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Abstract

Purpose Restoration of posterior tibial translation (PTT) after reconstruction of the posterior cruciate ligament (PCL) is
deemed necessary to restore physiological knee kinematics. However, current surgical techniques have failed to show a
complete reduction of posterior laxity. It was hypothesized that early postoperative PTT increases over time.

Methods The study comprised of 46 patients (10 female, 36 male; 30+ 9 years), who underwent PCL reconstruction in a
single-surgeon series. Patients were evaluated by bilateral stress radiographs in a prospective manner preoperatively; at 3,
6, 12 and 24 months; and at a final follow-up (FFU) of at least 5 years. Covariants included age, gender, BMI, tibial slope
(TS) and the number of operated ligaments. Two blinded observers reviewed all radiographs, evaluating the TS and the
posterior tibial translation.

Results All patients were evaluated at a mean final follow-up of 102 (range 65-187) months. Mean side-to-side differ-
ence of the PTT significantly improved from preoperative to 3-month postoperative values (10.9 +3.1 vs. 3.6 +3.8 mm;
P <0.0001). The PTT increased to 4.6 + 3.7 mm at 6 months, to 4.8 + 3.3 mm at 12 months, to 4.8 + 3.2 mm at 24 months, to
5.4 +3.4 mm at FFU. Consequently, there was a significant increase of PTT between 3-month and final follow-up (3.6 +3.8
vs. 5.4+ 3.4 mm; P=0.02). Flattening of the TS resulted in a significantly higher PTT compared to subjects with a high
TS at 24 months and FFU. There was no significant influence by BMI, age, gender and the number of operated ligaments.
Conclusions Early results after PCL reconstruction seem promising as posterior tibial translation is significantly improved.
However, there is a significant increase in PTT from early postoperative values to the final follow-up of at least 5 years. This
is particularly notable in patients with flattening of the TS. As a consequence, surgeons and patients need to be aware that
initial posterior stability should not be equated with the final outcome.

Level of evidence Cohort study, Level III.

Keywords Posterior cruciate ligament - Ligament reconstruction - Posterior tibial translation - Tibial slope - Timely
increment

Introduction

The functional importance of the posterior cruciate liga-
ment (PCL) has been widely acknowledged. After injury,
reconstruction of the PCL is deemed necessary to enable
physiological joint biomechanics [3, 12, 22, 35].

Surgical techniques for PCL reconstruction continue to
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reveal a remaining residual laxity of 4-6 mm over time [8,
19, 21, 37].

Several covariants for recurring instability are dis-
cussed controversially, including patient gender, age, or
body weight; improper graft placement, strength, size, or
tensioning; or reinjury [4, 19, 20]. Just recently Gwinner
et al. reported that the degree of tibial slope (TS) also influ-
ences posterior laxity after PCL reconstruction [13]. To the
best of our knowledge, no study exists evaluating the time-
dependent behavior of knee stability after PCL reconstruc-
tion. However, this might help to avoid overly optimistic
expectations and might help to identify patients at risk of
recurrent instability.

Consequently, the aim of the current study is to evalu-
ate posterior laxity after PCL reconstruction over time by
repeated stress radiographs. It was hypothesized that the pos-
terior tibial translation (PTT) significantly increases from
initial postoperative values to final follow-up. Additionally,
it was sought to elucidate whether gender, age, body weight,
the number of operated ligaments, or the TS influence the
change in PTT over time.

Materials and methods

All PCL surgeries were performed by the senior author
(A.W.). Inclusion criteria comprised of patients with at least
grade II laxity (> 6 mm) according to Harner and Hoher
[14] as assessed by the posterior drawer test and posterior
stress radiographs (GA II stress device; Telos, Weiterstadt,
Germany). Only patients with a primary reconstruction of
the PCL using autologous hamstring tendon grafts were
included. The cohort was evaluated in a prospective man-
ner, and analysis of the data was performed retrospectively.
Patients received stress radiographs preoperatively; at 3, 6,
12 and 24 months; and at the final follow-up. Anthropomet-
ric and demographic measures including age (years), gender
and BMI (kg/mz) were documented. Additionally, the num-
ber of operated ligaments (i.e., isolated PCL reconstruction;
combined PCL and posterolateral corner reconstruction; or
combined ACL, PCL and posterolateral corner reconstruc-
tion) of each patient was recorded. Patients needed to have
a minimum of four out of the six radiographs; including the
preoperative radiograph, one within the first 6 months post-
operatively and the final follow-up radiograph. The mini-
mum follow-up was 5 years.

