, the rates of return to sports
Surgery, University of Pittsburgh, Pittsburgh, PA, USA. and physically demanding activities are low [3-5]. How-
ever, athletic and physical performance is a key element of
a high quality of life for many patients. This is especially
true for young and physically active patients, whom are most
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frequently affected by PCL injuries [1]. Patient-reported out-
comes are further compromised in patients who fail opera-
tive treatment of PCL injuries [6]. One study has shown that
70-80% of patients with failed operative treatment of PCL
injuries never returned to sports activities and complained of
moderate-to-severe pain during daily activities, underscoring
the pervasive disability associated with PCL graft failure [6].

To date, only a few studies have identified risk factors for
PCL graft failure [6-8]. Persistent posterolateral rotatory
instability, femoral or tibial bone tunnel misplacement, and
varus malalignment are all factors associated with increased
risk for PCL graft failure [6, 8]. Biomechanically, it was
shown that there is a significant and negative correlation
between posterior tibial slope (PTS) and PCL graft forces,
indicating a higher risk of PCL graft failure with decreased
(flatter) PTS [7]. Clinical investigations have shown that
sagittal alignment, represented by the PTS, affects the risk
of PCL injury [9]. In particular, patients with primary PCL
injury have been found to have lower PTS than healthy con-
trols. The effect of PTS was even more pronounced when
looking at the injury mechanism, with non-contact PCL inju-
ries having the lowest PTS [9]. Furthermore, low PTS has
been shown to result in decreased posterior tibial sag reduc-
tion and increased residual posterior tibial translation after
PCL-R [10]. These studies demonstrate the biomechanical
influence of PTS on PCL function and failure; however,
there is a paucity of literature delineating how PTS affects
PROs and PCL graft failure rates after PCL-R. Given that
PTS is a patient-specific characteristic, it might be a sur-
gically modifiable target that should be considered in the
future as part of an individualized treatment approach to
avoid PCL graft failure and improve functional outcomes
after PCL-R [11].

Therefore, the objective of this study was to evaluate the
effect of PTS on PROs and PCL graft failure in individuals
that underwent PCL-R after a minimum 2-year follow-up. It
was hypothesized that PTS would positively correlate with
PROs, and that low (flat) PTS is a significant predictor of
PCL graft failure.

Materials and methods

This retrospective study was approved by the Institu-
tional Review Board of the University of Pittsburgh (No.:
STUDY20070271).

Patients undergoing primary single-bundle isolated or
combined PCL-R at the senior authors’ institution between
2008 and 2018 were retrospectively reviewed for eligibility
for this study. A minimum 2-year follow-up was required
for inclusion in this study. Exclusion criteria included pre-
vious or concomitant proximal tibia, distal femur, or patel-
lar fracture; history of inflammatory arthritis; PCL repair;
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incomplete medical records or open physes at the time of
PCL-R. Consistent with previous studies, patients under-
going concomitant ACL, posterolateral corner (PLC), or
medial collateral ligament (MCL) reconstruction were also
included and defined as “combined PCL-R” [10, 12].

Posterior cruciate ligament graft failure was defined if
any of the following criteria were met: (1) complete PCL
graft disruption confirmed by magnetic resonance imaging
(MRI) or arthroscopy, (2) revision PCL-R, (3) conversion
to knee arthroplasty, and (4) abnormal (grade C) or severely
abnormal (grade D) posterior drawer test according to the
International Knee Documentation Committee (IKDC) Knee
Ligament Examination Form, combined with severe pain or
reports of posterior instability.

Surgical technique and rehabilitation

Included patients underwent arthroscopic anatomic single-
bundle PCL-R using a standardized transtibial technique.
Graft choices for PCL-R included autografts (hamstring ten-
don and quadriceps tendon) and allografts, and were based
on both surgeon preference and concurrent ligament recon-
struction. The femoral tunnel was drilled in the center of the
anterolateral bundle of the native PCL. To confirm anatomic
tibial tunnel placement, a 70° scope was used. Graft fixation
was performed at 70-90° flexion with simultaneous anterior
tibial stress using either suspensory, interference screw, or
hybrid (suspensory and interference screw) fixation tech-
niques. A standardized postoperative rehabilitation protocol
including use of static and dynamic PCL braces was recom-
mended, as previously described in detail [2].

