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Abstract

Purpose In cruciate retaining total knee arthroplasty, posterior cruciate ligament damage may occur during tibial
cutting. A prospective randomized study was conducted to investigate whether a novel tibial cutting technique
was more effective than the currently used techniques.

Materials and methods Patients undergoing cruciate retaining total knee arthroplasty were recruited in a prospec-
tive, randomized, controlled trial. In 25 patients (group 1) the tibial cut was performed using a double tibial cut tech-
nique; in 25 (group 2) and 25 (group 3) patients, the bone island and en bloc resection techniques were performed,
respectively. Posterior cruciate ligament integrity and femoral rollback were assessed at the end of surgery. The Oxford
Knee Score, WOMAC score and range of motion were assessed postoperatively.

Results Posterior cruciate ligament was completely preserved in 92% of patients in group 1 and in 64% in group

2 and 3, respectively (p=0.03). The Oxford Knee Score and WOMAC scores did not differ between groups (p=0.4).
The mean knee flexion was 126.4°, 121.5°and 123.9° in groups 1, 2 and 3, respectively (p=0.04). The femoral rollback
at 120° flexion was 80.7%, 72.2% and 75.4% in groups 1, 2 and 3, respectively (p=0.01).

Conclusions The double cut technique preserves the posterior cruciate ligament at significantly higher rates
than the bone island or en bloc resection techniques. Better posterior cruciate ligament preservation may improve
the femoral rollback and knee flexion.

Level of evidence Prospective randomized controlled trial, Level I.
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Introduction

Clinical and experimental studies have shown the role
of the posterior cruciate ligament (PCL) in the normal
knee biomechanics [1-9]. The PCL, with its anterolat-
eral and posteromedial bundles, is a primary constraint
against the posterior translation force of the tibia during
the range of motion (ROM) [1, 4, 5] and a secondary knee
stabilizer under rotatory loading during flexion beyond
90° [4, 8]. As the function of the sagittal and rotatory sta-
bilizers occurs synergistically with the posterolateral cor-
ner and medial ligament complex [4, 8, 9], overloading of
these anatomical structures might occur when the PCL is
injured.

The biomechanical functions of the PCL have been
incorporated into the total knee arthroplasty (TKA)
designs, including implants resembling the normal knee
when the PCL is preserved and those with a post-cam
mechanism when the PCL is sacrificed. Although both
designs have provided high rates of satisfactory results,
paradoxical or reduced femoral rollback, decreased tibial
internal rotation, and changes in the patellofemoral con-
tact area have been associated more frequently with the
cruciate- retaining (CR) than with the posterior stabi-
lized (PS) implants [2, 6, 7, 10—12]. Dynamic laxity and
instability, which are associated with PCL insufficiency
[13], are more difficult to detect and may explain why
some patients remain unsatisfied after a well aligned
CR TKA [14-16]. Nevertheless, an increase use of CR
designs may be expected in the next years since several
long-term investigations have shown greater survival of
CR compared to PS TKA [17-19].

In CR TKA, the tibial cut may be performed en bloc
or after the preservation of a bone island anterior to the
PCL to protect the ligament insertion on the tibial facet.
However, regardless of the technique used, there remains
a substantial risk of damaging the PCL while making the
tibial cut [20-26]. In a previous investigation analyzing
the maximum thickness of a tibial cut that preserves the
PCL, it was found that a 4—6 mm thick tibial resection
could effectively preserve the PCL [20] and that a thinner
cut should be performed in patients with a reduced pos-
terior slope (<5°), and vice versa, since a reduced poste-
rior slope increases the risk of PCL division [20]. As most
of the tibial components have a thickness of 9-10 mm, a
second resection is needed. The second cut may be per-
formed safely since, after the first cut, the trabecular bone
in front of the PCL insertion is clearly visualized [20].

To our knowledge, no study has analyzed the effective-
ness of different surgical techniques to preserve the PCL
during tibial cutting. A prospective investigation was
designed to evaluate the outcome of the PCL-sparing
technique of double tibial cutting compared to currently
used procedures, including the preservation of a bony
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island anterior to PCL insertion and en bloc resection
technique. The hypothesis was that the double-cut tech-
nique could avoid PCL transection and preserve femo-
ral roll back more consistently than the currently used
techniques.