Patients with bilateral injuries, combined lower extrem-
ity fractures or prior surgery to the uninvolved knee were
excluded. Furthermore, we excluded patients whose radio-
graphs did not include a true lateral view of the tibia as
determined by proper superimposition of the femoral con-
dyles. Patients with poor-quality or non-digital radiographs
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were excluded to improve interrater comparability and to
decrease the number of confounding variables.

Surgical technique

All PCL reconstructions were performed by a single sur-
geon. The patient was placed in supine position under gen-
eral anesthesia and preoperative intravenous antibiotics were
administered.

Ipsilateral, autologous, five-folded semitendinosus and
gracilis tendons were used as the PCL graft. In cases of
combined reconstruction of the posterolateral corner or the
anterior cruciate ligament, contralateral hamstring grafts
were used.

Remnants of the PCL were retained whenever possible.
Femoral tunnel creation for the single-bundle PCL recon-
struction was performed through a low-anterolateral portal
using a dedicated femoral drill guide (Karl Storz GmbH,
Tuttlingen, Germany) centered at the anterolateral bundle
of the PCL.

Tibial tunnel creation was done with direct arthroscopic
visualization using an additional posteromedial portal and
standardized drill guides. Femoral and tibial fixation was
performed in a hybrid manner using biodegradable inter-
ference screws and the EndoPearl device (Linvatec Corp.,
Largo, USA) on the femoral site and additional sutures tight
over a bony bridge on the tibial site.

Rehabilitation

Postoperative care consisted of immobilization of the knee
in full extension in a dedicated splint (PTS; posterior tibial
support; Medi, Bayreuth, Germany) for 6 weeks. Partial
weightbearing and gradual passive mobilization in a prone
position was performed during this period. After 6 weeks,
full weightbearing was established and the PTS splint was
changed into a functional PCL brace.

Radiological assessment

Posterior stress radiographs of both knees were used for
radiographic assessment. Two observers (C.G. and 1.S.)
evaluated the TS and the posterior tibial translation using
a PACS workstation (Centricity RIS-I 4.2 Plus, GE Health-
care, Milwaukee, WI, USA). Both parameters were meas-
ured in a blinded manner. The mean values for the TS and
the posterior tibial translation were calculated.

Posterior laxity was evaluated by conventional stress
radiographs at 90° of flexion using a stress device (GA II
stress device; Telos, Weiterstadt, Germany) with a posteri-
orly directed force of 150 N at the level of the tibial tuberos-
ity. Perpendicular to the joint line, the midpoints between
the most posterior contours of the medial and lateral femoral
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condyles and tibial plateaus were established [18, 32]. The
distance between these two points of the injured side was
compared to the distance of the uninjured contralateral
knee, henceforth referred to as the posterior tibial transla-
tion (PTT).

The TS is defined as the angle between the posterior incli-
nation of the tibial plateau and a line perpendicular to the
diaphyseal shaft axis. The diaphyseal shaft axis was deter-
mined according to Dejour and Bonnin [7] using two mid-
points between the anterior and posterior tibial cortex; one
at 5 cm below the tibial tuberosity and the other one 15 cm
below the tibial joint line. Although the best available radio-
graphs were chosen, not all included enough tibial shaft to
determine the width of the shaft at a distance of 15 cm distal
to the joint line. In these instances, the most distal width was
measured based on the aforementioned conditions (Fig. 1).

The ethics committee of Charité-Universitaetsmedizin
Berlin approved the current study (EA1/003/16), and all
patients gave informed consent.

Statistical analysis

Statistical analysis was performed using Prism Version
6 (GraphPad Software Inc., San Diego, CA). Continuous
data are expressed as mean+ SD and or median (interquar-
tile range) according to their distribution. D’Agostino and

Fig. 1 Measurement of the
PTT (a). The PTT (asterisk) is
defined as the distance between
the mean posterior contours of
the femoral condyles and the
tibial plateau; measurement of
the TS (b). The TS (asterisk) is
defined as the tangent line to the
medial tibial plateau and a line
perpendicular to the longitudi-
nal tibial axis

Person omnibus normality tests were used to test Gaussian
distribution. The comparison of parametric data was per-
formed with a 7 test and non-parametric data was tested by
a Mann—Whitney test. The intraclass correlation coefficient
(ICC) was used to evaluate interrater reliability. Notably,
values of 0.5 through 0.6 are regarded as moderate agree-
ment whereas 0.7 through 0.8 indicate a strong agreement.
P <0.05 was considered statistically significant. Addition-
ally, Bland Altman plots were used to visualize uncertainty
between both reviewers for measurement of the TS and the
PTT (final follow-up).