Demographic and surgical data

To collect patient-, injury-, and surgery-related data, a chart
review was conducted between July 2020 and December
2020. Patient-specific data included age at the time of pri-
mary PCL-R, sex, laterality, and body mass index (BMI).
The following injury-related data were recorded: injury
mechanism, time from injury to PCL-R, and concomitant
medial and lateral meniscal injuries. Injury mechanisms
were categorized as sports-related, traffic-related, non-sports
and non-traffic-related traumatic impact to the anterior prox-
imal tibia (i.e., fall), and hyperextension [13, 14]. Surgi-
cal data that were collected included isolated or combined
PCL-R, concomitant ligament reconstruction (ACL, PLC,
and MCL), concomitant meniscal surgery (partial menis-
cectomy, repair), other concomitant surgical procedures
(peroneal nerve neurolysis and cartilage surgery), graft type
(hamstring or quadriceps tendon autograft, and allograft),
graft diameter, and femoral and tibial graft fixation tech-
nique (suspensory, interference screw, and hybrid). Hybrid
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graft fixation was defined as a combined suspensory and
interference screw fixation.

Posterior tibial slope measurement

Preoperatively available lateral radiographs were used to
measure the medial PTS. To avoid measurement inaccura-
cies related to malrotated radiographs, the posterior femo-
ral condyle overlap was measured and lateral radiographs
with > 6 mm overlap were excluded [15, 16]. The medial
PTS was measured using a previously described technique
[17, 18]. First, the proximal tibial shaft axis was determined
as a line connecting the centers of two circles located 5 cm
and 15 cm distal to the joint line, respectively, which touched
the anterior and posterior cortex of the tibia. Next, a tangen-
tial line was drawn to the medial tibial plateau. Finally, the
angle between the proximal tibial shaft axis and the line
tangential to the medial tibial plateau was subtracted from
90° to obtain the medial PTS (Fig. 1). Posterior tibial slope
measurements were performed by observer one (PWW)
using Philips iSite PACS (Koninklijke Philips N.V., Amster-
dam, The Netherlands), which allows a measurement accu-
racy of 0.1 mm and 0.1°, respectively. To ensure intra- and
interrater reliability of measurements, intraclass correlation
coefficients (ICC) were calculated. For this, ten lateral knee
radiographs were randomly selected and the medial PTS was
measured three times at 2-week intervals by observer one
(PWW) and once each by observer two (NNW) and three
(JDH). Excellent intrarater (ICC, 0.99 95% CI [0.98, 0.99])
and good-to-excellent interrater (ICC, 0.92 95% CI [0.76,
0.98]) reliability of measurements was found.

Patient-reported outcome scores (PROs)

Questionnaires with standardized and validated PROs
including the International Knee Documentation Commit-
tee Subjective Knee Form (IKDC-SKF), Knee injury and
Osteoarthritis Outcome Score (KOOS), Lysholm Score,
Tegner Activity Scale, and Visual Analogue Scale (VAS)
for pain were mailed to all eligible patients. All patients that
agreed to participate in this study signed a written informed
consent form.

Statistical analysis

A previous study demonstrated that patients with primary
isolated and combined PCL injuries (5.7° +2.1°) have sta-
tistically significantly lower PTS compared to age- and
sex-matched ligament-intact controls (8.6°+2.2°) [9]. The
reported PTS values were used for an a priori power analysis
to determine the sample size necessary to detect significant
differences in PTS between patients with and without PCL
graft failure. In addition, considering the reported rate of

Fig.1 Posterior tibial slope (PTS) measurement. Preoperative strict
lateral radiograph of a right knee with isolated posterior cruciate liga-
ment injury and a medial PTS of 6.7°. To obtain the medial PTS, the
angle between the proximal tibial shaft axis (line 1) and a tangential
line to the medial tibial plateau (line 2) was subtracted from 90°

PCL revision surgery of 3-13% [5, 19], a group allocation
(failure vs. non-failure) of 1:8 was assumed. To achieve a
statistical power of 0.80, a total sample size of 46 patients
was required (Failure group, n=35; Non-failure group, n=41;
effect size, 1.35; level of significance, 0.05). G¥*Power (Erd-
felder, Faul, Buchner, Lang, HHU Diisseldorf, Diisseldorf,
Germany) was used for power analysis.