Material and methods

Patients

Patients scheduled for primary TKA between June 2017
and June 2019 were prospectively enrolled in a rand-
omized controlled study designed to assess the effec-
tiveness of a novel tibial cutting technique for PCL
preservation. The inclusion criterion was primary or sec-
ondary knee osteoarthritis in which a CR TKA was indi-
cated. The exclusion criteria were previous knee surgeries
for degenerative or traumatic conditions; varus-valgus
deformity greater than 15°, bone defects or severe flexion
contractures (>25°) requiring a PS implant; and patients
unwilling to attend clinical follow-ups on a regular basis.
Of the 88 patients enrolled in the study, five declined to
participate; seven were lost to follow-up and one died at
the 2-years follow-up. The remaining 75 patients, were
included in the study (Fig. 1). A statistical calculator (Epi-
Calc2000 for Microsoft Windows, version 1.02) was used
for the randomization process to generate a code that
equally assigned each patient to one of the three groups
of treatment, based on age, sex and priority for TKA.
The latter included three classes based on the severity
of pain, functional disability and Ahlback’s radiographic
score [27]. The baseline demographic and clinical data
are reported in Table 1.

Surgical treatment

All operations were performed under spinal anesthesia
along with peripheral sciatic and femoral nerve blocks.
A cemented TKA (Columbus, Aesculap) was implanted
using a standard medial parapatellar approach by a sen-
ior surgeon (GC). In all patients a tourniquet was inflated
before skin incision and deflated before arthrotomy clo-
sure. No patient underwent patellar resurfacing. The
tibial extramedullary rod was aligned perpendicular to
the anatomical axis in the coronal plane, with a poste-
rior slope ranging from 3° to 7° (including 3° built in the
polyethylene insert) depending on the native tibial slope.
Anatomical references were used for coronal and sagit-
tal alignments [20, 28]. To evaluate the effectiveness of
different tibial resection modalities on PCL integrity, the
tibial cut was performed using one of the three surgical
techniques: double tibial cut technique (group 1), bone
island preservation adjacent to the PCL insertion (group
2), and en bloc resection of the proximal tibia (group 3)
(Fig. 2).
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Fig. 1 CONSORT (Consolidated Standards of Reporting Trials) flow diagram. Eighty-three patients were randomized in the study and 75 patients

were analyzed

Table 1 Baseline demographic and clinical data

Variables Group 1 (25) Group 2 (25) Group 3 (25) p value
Age 71.2+84 723+6.7 70.7+6 n.s
Sex (Female/male) 15/10 16/9 16/9 n.s
BMI® (kg/m?) 293142 286+3.8 281146 ns
Side (right/left) 16/9 14/11 13/12 n.s
OKS* (preoperative) 165+58 17+45 184+4.1 n.s
Womac (preoperative) 64+14 66.6+11.5 643+9.3 n.s
Varus/valgus deformity 19/6 21/4 20/5 n.s
HKAA angle in varus knee 170+£8.1 1689+74 169.2+75 n.s
HKAA angle in valgus knee 187.2+7.7 186.8+83 187.6+64 n.s
Preop. ROM** 107.5°+114 108.3°+13.8 109°+9.8 n.s

Mean values and (+) standard deviation in each group; ® Body Mass Index;
* Oxford Knee Score; AHip-Knee-Ankle angle; **Range of motion

In the double tibial cut technique, an Hohmann’s
retractor for PCL was used to protect the PCL fibers
during the first tibial cut. The thickness of the first tibial
cut varied according to the degree of the posterior tibial
slope (PTS) of the operated knee and the posterior slope
of the tibial cut [20, 24]. The PTS was calculated by aver-
aging the posterior tibial slope of the lateral and medial
tibial plateaus measured on lateral view radiographs. A

4 mm cut was performed in patients with PTS<5°% a 5
and 6 mm thick tibial cut was performed in those with a
PTS of 5°-8° and > 8°, respectively. Because the minimum
thickness of the tibial component implanted was 10 mm,
a second tibial cut was performed, after the first cut, to
achieve a total thickness of 10 mm, As a result, when the
first cut was 6 mm thick, the second cut was performed
by shifting the cutting guide 4 mm caudally on the same
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Fig. 2 Sagittal MRI scans showing the different techniques of tibial cutting. The white continuous line represents the PCL insertion in the PCL
facet. A Double tibial cut technique. The dotted line 1 and 2 represent the first and second tibial cut; the white dotted line represents the residual
bone adjacent to the PCL insertion after the second cut. B Bone island technique. The white dotted line represents a limited osteotomy performed
to isolate a bone block in front of the PCL. When the bone block is inadvertently undermined by the saw blade (black dotted lines) its anchoring
area is reduced leading to increased risks of detachment due to the traction exerted by the PCL. C en bloc resection. The image highlights the risk
of damaging, and difficulty in protecting, the PCL insertion when this technique is used

pins; when the first cut was 4-5 mm thick, the second
cut was performed by placing the cutting guide 5-6 mm
below. In the latter, new pins were usually placed to lower
the cutting guide of 5-6 mm. As during the second cut
the trabecular bone in front of the PCL is clearly exposed,
the saw blade is stopped before reaching the posterior
tibial cortex leaving a few mm of trabecular bone in front
of the PCL insertion (Fig. 3).