Results

A total of 46 patients met our inclusion criteria and were
enrolled in this study. Seven patients (15%) received an
isolated PCL reconstruction, 26 patients (57%) a combined
PCL and posterolateral corner reconstruction and 13 patients
(28%) a reconstruction of both the anterior and posterior
cruciate ligament as well as of the posterolateral corner. All
patients were evaluated at a mean final follow-up of 102
(range 65-187) months.

Intraclass correlation coefficient between the observers
was 0.82 for the TS and 0.84 for the PTT, indicating a high
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interrater agreement. The corresponding Bland Altman plots
are shown in Fig. 2.

Mean side-to-side difference of the PTT significantly
improved from preoperative to the 3 months postopera-
tive values (10.9+3.1 vs. 3.6 +3.8 mm; P <0.0001). The
PTT increased to 4.6 +3.7 mm at 6 months, 4.8 +3.3 mm at
12 months, to 4.8 +3.2 mm at 24 months and 5.4 + 3.4 mm
at the final follow-up. Consequently, there was a significant
difference in the PTT between the 3-month and the final fol-
low-up values (3.6 +3.8 vs. 5.4+3.4 mm; P=0.02; Fig. 3).

Taking only the injured side into account, the absolute
PTT significantly improved from 13.1 +3.1 mm preopera-
tively to 6.1 +3.6 mm 3 month postoperatively (P =0.0001).
The absolute PTT increased to 7.0 +3.5 mm at 6 months, to
7.2+3.0 mm at 12 months, to 7.3+ 3.1 mm at 24 months
and to 8.1 +3.2 mm at the FFU. Likewise, there is a signifi-
cant difference between the PTT at 3 months and at FFU
(6.1+£3.6vs.8.1+3.2mm; P=0.01).
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Fig.2 Bland Altman plots dipicting the limits of agreement between
both reviewers for measurement of the tibial slope (a) and the poste-
rior tibial translation (b)
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Analysis of the tibial slope

The mean TS was 8.3° (+3.6°; range 1-14°) for the operated
and 7.9° (£ 3.4°; range 2—-15°) for the contralateral knee. A
threshold was drawn at 9°, to establish two equal cohorts of
23 patients each (group A=5.1+2°; range 1-8° and group
B=11.4+1.6° range 9-14°). There were no significant dif-
ferences between group A and B at preoperative, 3, 6 or
12 month values. Patients in Group A had a significantly
higher PTT compared to Group B both at the 24-month
(6.6+3.4 vs. 3.8 +2.6 mm; P=0.0033) and final follow-up
(7.2+3.4 vs. 3.7+2.5 mm; P=0.0002) values (Fig. 4).

Anthropometric analysis

The mean age of the patients was 30 +8.9 years (range
18-47). A threshold at 30 years was created to establish
two equal cohorts of 32 patients each (Group C 22.3 +3.8
years; range 18-30 years and Group D 38 +4 years; range
31-47 years). There were no statistically significant differ-
ences of the TS or of the PTT at any time between both
groups.

Likewise, the TS and PTT in female (n = 10) versus male
(n=36) patients was compared. There were no significant
differences regarding the TS between female and male
patients (7.8 +£3.5° vs. 8.4 +3.7°; n.s.). Additionally, there
were no significant differences of the PTT between both
female and male patients at any time.

Subgrouping according to the number of operated liga-
ments was performed: isolated PCL reconstruction (Group
E; N=7); reconstruction of the PCL and the posterolateral
corner (Group F; N=26); and reconstruction of the ACL,
PCL and posterolateral corner (Group G; N=13). There
were no significant differences in the TS and the PTT
between the subgroups (Fig. 5).

Average BMI was 26.9 +4.2 kg/m? (range 22-36) pre-
operatively and 28.5 +4.8 kg/m? (range 21-41) at time of
final follow-up (n.s.). There was no significant correlation
between patients’ BMI and posterior knee laxity at any time.

Discussion

The most important finding of the present study was, that
initial posterior laxity degrades over time after PCL recon-
struction. Specifically, posterior tibial translation signifi-
cantly increases from early postoperative values to the final
follow-up. This is particularly notable in patients with flat-
tening of the TS. Thus, the tested hypothesis was confirmed
by the results of the current study. Other covariants did
not have a significant influence in the present data. Conse-
quently, this might help to adjust overly optimistic patients’
and surgeons’ expectations, as results seem to deteriorate
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Fig. 3 Progression of the PTT over the course of follow-up. First, the
PTT significantly improved from preoperative to the 3-month post-
operative values. Second, the PTT significantly increased between
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Fig.4 Progression of the PTT according to the tibial slope over time. Patients in Group A (TS <9°) had a significantly higher PTT compared to
Group B (TS >9°) both at the 24 months and at FFU; * indicate a significant difference between the groups

over time and initial postoperative results cannot be equated
with the final outcome.