Categorical variables are presented as counts and corre-
sponding percentages. According to the distribution of the
data as determined by the Shapiro—Wilk Test, continuous
variables are presented as mean + standard deviation (nor-
mally distributed) or median and inter-quartile range (IQR;
non-normally distributed). Spearman’s rank-order correla-
tions were used to assess the relationship between medial
PTS and PROs (IKDC-SKF, KOOS subscales, Lysholm
Score, Tegner Activity Scale, VAS for pain) in patients
undergoing PCL-R. Group comparisons of categorical
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variables were performed using the Chi-square test or the
Fisher’s exact test, as appropriate. Group comparison of
continuous variables was performed by the Mann—Whit-
ney U test, unpaired ¢ test, or one-way analysis of variance
(ANOVA), as appropriate. In addition, a logistic regression
model was performed to evaluate whether PCL graft fail-
ure (dependent variable) could be predicted by medial PTS
(independent variable). Statistical analyses were performed
using SPSS software version 26.0 (IBM-SPSS, New York,
USA). The level of significance was set at p <0.05.

Results

In total, 101 patients were screened for eligibility. After
excluding 22 patients due to PCL repair (n = 8), incomplete
medical records (n =6), proximal tibia fracture (n=15), dis-
tal femur fracture (n = 1), patellar fracture (n = 1), and con-
genital absence of ACL and PCL (n=1), a total of 79 (78%)
patients were included in this study. Patient-, injury-, and
surgery-related characteristics of the total study group are
shown in Table 1.

The mean age at the time of PCL-R was 28.6 +11.7 years
(range 15-64 years) and the median time from injury to
PCL-R was 4.0 months (IQR, 7.0 months). Isolated PCL-R
was performed in 22 (28%) patients, while combined PCL-R
was performed in 57 (72%) patients. Concomitant ACL,
PLC, and MCL reconstruction was performed in 38 (48%),
27 (34%), and 12 (15%) patients, respectively. In addition,
concurrent cartilage surgery (microfracture and chondro-
plasty) and peroneal nerve neurolysis was performed in 2
(3%) and 6 (8%) patients, respectively.

The mean medial PTS for the full sample was 8.8 +3.3°
(range 1-17°). There was no statistically significant differ-
ence in medial PTS between the different types of injury
mechanisms observed (non-significant [n.s.]): sports-related
(8.8+3.0°), traffic-related (8.9 +3.4°), non-sports and non-
traffic-related traumatic impact to anterior proximal tibia
(9.1+3.0°), and hyperextension (7.3 +3.7°). In addition,
there was no statistically significant difference in medial PTS
between patients undergoing isolated and combined PCL-R
(8.4+3.4°vs.9.0+3.2° n.s.; Fig. 2).

Overall, 14 (18%) patients sustained PCL graft failure
after a median time of 17.5 months (IQR, 21 months) fol-
lowing PCL-R. Individuals with PCL graft failure were
found to have statistically significantly lower (flatter) medial
PTS than individuals without PCL graft failure (7.0 +2.3°
vs. 9.2+3.3°, p<0.05). The mean difference in medial PTS
between patients with and without PCL graft failure was 2.2°
(95% C11[0.2, 4.2], p<0.05). No other variables were found
to be statistically significantly different between patients
with and without PCL graft failure (Table 2). Seventy-four
cases were included in the logistic regression model, which
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Table 1 Patient-, injury-, and surgery-related characteristics

Variable Total study group

Number of included patients, n 79
5.7+3.3(2.0-12.4)
28.6+11.7 (15-64)
31.0+8.0(19.1-51.8)

Follow-up, [years]
Age,? [years]
BMI, [kg/m?]

