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In cruciate-retaining total knee arthroplasty (CR-TKA), intraoperative posterior cruciate ligament (PCL)
management is necessary because retention of optimum PCL tension with high reproducibility is diffi-
cult. If PCL management is not performed appropriately, problems such as postoperative pain, poor range
of motion, and a feeling of instability may occur. The posterior tibial slope (PTS) has a major influence on
the tension of the PCL in CR-TKA. Changes in femoral posterior condylar offset also influences PCL tension
in CR-TKA. We designed a surgical procedure in which the PTS is adjusted in association with the pos-
terior condylar offset during surgery. The postoperative clinical results of the primary total knee
arthroplasty 159 knee performed by this procedure were favorable. In addition, none of the knees
required management of PCL. In our procedure, PCL management, which is the main problem in CR-TKA,
is not necessary, and this may be the main advantage of the new procedure.
© 2023 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

The posterior tibial slope (PTS) has a major influence on the
tension of the posterior cruciate ligament (PCL) in cruciate-
retaining total knee arthroplasty (CR-TKA) [1,2]. However, there is
no specific method to adjust the PTS for retention of optimum PCL
tension in CR-TKA, and the PTS is set without consideration of the
intraoperative PCL tension. Thus, after CR-TKA using the measured
resection technique, intraoperative PCL management is necessary
because retention of optimum PCL tension with high reproduc-
ibility is difficult. If PCL management is not performed appropri-
ately, problems such as postoperative pain, poor range of motion,
and a feeling of instability may occur [3-6]. There are various
techniques for managing PCL, such as partial separation [7,8] and
increasing tibia posterior tilt [9,10]. However, the judgment of the
PCL management is based on the subjective evaluation of surgeons,
due to the inability to evaluate PCL tension quantitatively during
surgery. This may be a major cause of difficulty in securing a stable
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clinical outcome in CR-TKA and a reason for differences in clinical
outcomes among surgeons.

An increase in femoral posterior condylar offset (PCO) also in-
fluences PCL tension in CR-TKA, similar to that for the PTS [11,12].
Kang et al. [13] showed that an increase in PCL tension with an in-
crease in PCO was improved by increasing PTS in a computer
simulation using a finite element model. This suggests that PTS and
PCO have a mutual influence on PCL tension in CR-TKA; that is,
setting PTS and PCO in association with each other may enable
adjustment of PCL tension to an optimum. If PTS can be adjusted in
association with PCO so as to optimize PCL tension, intraoperative
PCL management may be unnecessary. Thus, with the aim of
retaining the optimum PCL tension with high reproducibility, we
designed a new surgical procedure (the selective posterior tibial
slope technique) that allows selective adjustment of PTS and PCO
relative to each other during surgery. This technique is amethod that
seems to have been the measured resection technique in CR-TKA.

Surgical technique

Selective posterior tibial slope technique

The new surgical procedure is applied through a medial para-
patellar approach and starts with femoral osteotomy following the
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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Figure 1. Check the gap difference with changing the thickness of spacer blocks every 1 mm by 2-finger technique. The extension gap is normally larger than the flexion gap
because no posterior slope is added to the tibia. Dgap ¼ extension gap - flexion gap.
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measured resection technique in primary total knee arthroplasty.
The osteotomy amount for the distal femur is set at the same
thickness as that of the component, but we use the sulcus-cut
technique [14] because wear of the articular cartilage and defor-
mation are present on the joint surface. The anterior reference is
used to determine the femoral component size. The surgical epi-
condylar axis is used as an index of femoral rotational alignment,
with measurement of the condylar twist angle on computed to-
mography images before surgery as a reference for identification of
the surgical epicondylar axis.

After completion of femoral osteotomy, the femoral trial is set
and all osteophytes overhanging from the posterior condyle of the
femoral trial are resected using a curved chisel. Tibial osteotomy is
applied vertically to the tibial axis using an intramedullary align-
ment rod. For the tibial osteotomy level, a device dedicated to the
femoral trial is attached to a level at which an 8-mm extension gap
can be prepared. The extension gap is defined as a component gap
at the full extension of the knee. Since the thickness of the tibial
tray of the Triathlon (Stryker, Mahwah, New Jersey) is 2mm and the
thinnest thickness of the polyethylene insert is 7 mm, an extension
gap of at least 9 mm is necessary. However, an extension gap that is
Figure 2. The femoral medial condylar contact point in a normal knee is present at two-thir
design of the surgical procedure.
smaller by 1 mm (8 mm) is purposely prepared in consideration of
the influence of additional osteotomy on the extension gap
(described below) because osteotomy is applied to the tibia in
flexion gap preparation in this surgical procedure. When the tibial
osteotomy is applied, in which bone tissue at the PCL insertion is
protected in an island shape.

After completion of tibial osteotomy, the tibial trial is set to the
tibial cut surface, and the tibial component size is determined. The
size may be the same as that on the femoral side or one size smaller
in many cases. Since the ligament balance affects gap creation, the
tibial attachment of the MCL deep layer is released during tibial
osteotomy, and all overhanging osteophytes medial to the tibial
trial are removed. Ligament balance is confirmed using a spacer
block, and medial release is added if the spacer block shows an
extreme medial pivot pattern. After balancing the ligaments, the
femoral trial is set again, the patella is placed in the reduction po-
sition, and the appropriate extension gap is measured using an
offset spacer with thickness varying every 1 mm. After measure-
ment of the extension gap, the knee joint is placed in 90� flexion,
and the procedure progresses to the measurement of the flexion
gap, which is defined as the component gap at 90� flexion. Similar
ds (68%) of the anteroposterior diameter of the tibia [2,3]. This information was used in



Figure 3. The hypotenuse angle (Q: corrected posterior tibial slope angle) was calculated using an inverse trigonometric function with 70% of the anteroposterior diameter of the
implant as the base length (a) and Dgap as the height (b).
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to the measurement of the extension gap, the patella is placed in
the reduction position and the appropriate flexion gap is measured
using an offset spacer with thickness varying every 1 mm. The
appropriate extension/flexion gap is defined as a gap consistent
with the 2-finger technique used in unicompartmental knee
arthroplasty [15]; that is, a spacer block held with 2 fingers can be
smoothly taken in and out.