In group 2, a curved osteotome was used to isolate a
round bone block in front of the PCL insertion. A distal
ledge was placed 10 mm above its end to prevent cutting
of trabecular bone beyond 10 mm and avoiding under-
mining of the bone island. In group 3 the tibial cut was
performed en bloc having care to protect the PCL with
an Hohmann’s retractor. In each group the tibial cut
thickness was measured on the healthy side. The further
surgical steps remained unchanged, including a coronal

femoral cut aligned to the anatomical-mechanical align-
ment angle, rotation of the femoral component averaging
the antero-posterior and posterior condylar axes and a
rotation of the tibial component set at the medial third
of the tibial tuberosity. In varus knees, ligamentous bal-
ancing was achieved by dissecting the deep medial col-
lateral ligament (MCL) fibers. Subperiostal dissection of
the superficial MCL was performed if the medial com-
partment remained too tight after the division of the
deep fibers. In valgus knees, multiple puncture technique
was used to release the lateral collateral ligament (LCL).
The flexion space was first balanced with a femoro-tibial
distractor to achieve a joint gap of about 1 and 2-3 mm
in the medial and lateral side, respectively. The extension
space was balanced to achieve 2° of varus-valgus laxity
under manual stresses on the medial and lateral side.

Fig. 3 Intraoperative imaging of the double tibial cut technique. A Image showing the first tibial cut. B After the removal of the first slice

of bone, the posterior tibial cortex adjacent to the PCL insertion is clearly exposed. C: Image showing the second tibial cut necessary to achieve

the thickness of the tibial component
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PCL integrity was directly visualized and assessed
using a probe by the operating surgeon along with a
senjor and young resident. The PCL was graded as “pre-
served” when no macroscopic injuries or division of PCL
fibers were seen and the ligament tensioning appeared
normal. When part of PCL fibres were found to be cut
and the tensioning of the ligament reduced it was graded
as “partially recessed” The PCL was graded as “fully
divided”, when most or all fibers of the PCL appeared to
be cut with an identifiable proximal and/or distal liga-
ment stump. At the end of the surgery the tourniquet was
removed and patellar tracking was assessed. Lateral reti-
nacular release was performed if patellar tilt or disloca-
tion was observed during flexion—extension of the knee.
After skin closure the femoral rollback was assessed on
the operating table under fluoroscopy by placing the knee
at 90°and 120° of flexion using a digitalized goniometer.

The postoperative course included flexion—extension
exercises and weight-bearing on the first postoperative
day. The patient was discharged on the 3rd or 4th postop-
erative day. The rehabilitation program was continued for
4—6 weeks in the inpatient rehabilitation clinics.

Clinical evaluation

Patients were evaluated before surgery, at 3, 6, and
12 months postoperatively, and up to a minimum of
2 years after surgery. The mean follow-up was 2.9 years
(range 2.2-3.6 years). The clinical evaluation was per-
formed by two senior residents who were not involved
in the operation and were unaware of the study group
assignments. The Oxford Knee Score (OKS) and Western
Ontario and McMaster University Osteoarthritis Index
(WOMAC) questionnaires were administered to all the
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patients. A digitalized goniometer was used to assess
ROM and varus-valgus stability.

Radiographic evaluation

The hip-knee-ankle angle (HKA) and the implant align-
ment were measured. An HKA of 0°+3° of varus (-)/
valgus (+) was considered to be within the normal range.
The presence and progression of radiolucent lines or
cement debonding were assessed using the Knee Society
Evaluation System [29]. The femoral rollback was evalu-
ated using fluoroscopic images taken at the end of sur-
gery by two examiners who were blinded to the study
groups. The degree of femoral translation was measured
using two different references: (1) the shortest distance
between the femoral and tibial components (SDFT) and
(2) a line perpendicular to the tibial component pass-
ing through the base of the femoral component peg (the
femoral peg projection [FPP]) (Fig. 4). To avoid the pos-
sible influence of different radiographic magnifications,
the femoral rollback was expressed as a percentage of the
sagittal diameter of the tibial component.