Injury to PCL-R,? [months] 4.0 (7.0)
Males, n (%) 55 (70%)
Right knee, n (%) 42 (53%)
Isolated PCL-R, n (%) 22 (28%)
Injury mechanism
Sports-related, n (%) 28 (35%)
Traffic-related, n (%) 30 (38%)
Traumatic impact to anterior tibia, n (%) 13 (16%)
Hyperextension, n (%) 6 (8%)
N/A, n (%) 2(3%)
Graft
Hamstring autograft, n (%) 3 (4%)
Quadriceps autograft, n (%) 5 (6%)
Allograft, n (%) 71 (90%)

Graft diameter, [mm] 9.9+0.7 (8.0-12.0)

Femoral graft fixation

Suspensory, n (%) 54 (68%)

Interference screw, n (%) 21 (27%)

Hybrid, n (%) 4 (5%)
Tibial graft fixation

Suspensory, n (%) 21 27%)

Interference screw, n (%) 40 (51%)

Hybrid, n (%) 18 (23%)
Concomitant meniscus injury

None, n (%) 40 (51%)

Medial, n (%) 14 (18%)

Lateral, n (%) 14 (18%)

Medial +lateral, n (%) 11 (14%)
Medial meniscus treatment

None, n (%) 59 (75%)

Partial meniscectomy, n (%) 11 (14%)

Repair, n (%) 9(11%)
Lateral meniscus treatment

None, n (%) 64 (81%)

Partial meniscectomy, n (%) 9(11%)

Repair, n (%) 6 (8%)

Categorical variables are expressed as count (percentage). Continu-
ous variables are expressed as meanzstandard deviation (range),
unless otherwise noted

BMI body mass index, N/A not available, PCL-R posterior cruciate
ligament reconstruction

#Age at the time of PCL-R

"Median (inter-quartile range)
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Fig.2 Isolated vs. combined PCL-R. A Patient-reported outcome
scores (PROs). Indicators (triangle, rhombus) represent mean val-
ues. Error bars represent standard deviation. B Medial posterior tibial
slope (PTS). ADL activities of daily living, IKDC-SKF International
knee documentation committee subjective knee form, KOOS knee

correctly classified 82% of cases and was statistically signifi-
cant (p <0.05). The medial PTS was shown to be a statisti-
cally significant predictor of PCL graft failure (p <0.05).
According to the logistic regression model, a one-degree
reduction in medial PTS resulted in 1.3-fold increase in the
odds of PCL graft failure (95% CI [1.013,1.580], p <0.05).

At a mean follow-up of 5.7+ 3.3 years (range
2.0-12.4 years), PROs were available for 57 (72%) patients.
A detailed summary of the PROs data is shown in Table 3.
There was no statistically significant difference in PROs
between patients undergoing isolated and combined PCL-R
(n.s.; Fig. 2) and between patients with and without PCL
graft failure (n.s., Table 2). In addition, there were no statis-
tically significant correlations between medial PTS and any
of the PROs (Table 4, n.s.).

Discussion

The most important finding of this study was that PTS does
not affect PROs after PCL-R, but represents a significant
and surgically modifiable predictor of PCL graft failure.
Although a 1.3-fold increase in the odds of PCL graft fail-
ure for each one-degree reduction in PTS may appear to
be a marginal increase, PTS-increasing osteotomies may be

injury and osteoarthritis outcome score, PCL-R posterior cruciate lig-
ament reconstruction, Sport/Rec sport and recreation function, QOL
knee-related quality of life; No statistically significant difference was
found between isolated and combined PCL-R with respect to PROs
and medial PTS (n.s.)

considered in cases with recurrent PCL insufficiency, and
for those with high-grade posterior knee laxity and low PTS.