Despite recent advancement in PCL surgery, a consid-
erable number of patients fail to recover from their inju-
ries and clinical results remain less predictable than those
after ACL reconstruction. Reproducible results are depend-
ent on a number of different variables, including choice of
graft tissue, graft position, tensioning and postoperative

rehabilitation. Small alterations in any of these parameters
may result in an early or late construct elongation. Early
construct elongation occurs on the basis of graft slippage
or graft elongation [31, 38]. The latter can be attributed
to the inherent viscoelastic and viscoplastic properties of
soft-tissue grafts and their fixations. Numerous studies
have indicated that this usually occurs within the first hours
after surgery [1, 5, 28]. Inferior graft anchorage within the
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Fig.5 Progression of the PTT according to the number of operated ligaments. There were no significant differences between the subgroups at

any follow-up

bone-screw interface or loosening of the tibial fixation
devices have been studied extensively in ACL surgery [10,
16, 29, 39, 40]. Contrary to its anterior counterpart, there is
a paucity regarding loss of fixation after PCL reconstruction.
Nevertheless, early construct elongation is predominantly
relevant until the graft—tunnel interface incorporates into
a primary graft attachment. This usually occurs up to an
estimate of 4 weeks for bone—tendon—bone and 8 weeks for
hamstring tendons [25]. Thus, the current study could not
elucidate any of these early covariants, as the first postop-
erative evaluation of posterior stability was performed at a
3-month follow-up.

Late causes for residual construct elongation can be
summarized to increased in situ forces of the reconstructed
ligament [6, 11, 17]. This may be particularly relevant in
patients with a flattening of the TS, as these patients had a
significantly higher PTT at 24 months and final follow-up
compared to patients with a high TS. Even though the influ-
ence of the underlying geometry of the operated knee on
clinical outcome has long been underestimated, flattening
of the TS has been shown to be associated with a signifi-
cantly higher residual posterior tibial translation as well as a
decreased reduction of posterior tibial translation after PCL
reconstruction [13]. As an implication of this, isolated soft-
tissue procedures may only incompletely address posterior
knee instability in this subset of patients. Thus, a preopera-
tive determination of the TS should be a mandatory part of
the surgical planning.
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The results of this study further account for the mismatch
in the current literature between the promising short- and
worsened long-term results after PCL reconstruction in
regard to the restoration of posterior laxity [23, 27, 36].
Notably, the change in posterior tibial translation in the
present study coincides with the changes in patients’ activ-
ity, which scrutinizes current rehabilitation algorithms.
Fanelli advocated that a slow and deliberate rehabilitation
following PCL reconstruction is mandatory to a successful
clinical outcome [9]. Mook et al. validated this caution in a
recent biomechanical analysis and concluded that rehabili-
tation protocols should avoid implementation of early full
weightbearing, as this resulted in acquired graft laxity [26].
Because of this premise, most clinical studies—including
the present study—have implemented a rather conservative
rehabilitation protocol, but results still deteriorate in the long
term [21, 34]. Consequently, development of an optimal
postoperative algorithm still merits further investigation, in
particular for patients with a flattening of the TS.

There are a few limitations to the study, which should be
noted. Since clinical endpoints have not been accounted for
in the current study, the clinical applicability in regard to
patient-reported outcomes or resumption of sporting activi-
ties may be limited. However, posterior stress radiographs
have been acknowledged to provide a highly accurate, objec-
tive quantification of posterior laxity, which is crucial to
delineate potential risk factors in the setting of multiple
endpoints over time.
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Furthermore, there was a relatively wide range of con-
comitant injuries within our patient cohort. However, no sig-
nificant difference could be established in regard to the num-
ber of operated ligaments at any follow-up. Additionally,
in an effort to reduce variability we set stringent inclusion
criteria in this single-surgeon series and used a standardized
surgical and rehabilitation protocol.

Another drawback of the current study is the measure-
ment of the TS on a standard radiograph, thus potentially
ignoring a possible asymmetry between the medial and lat-
eral TS [41]. Nevertheless, there was a high interrater reli-
ability for both the TS as well as the posterior tibial transla-
tion in the current study and a previous investigation [13].

Conclusion

Early radiographic results after reconstruction of the pos-
terior cruciate ligament seem promising as posterior tibial
translation is significantly decreased. However, there is a
significant increase of posterior tibial translation from early
postoperative values to the final follow-up of at least 5 years.
Thus initial results after PCL reconstruction should not be
equated with the final outcome, particularly in patients with
flattening of the TS.
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