Statistical analysis

The sample size was calculated based on the mini-
mal clinically important difference of 15 points in the
WOMAC score [30, 31]. A minimum sample size of 23
patients was necessary for each group with a power of
80% and an alpha error of 0.05. Considering a drop out
rate of 3 to 5 patients per group (12-22%), 28 patients
were recruited for each group. Fluoroscopic imaging was
independently evaluated by 2 observers. The intraclass
correlation coefficient (ICC) was calculated for intra-
and inter-rater reliabilities. Intraobserver reliability was
calculated by remeasuring the femoral rollback in 30

Fig.4 A Fluoroscopic images showing the reference points used to measure femoral rollback including the shortest distance between the femoral
and tibial components (red arrow), and the femoral peg projection on the tibial component (blue arrow). B and € Show the relationship
between the two reference points in patients with different degrees of femoral rollback
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randomly selected images (10 per group) 2 months after
the initial evaluation (10 per group). The Kolmogorov—
Smirnov test was used to assess the normal distribution
of the data. Independent t-test and repeated measures
analysis of variance were used to estimate the difference
in clinical scores between groups. Kruskall-Wallis one-
way analysis of variance was used to assess differences in
the ROM and femoral rollback between the groups. The
chi-squared test was used to evaluate differences in the
rates of PCL preservation between the groups. Statistical
analyses were performed using SPSS for Windows (ver-
sion 26.0; IBM Corp., Armonk, NY, USA).

Results

The mean tourniquet time was 62.3 £ 8.6 (range 48-75),
61.7+SD 8.1 (range 47-77) and 59.6+9.1 (range 46—78)
minutes in group 1, 2 and 3, respectively, the difference
being non significant (n.s.). Intraoperative assessment of
PCL status before tibial cutting revealed that a competent
PCL was present in all patients. After tibial resection, the
PCL appeared to be divided in no patients in group 1 (0)
and in five (20%) and two (8%) patients in groups 2 and 3,
respectively (p=0.03) (Table 2).

Clinical results

The median preoperative OKS was 15 (range 9-28), 17
(range 9-28), and 18 (range 11-26) in groups 1, 2 and
3, respectively (n.s.). At the two-year follow-up, the
median postoperative OKS was 42 (range 28-48; 95%
CI 39-43.3), 41(range 26-48; 95% CI 37.4—41.7) and 41
(range 34-47; 95% CI 39.2-42.3), in groups 1, 2 and 3,
respectively (n.s.). The difference between the pre- and
post-operative OKS was 24.6 (range 19-37), 22.3 (range
13-35) and 22.4 (range 13-32), in groups 1, 2 and 3,
respectively (p <0.0001). The rate of improvement in the
pre- and post-operative OKS did not differ significantly
between the groups (n.s.) (Mean values are reported
in Tables 1 and 3).

The median preoperative WOMAC scores were 67
(range 34-88), 69 (range 41-81) and 63 (range 51-79)
in groups 1, 2 and 3, respectively (n.s.). At the two-year
follow-up, the median postoperative WOMAC scores
were 15 (range 1-48; 95% CI 13.2-24.3), 20 (range 8—42;
95% CI 18.3-25.6) and 23 (range 7—40; 95% CI 18.9-27)

Table 2 PCL status after the tibial cut

PCL status Group 1(25) Group 2(25) Group 3 (25) p value
Preserved 23 (92%) 16 (64%) 16 (64%) 0.03
Partially divided 2 (8%) 4 (16%) 7 (28%)

Entirely divided 0 5 (20%) 2 (8%)

p=0.03 between group 1 and 2; p=0.04 between group 1and 3; p=0.3
between group 2 and 3
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Variables Group 1 Group 2 Group 3 p value
(25) (25) (25)

OKS*

3 337443 322453 324449 ns.

months

12 37.8+4.6 37+4.7 376144 ns.

months

2 years 412+£52 396%52 408+38 ns
WOMAC

3 342410 35+84 3694 ns.

months

12 238+106 26+88 26448 0.051

months

2 years 188+135 22+88 23+98 ns.
ROM** 1262°447 1215+27 1239+3.1 00002"/0.03%/0.009'

* Oxford Knee Score; **Range of Motion. Difference (p value) between Agroup
1 and 2; °gr 1 and 3; *group 2 and 3. Mean values and standard deviations are
reported

in groups 1, 2 and 3, respectively (n.s.). The WOMAC
scores significantly improved postoperatively in all
groups (p<0.0001). However, the rate of improvement
between the pre-operative and post-operative score was
not different between the groups. The median preopera-
tive pain score was 13 (6-17), 14 (8—17) and 13 (9-16) in
groups 1, 2 and 3, respectively (n.s.). The median post-
operative pain score was 2 (range 0-7), 3 (range 0-6)
and 3 (range 0-5) in groups 1, 2 and 3, respectively (n.s.).
The median preoperative function score was 48 (range
20-64) 47 (range 30—60) and 44 (range 34—54) in groups
1, 2 and 3, respectively (n.s.). The median postoperative
function score was 14 (range 0-39), 17 (range (6—34) and
18 (range 4—34) in groups 1, 2 and 3, respectively (n.s.).