Residual posterior knee laxity is a common finding after
PCL-R. Over the past decades, many studies have focused on
surgical techniques (single-bundle vs. double-bundle; tibial-
inlay vs. transtibial), graft fixation angles, and concurrent
peripheral stabilization procedures to address residual poste-
rior laxity and improve clinical outcomes [20-23]. Increased
PTS has been demonstrated to be a relevant risk factor for
primary and recurrent ACL injuries. Consequently, PTS
correcting osteotomies are now performed in patients with
ACL injuries, with recent studies showing good results [24,
25]. Although biomechanical studies have shown increased
posterior knee laxity with decreased PTS in PCL-deficient
knees [26], PTS-increasing osteotomies have not yet been
clinically accepted for the treatment of PCL injuries.

In this study, patients with PCL graft failure (7.0 +2.3°)
were found to have significantly lower PTS than patients
without graft failure (9.2 +3.3°). In addition, a one-degree
reduction in PTS was shown to result in a 1.3-fold increase
in the odds of experiencing PCL graft failure. The findings
of this study may be related to increased residual posterior
knee laxity with lower PTS causing repetitive PCL graft
overload, which ultimately results in PCL graft failure.
This assumption is supported by one study, showing that
low PTS is associated with higher residual posterior tibial
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Table 2 Patients with and
without PCL graft failure

@ Springer

Variable PCL graft failure p value
No Yes

Number of patients, n 65 14 -
Age,? [years] 29.1+12.5 (15-64) 26.1+7.0 (15-37) n.s
BMI, [kg/m?] 30.5+7.9 (19.1-50.1) 33.4+8.2(22.8-51.8) n.s
Follow-up, [years] 5.9+3.4(2.0-12.4) 49+3.0(2.0-12.4) n.s
Injury to PCL-R.’ [months] 4.0 (6.0) 6.5 (12.3) n.s
Males, n (%) 45 (69%) 10 (71%) n.s
Right knee, n (%) 34 (52%) 8 (57%) n.s
Isolated PCL-R, n (%) 17 (26%) 5 (36%) n.s
Injury mechanism

Sports-related, n (%) 23 (35%) 5 (36%) n.s

Traffic-related, n (%) 26 (40%) 4 (29%)

Traumatic impact to anterior 11 (17%) 2 (14%)

tibia, n (%)

Hyperextension, n (%) 4 (6%) 2 (14%)

N/A, n (%) 1 (2%) 1 (7%)
Graft

Hamstring autograft, n (%) 3 (5%) 0 (0%) n.s

Quadriceps autograft, n (%) 5 (8%) 0 (0%)

Allograft, n (%) 57 (88%) 14 (100%)
Graft diameter, [mm)] 9.9+0.7 (8.0-12.0) 10.1£0.7 (9.0-11.0) n.s
Femoral graft fixation

Suspensory, n (%) 44 (68%) 10 (71%) n.s

Interference screw, n (%) 18 (28%) 321%)

Hybrid, n (%) 3 (5%) 1 (7%)
Tibial graft fixation

Suspensory, n (%) 17 26%) 4 (29%) n.s

Interference screw, n (%) 33 (51%) 7 (50%)

Hybrid, n (%) 15 (23%) 3(21%)
Medial PTS,C [°] 9.2+3.3(1.0-17.0) 7.0+2.3 (3.0-11.0) <0.05%
IKDC-SKF¢ 72.7+21.7 (14.9-100) 68.2 +20.4 (36.8-100) n.s
KOOS*!

Symptoms 74.5+17.1 (32.1-100) 72.3+18.9 (50.0-96.4) n.s

Pain 86.2+16.0 (30.6-100) 85.4+11.3 (63.9-100) n.s

ADL 92.3+14.5 (30.9-100) 93.6+5.4 (85.3-100) n.s

Sport/Rec 70.9 +26.4 (0-100) 73.8+25.7 (35.0-100) n.s

QOL 63.6+27.3 (0-100) 53.9+22.1 (25.0-87.5) n.s
Lysholm score 80.8 +20.4 (6.0-100) 79.0+13.9 (§7.0-95.0) n.s
Tegner activity scale®d 5(0) 454) n.s
VAS (pain)? 1.3+2.4 (0-9) 0.6+0.7 (0-2) n.s