Since the PCL is conserved and no posterior slope is added in
tibial osteotomy, the extension gap is normally larger than the
flexion gap at this stage. The difference between the extension and
flexion gaps is defined as Dgap (Fig. 1). In a normal knee, the femur
and tibia make contact at about a 70% position from the anterior
tibial joint surface when the PCL status is favorable [16,17] (Fig. 2).
To make the flexion gap at 70% from the anterior tibial joint surface
equal to the extension gap, the hypotenuse angle is calculated using
an inverse trigonometric function with Dgap as the height and 70%
of the anteroposterior diameter of the tibial component as the base
(Fig. 3). The calculated hypotenuse angle allows PTS to be adjusted
relative to PCO to retain optimum PCL tension. Thus, using a
dedicated device with variation by 1� corresponding to the hy-
potenuse angle (Fig. 4), a posterior slope is added to the tibia to
complete preparation of the flexion gap (Fig. 5). In this process, it is
also necessary to confirm the tibial rotational alignment, which is
determined using Akagi’s line [18] and one-third medial of the
tibial tuberosity as landmark indices.
Figure 4. Based on the calculated hypotenuse angle, preparation of the flexion gap was com
0� and 9� . For reference, photographs with angles set at 0� and 7� are presented.
Discussions

Since a conserved PCL serves as a joint gap stabilizer in flexion in
CR-TKA, the flexion gap does not normally become larger than the
extension gap, unlike in PCL-substituting TKA [19]. Therefore, the
PTS is important to secure the flexion gap. However, no consensus
on the PTS in CR-TKA has been reached, although it is set at about 5-
7� in many cases, which may refer to the PTS of a normal knee
based on the joint line theory [20,21]. However, the correctness of
this angle is unclear because there are racial and individual varia-
tions in PTS [22-25]. Thus, despite the importance of the PTS in CR-
TKA to secure the flexion gap and retain appropriate PCL tension,
the only anatomical consideration in setting the PTS using the
measured resection technique refers to a normal knee, and PCL
tension during surgery is not considered.

Adjustment of PTS and PCO in association with each other was
based on the femorotibial joint contact point. In a normal knee, PCL
tension increases to its highest at about 90� flexion, and the posi-
tion of this contact point is controlled within a flexion range of 60-
120� [26,27]. When PCL tension is favorable, the femorotibial joint
medial contact point at 90� flexion is present at about 70% of the
anteroposterior tibial diameter [16,17], and there is a close rela-
tionship between PCL tension and the contact point. Similarly,
changes in the contact point accompanying PCL tension [28] and
setting the contact point after surgery to that before surgery to
pleted using a dedicated device with angle variation of 1�. The device is available from



Figure 5. PTS can be adjusted in association with PCO so as to optimize PCL tension in this surgical technique. Although the PTS varies from case to case, it is not necessary to
manage PCL because the PTS is adjusted based on the tension of the PCL. PCL, posterior cruciate ligament; PCO, posterior condylar offset; PTS, posterior tibial slope.
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adjust PCL tension appropriately [29] have been reported in CR-
TKA; that is, the relationship between PCL tension and femoroti-
bial joint contact point in CR-TKA can be viewed as the same as that
in a normal knee, which is the basis of the design of our surgical
procedure.

In our surgical procedure, the preparation of the extension gap
is completed after the preparation of the flexion gap. Thus, the
addition of osteotomy of the tibia is necessary to prepare the flexion
gap, and the extension gap increases with the preparation of the
flexion gap, which is a problem in the procedure. However, an in-
crease in the PTS influences both gaps [30], with estimated in-
creases of the extension gap of 0.5 and 0.6 mm on the medial and
lateral sides, respectively, with the addition of every 1� to the PTS.
For example, in preparing a flexion gap when 5� is added to the PTS,
the medial extension gap increases by 2.5 mm. However, as
described previously, an extension gap smaller by 1 mm than the
originally necessary extension gap is prepared in our procedure.
Therefore, the actual change remains as a 1.5-mm increase, which
does not make the extension gap excessively loose. In addition, the
dedicated device for the PTS permits fine adjustment of the
osteotomy level, which reduces the influence of the surgical pro-
cedure on the extension gap.

The postoperative clinical results and postoperative range of
motion of the primary TKA 159 knee performed by this procedure
were favorable. In addition, none of the knees required manage-
ment of PCL. The knee joint has a complex structure with contrary
functions requiring stability and flexibility, and the ligaments play
an especially important role in these functions. Given these
essential roles of the ligaments, CR-TKA using the measured
resection technique is a superior surgical procedure with physio-
logical stability. In our procedure, PCL management, which is the
main problem in CR-TKA, is not necessary, and this may be themain
advantage of the new procedure. The current study also provides
scientific data for the standardization of the surgical procedure for
CR-TKA.
Summary

The PTS in CR-TKA should not be set simply by simulating the
anatomical morphology but should be established in association
with the PCO to achieve optimum PCL tension. This technique,
which can selectively adjust the PTS in relation to the PCO during
surgery so that the tension of the PCL can be maintained optimally
with high reproducibility, is considered to be a useful method for
CR TKA.
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