The median ROM was 126.2° (range 116°-134° 95%
CI 124.2-128.1), 121.5° (range 116°~126° 95% CI 120.3—
122.6) and 123.9° (range 118°-131°; 95% CI 122.6-125.1)
in groups 1, 2 and 3, respectively (p=0.0002) (Fig. 5a)
(The mean values are reported in Table 3).

Radiographic data

The radiographic results are shown in Table 4. The
intra- and inter-observer reliability in evaluating the
femoral rollback was 0.86 and 0.88, respectively. The
median femoral rollback at 90° of flexion was, using
the FPP reference, was 46.2% (range 32.8—-59.6%; 95%
CI 43.1-49.2), 41.8% (range 29.8-56.1%; 95% CI 39.1—
44.4) and 43.3% (range 28.9-56.9%; 95% CI 40.4—46.1)
in groups 1, 2 and 3, respectively. Using the SDFT ref-
erence, the median femoral rollback at 90° of flexion
was 65% (range 49.3-76%; 95% CI 61.8-68.1), 59%
(range 43.7-71.2%; 95% CI 56.2-61.7) and 62% (range
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Fig. 5 A Box plots showing the distribution of range of motion (ROM) and B the percentage of posterior femoral translation compared
with the sagittal tibial plate diameter, in the 3 groups. The boxes represent the median and interquartile range (IQR). The errors bars represent

the range of data

Table 4 Hip-Knee-Ankle (HKA) angle and femoral rollback at 90° and 120°

Variables Group 1 (25) Group 2 (25) Group 3 (25) p value
HKA angle 182.2°+34 181.7°+36 183.1°+29 n.s
Femoral rollback at 90°
FPP** 462+74 41.8+6.5 433+7 0.01//0.075/04"
SDFTAA 65+7.7 59+6.6 62+46 0.006//0.09° /0.05"
Femoral rollback at 120°
FPP 795+93 709+58 741+£56 0.0009//0.01%/0.05
SDFT 80.7+8.5 713+6.7 746+38 0.0003//0.015/0.01"

* Femoral Peg Projection; AAShortest Distance between Femoral and Tibial components. Values of posterior femoral translation are expressed as % of the sagittal
diameter of the tibial component Difference (p value) between Agroup 1and 2; % gr 1 and 3; " group 2 and 3

49.4% and 70.4%; 95%CI 60.1-63.9) in groups 1, 2 and
3, respectively. The difference was significant between
groups 1 and 2 (Table 4). At 120° of flexion, the median
femoral rollback (using the FPP reference) was 79.5%
(range 62.5-94.7%; 95% CI 75.6-83.3), 70.9% (range
62.9-80.8%; 95% CI 68.6—73.1) and 74.1% (range 62.9—
80.8%; 95% CI 71.7-76.4) in groups 1, 2 and 3, respec-
tively (Fig. 5b). Using the SDFT, the median femoral
rollback at 120° flexion was 80.7% (range 67.5-100%,
95% CI 77.1-84.2), 71.3% (range 60.9-85.7%; 95%
CI 68.5-74) and 74.6% (range 60-2-85.1%; 95% CI
73-76.1) in groups 1, 2 and 3, respectively (Fig. 3b).
The differences were significant between all groups
(Table 4).

Complications

A superficial wound infection was diagnosed in one
knee in group 1 and 3. In both patients, intravenous
antibiotics were administered for 2 weeks, when res-
olution of the superficial infection was seen. One
patient in group 2 developed postoperative stiffness

and required mobilization under general anesthesia.
None of the patients required a reoperation.

Discussion

The most important finding of the study was that the
double tibial cut technique allows complete preserva-
tion of the PCL in a higher rate of patients than the bone
island and the en bloc resection techniques and that a
better ROM and greater femoral rollback are associated
to higher rate of fully preserved PCL. The bone island
technique does not provide better PCL preservation than
the en bloc resection technique.