Categorical variables are expressed as count (corresponding percentage). Continuous variables are
expressed as mean + standard deviation (range), unless otherwise noted

ADL activities of daily living, BMI body mass index, /IKDC-SKF International knee documentation com-
mittee subjective knee form, KOOS knee injury and osteoarthritis outcome score, N/A not available, n.s.
non-significant (p>0.05), PCL posterior cruciate ligament, PCL-R PCL reconstruction, PTS posterior tib-
ial slope, Sport/Rec sport and recreation function, QOL knee-related quality of life, VAS visual analogue

scale

*Statistically significant difference (p <0.05)

?Age at the time of PCL-R

®Median (inter-quartile range)

“Data available for 74 (94%) patients
4Data available for 57 (72%) patients
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Table 3 Patient-reported outcome scores

Patient-reported outcome score® Total study group

IKDC-SKF 71.8+21.3 (14.9-100)
KOOS
Symptoms 74.1+17.2 (32.1-100)

Pain 86.1+15.2 (30.6-100)

ADL 92.5+13.4 (30.9-100)
Sport/Rec 71.4+26.1 (0-100)
QOL 62.0+26.5 (0-100)
Lysholm score 80.5+19.3 (6.0-100)
Tegner activity scale” 5(5)
VAS (pain) 1.2+2.2 (0-9)

Continuous variables are expressed as mean=standard deviation
(range), unless otherwise noted

ADL activities of daily living, IKDC-SKF International knee docu-
mentation committee subjective knee form, KOOS knee injury and
osteoarthritis outcome score, Sport/Rec sport and recreation function,
QOL knee-related quality of life, VAS visual analogue scale

“Data available for 57 (72%) patients

"Median (inter-quartile range)

Table 4 Correlation analysis between patient-reported outcome
scores and medial PTS

Patient-reported outcome score® Medial PTS
IKDC-SKF 1,=0.049
n.s
KOOS
Symptoms r,=0.079
n.s
Pain r,=0.136
n.s
ADL r,=0.211
n.s
Sport/Rec r,=0.008
n.s
QOL r,=—0.050
n.s
Lysholm score r,=—0.001
n.
Tegner activity scale r,=—0.250
n.
VAS (pain) r,=—0.141
n.s

ADL activities of daily living, IKDC-SKF International knee docu-
mentation committee subjective knee form, KOOS knee injury and
osteoarthritis outcome score, n.s. non-significant, Sport/Rec sport
and recreation function, p p value, PTS posterior tibial slope, QOL
knee-related quality of life, r, Spearman’s correlation coefficient, VAS
visual analogue scale

*Data available for 57 (72%) patients

translation (quantified on posterior stress radiographs) after
single-bundle PCL-R [10]. In contrast, another study did not
find an association between PTS and residual posterior tibial
translation after double-bundle PCL-R at a mean follow-
up of 18.5 months [12]. As a result, the authors concluded
that double-bundle PCL-R may be superior to single-bundle
PCL-R in preventing residual posterior knee laxity [12].
However, the results of that study should be interpreted cau-
tiously, as the authors also showed a significant and positive
correlation between posterior tibial translation and follow-
up time [12]. Therefore, a mean follow-up of 18.5 months
(range 684 months) may not be appropriate for final conclu-
sion that double-bundle PCL-R is superior to single-bundle
PCL-R in preventing residual posterior knee laxity.