Current techniques for tibial cutting include the
preservation of a bone island adjacent to the PCL or
the en bloc resection of the proximal tibia [20, 29, 30,
32]. Both techniques carry the risk of inadvertently
sacrificing the PCL. The preservation of a bone island
anterior to the PCL insertion was introduced to protect
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the ligament insertion. However, during the tibial cut-
ting the bone block may be undermined with the saw
blade thus reducing its anchoring area on the underly-
ing bone. As a result, during flexion, the traction forces
exerted by the PCL may cause the detachment of the
bone block along with PCL fibres [26] (Fig. 2). In the en
bloc resection technique, a Hohmann’s retractor is used
to protect the PCL insertion. However, the PCL fibers
insert into the distal half of the PCL facet and it may be
difficult to secure the ligament insertion in this area. In
keeping with this, high rates of PCL division have been
reported in imaging studies simulating the tibial cut
[22-24] in TKA and in cadaveric and clinical investiga-
tions analyzing PCL fibers removed with the excision of
the tibial plateaus [21, 25, 26, 33].

As current CR TKA techniques do not seem to guar-
antee the complete preservation of the PCL during tibial
cutting and, to the best of our knowledge, no previous
study has explored possible alternatives, a prospective
study was designed to assess the effectiveness of a novel
PCL-preserving technique. The rationale for the double
tibial technique originates from an imaging study show-
ing that, to fully preserve the PCL, a tibial cut should be
4 to 6 mm thick to end above the insertion of the PCL.
As the PCL fibers run close to the posterior cortex before
inserting into the distal half of the PCL facet [34], they
are at risk of being cut and must, therefore, be protected
with a retractor. The technique requires a second cut to
achieve a total thickness of 9-10 mm for tibial compo-
nent implantation. In this study, the double tibial cut
technique was compared with two currently used tech-
niques: en bloc resection and preservation of a bone bloc
anterior to the PCL insertion. The posterior slope of the
tibial cut ranged between 0 and 4°, which led to an over-
all posterior slope between 3° and 7° considering that a
liner with a 3° of posterior slope was used. The PCL was
completely preserved in 92% of the patients in the study
group compared to 64% of patients in the bone island and
en bloc resection groups. None of the patients in the dou-
ble tibial cut group had entirely divided PCL while this
occurred in five (20%) and two (8%) patients in the bone
island and en block resection groups, respectively. The
postoperative clinical scores significantly improved in all
groups. The OKS did not differ significantly between the
groups. A better WOMAC score was found in the study
group than in group 2 at the 1- year follow up but results
were similar at the 2 years follow-up.

Several investigations have analyzed femoral rollback
in patients undergoing TKA using fluoroscopic imag-
ing [35-37]. However, most of previous studies included
a limited number of patients in whom different types of
TKA were compared [35-37]. Kim et al., analysed the
femoral rollback using intraoperative sensors in patients
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who had a CR and PS TKA [38]. The authors found
that PS design provided significant better femoral roll-
back during flexion up to 120° compared to CR. In this
study the femoral rollback was greater in the group of
the double cut technique than in the other groups; it was
associated with greater ROM but did not influence the
clinical outcome. In patients undergoing the double-cut
technique femoral rollback was similar to that found in
patients with PS TKA [38], meaning that when the PCL is
preserved femoral rollback may be similar with both CR
and PS designs.

In this study the bone island technique did not perform
better than the en bloc resection technique. Although
the rate of complete PCL preservation was similar in
both groups, a greater proportion of patients in the bone
island group showed complete PCL division than those in
the en bloc resection group (20% versus 8%). Slightly bet-
ter ROM was measured in the en block resection group
than in the bone island group, although the difference
was not significant. An in vitro investigation comparing
the two techniques showed that PCL damage occurred in
23% and in 73% of patients in the bone island and en bloc
resection groups, respectively [33]. However, the authors
did not strictly simulate the tibial cut performed in TKA;
a 2-mm thick tibial cut was made from the medial tibial
plateaus which, in a healthy knee, leads to an excessively
thin tibial cut [33].

The clinical relevance of a PCL recession or division
during tibial cutting in CR TKA is yet to be established
[30, 39—44]. Dion et al. retrospectively analyzed a series
of patients undergoing TKA in whom the PCL was
retained, recessed or fully divided [30]. The latter was
accomplished in the presence of excessive femoral roll-
back and anterior lift-off of the tibial trial. The clinical
and functional scores did not differ significantly among
the three groups; the authors concluded that it is not
necessary to convert a CR to PS when the PCL had been
recessed or excised [30]. However, the authors analyzed
the effect of PCL recession or division in patients in
whom such a release was performed due to an excessively
tight flexion space while they did not analyze patients in
whom the PCL division, though not necessary, occurred
inadvertently. In contrast, in the present study, patients in
whom preoperative knee stiffness and /or deformity sug-
gested that a PS knee could be advisable were excluded
from the study. Furthermore, with the trial component
in place, no knee was judged too tight to require a PCL
release or division. Although patients were informed
that a PS could be an option in case of unbalanced flex-
ion space, a PS was not implanted in cases showing a full
division of the PCL, because a balanced flexion space was
still achieved in these cases.



Cinotti et al. Knee Surgery & Related Research (2024) 36:2

This study has certain limitations. The accuracy of the
macroscopic assessment of PCL integrity during surgery
is not known since we did not perform a postoperative
MRI to confirm the intraoperative findings. In addi-
tion, the fact that the operating surgeons were aware of
the surgical techniques used may have biased the intra-
operative evaluation of the PCL integrity after the tibial
cut. However, the intraoperative evaluation was in line
with the postoperative assessment of femoral rollback
and ROM which were blindly evaluated. It should be also
considered that when few PCL fibers are divided and the
ligament is evaluated as fully preserved, the ligament
function is likely to be preserved and vice versa. Second,
whether the assessment of femoral rollback on the oper-
ating table under spinal anesthesia is representative of
femoral rollback in vivo may be debated. However, fem-
oral rollback can be affected by pain so it may be more
difficult to compare the degree of femoral translation
at definite flexion angles in vivo. Third, as femoral roll-
back may be affected by the degree of tensioning or lax-
ity of the flexion space and by ligament balancing, they
may influence femoral translation. Although this possible
source of bias cannot be excluded, a priori, a technique
aimed at obtaining a balanced flexion space was adopted
in all patients. On the other hand, in no patient in this
series was there a narrow flexion space such that a PCL
release would required. Fourth, although a power analy-
sis was conducted prior to the study, a larger sample
size may reveal possible differences in the clinical scores
which may be concealed by other factors not identified
in this study. Nevertheless, this is the first study analyz-
ing the results of several tibial cutting procedures on PCL
preservation in TKA. Fifth, as the liner of the tibial com-
ponent used includes 3° of the posterior slope the results
of this study do not necessarily apply to other TKA with-
out a posterior slopped liner.

Conclusions

Current tibial cutting techniques in TKA are associated
with a risk of PCL damage. Although the extension of
PCL fibers resected during surgery may vary in relation
to the native inclination of the tibial plateaus and the pos-
terior inclination of the tibial cut, a surgical technique
aimed at preserving the PCL more consistently would be
advisable. This prospective randomized study has shown
that the double cut technique preserves the posterior
cruciate ligament at significantly higher rates than the
bone island or en bloc resection techniques. Better pos-
terior cruciate ligament preservation may improve the
femoral rollback and knee flexion.

Acknowledgements
Not applicable.

Page 9 of 10

Author contributions

GC design of the study, data analysis, writing the manuscript; FRR and BP
collection of data, analysis of results, revision manuscript; GLT planning of the
study, statistical analysis; GG data analysis, revision manuscript.

Funding
No funds, grants, or other support was received for this research.

Availability of data and materials
The datasets generated and/or analysed during the current study are available
from the corresponding author on a reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the institutional review board (No. 4432, protocol
376/17), and informed consent was obtained from all patients according to
the Declaration of Helsinky.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing financial interests or
personal relationships that could have influenced the study reported in this
article.

Author details

!Department of Anatomical, Histological, Forensic Medicine and Orthopaedic
Sciences, University La Sapienza, Piazzale Aldo Moro, Rome, Italy. 2Aereospace
Medicine Department, Italian Air Force, Rome, Italy. *Department of Public
Health and Infectious Diseases, University La Sapienza, Piazzale Aldo Moro,
Rome, Italy.

Received: 25 April 2023 Accepted: 27 December 2023
Published online: 10 January 2024

References

1. Ahmad CS, Cohen ZA, Levine WN, Gardner TR, Ateshian GA, Mow VC
(2003) Codominance of the individual posterior cruciate ligament
bundles. An analysis of bundle lengths and orientation. Am J Sports Med
31:221-225

2. Broberg JS, Ndoja S, MacDonald SJ, Lanting BA, Teeter MG (2020)
Comparison of contact kinematics in posterior-stabilized and cruciate
retaining total knee arthroplasty at long-term follow-up. J Arthroplasty
35:272-277

3. Ishida K, Shibanuma N, Matsumoto T, Toda A, Oka S, Kodato K, Takayama
K, Kurosawa M, Kuroda R (2018) Tibiofemroal rotational alignment affects
flexion angles in navigated posterior-stabilized total knee arthroplasty.
Knee Surg Sport Traumatol Artrhosc 26:1532-1539