The effect of PTS on functional outcomes in patients
undergoing PCL-R is largely unknown. In this study, the
associations between validated PROs (IKDC-SKF, KOOS
subscales, Lysholm Score, Tegner Activity Scale, and VAS
for pain) and medial PTS was assessed. After a mean follow-
up of 5.7 years after PCL-R, none of the PROs were signifi-
cantly associated with PTS. This is consistent with studies
investigating the relationship between functional outcomes
and PTS in patients undergoing ACL reconstruction. A
recent study showed no difference in PROs between patients
with high and low PTS undergoing primary ACL recon-
struction after a minimum 10-year follow-up [27]. However,
high PTS (> 5.6° medial PTS, > 3.8° lateral PTS measured
by MRI) was associated with an increased ACL graft fail-
ure rate [27]. Accordingly, the biomechanically confirmed
PTS-dependent change in knee kinematics appears to pre-
dominantly affect graft forces rather than clinical outcomes
[7, 28, 29]. Increased graft forces may ultimately cause PCL
graft failure.

Previous studies have shown that there is no differ-
ence in PTS between patients with isolated PCL injury
and patients with combined (PCL +PLC, PCL +MCL, or
PCL +PLC+ ACL) injuries [9, 10]. Accordingly, subgroup
analysis was performed in this study to account for com-
bined PCL injuries as a potential confounder factor. Consist-
ent with previous reports, there was no difference in PTS
between isolated (8.4 +3.4°) and combined (9.0+3.2°) PCL
injuries. In addition, there was no significant difference in
PCL graft failure rates between isolated and combined PCL-
R. Increased PCL graft failure rates at low PTS, irrespective
of isolated or combined PCL-R, underscore the importance
of the PTS for PCL graft survival. Thus, a purely ligamen-
tous reconstruction may be insufficient to maintain restored
posterior knee stability, as this requires an intact PCL graft.
Based on the findings of this study, additional procedures
such as PTS-increasing osteotomy in patients with recur-
rent PCL insufficiency, high-grade posterior knee laxity, and
low PTS may be considered. This is supported by previ-
ous research which has shown that an increase in PTS in
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PCL-deficient knees results in a significant anterior shift of
the tibial resting position, thereby reducing posterior tibial
translation [26]. Following PCL-R, an increase in PTS has
been found to reduce PCL graft forces [7]. When all consid-
ered, these findings suggest that increased PTS may serve
as a protective factor for PCL grafts against graft failure.
Despite biomechanical and clinical evidence advocating
PTS-increasing osteotomies in the treatment of PCL injuries,
there are no clinical studies demonstrating superiority of
combined PCL-R and PTS-increasing osteotomy compared
to isolated PCL-R or isolated PTS-increasing osteotomy.
However, based on the findings of this study, PTS-increasing
osteotomy should be considered in patients with high-grade
posterior instability, low PTS, and concurrent risk factors
for PCL graft failure. It is believed that isolated soft-tissue
reconstruction will only partially restore posterior knee
stability in patients with low PTS and high-grade posterior
knee laxity. Future studies should focus on indications for
PTS-increasing osteotomies in patients undergoing PCL-R.
This study aimed to determine the association of PTS
for both graft failure following PCL-R and PROs. Strengths
of this study included adequate follow-up, use of validated
PROs, and a sufficient sample size to ensure statistical power
of at least 80%. However, this investigation is not without
limitations. This study included patients undergoing iso-
lated and combined PCL-R, which may have caused selec-
tion bias. However, there was no difference in PTS and PCL
graft failure rates between patients with isolated and com-
bined PCL-R, which is consistent with previous reports, thus
minimizing the risk of bias [9, 10]. Functional outcomes
after PCL-R may also be affected by coronal lower limb
alignment and residual posterior tibial translation. However,
posterior tibial stress radiographs and long-leg radiographs
were inconsistently available. Therefore, it was not possible
in this study to assess the effects of coronal alignment and
posterior tibial translation on PCL graft failure and PROs.

Conclusions

In this study, a 1.3-fold increase in the odds of PCL graft
failure for each one-degree reduction in PTS was found.
Accordingly, low PTS represents a significant and surgi-
cally modifiable factor associated with PCL graft failure.
However, PTS did not affect PROs after an average time
of 5.7 years after PCL-R. Posterior tibial slope increasing
osteotomies might be a consideration when recurrent PCL
insufficiency, high-grade posterior knee laxity, and associ-
ated low PTS are present in individuals undergoing PCL-R.
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