4. Kennedy NI, Wijdicks CA, Goldsmith MT, Michalski MP, Devitt BM, Argen A
et al (2013) Kinematic analysis of the posterior cruciate ligament, part 1:
the individual and collective function of the anterolateral and postero-
medial bundles. Am J Sports Med 41:2828-2838

5. Papannagari R, DeFrate LE, Nha KW, Moses JM, Moussa M, Gill TJ et al
(2007) Function of posterior cruciate ligament bundles during in vivo
knee flexion. Am J Sports Med 35:1507-1512

6. Smith LA, Nachtrab J, LaCour M, Cates H, Freeman MG, Komistek RD
(2021) In vivo knee kinematics: how important are the roles of femoral
geometry and cruciate ligaments? J Arthroplasty 36:1445-1454

7. Stiehl JB, Komistek RD, Dennis DA, Paxos RD, Hoff WA (1995) Fluorosocpic
analysis of kinematics after posterior-cruciate retaining knee arthroplasty.
J Bone Joint Surg Br 77:884-889

8. Veltri DM, Deng X-H, Torzilli PA, Warren RF, Maynard MJ (1995) The role
of the cruciate and posterolateral ligaments in stability of the Knee. A
biomechanical study. Am J Sport Med 23(4):436-443

9. Winkler PW, Zsidai B, Wagaka NN, Hughes JD, Horvath A, Senorski EH,
Samuelsson K, Musahl V (2021) Evolving evidence in the treatment



Cinotti et al. Knee Surgery & Related Research (2024) 36:2

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

of primary and recurrent posterior cruciate ligament injuries, part 1:
anatomy, biomechanics and diagnostics. Knee Surg Sport Traumatol
Artrhosc 29:672-681

Angerame MR, Holst DC, Jennings JM, Komistek RD, Dennis DA (2019)
Total knee arthroplasty kinematics. J Arthroplasty 34(10):2502-2510

. Komistek RD, Allain J, Anderson DT, Dennis DA, Goutallier D (2002) In vivo

kinematics for subjects with and without an anterior cruciate ligament.
Clin Orthop Relat Res 404:315-325

Moewis P, Duda GN, Trepczynski A, Krahl L et al (2020) Retention of pos-
terior cruciate ligament alone may not achieve physiological knee joint
kinematics after total knee arthroplasty. A Retrospective Study. J Bone J
Surg 103(2):146-154

Goyal K, Tashman S, Wang JH, Li K, Zhang X, Harner C (2012) In vivo
analysis of the isolated posterior cruciate ligament- deficient knee during
functional activities. Am J Sports Med 40:777-785

Baker PN, van der Meulen JH, Lewsey J, Gregg PJ (2007) The role of pain
and function in determining patients satisfaction after total knee replace-
ment. J Bone Joint Surg 89B(7):893-900

Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD (2010)
Patient satisfaction after total knee arthroplasty: who is satisfied and who
is not? Clin Orthop Relat Res 468:57-63

Noble PC, Conditt MA, Cook KF, Mathis KB (2006) Patient expectations
affect satisfaction with total knee arthroplasty. Clin Orthop Relat Res
453:35-43

Abdel MP, Morrey ME, Jensen MR, Morrey BF (2011) Increased long-term
survival of posterior cruciate-retaining versus posterior cruciate-stabiliz-
ing total knee replacements. J Bone Joint Surg Am 93:2072-2078

Kanna R, Murali SM, Ramanathan AT, Pereira L, Yadav CS, Anand S (2023)
Cruciate retaining total knee arthroplasty has a better 10 year survival
than posterior stabilized total knee arthroplasty: a systematic review and
meta-analysis. J Exp Orthop 10:19

Vertullo CJ, de Steiger RN, Lewis PL, Lorimer M, Peng Y, Graves SE (2018)
The effect of prosthetic design and polyethylene type on the risk of
revision for infection in total knee replacement. J Bone Joint Surg Am
100:2033-2040

Cinotti G, Sessa P, Amato M, Ripani FR, Giannicola G (2017) Preserving
the PCL during the tibial cut in total knee arthroplasty. Knee Surg Sport
Traumatol Artrosc 25(8):2594-2601

Feyen H, Van Opstal N, Bellemans J (2013) Partial resection of the PCL
insertion site during tibial preparation in cruciate-retain- ing TKA. Knee
Surg Sports Traumatol Arthrosc 21:2674-2726

Liabaud B, Patrick DA Jr, Geller JA (2013) Is the posterior cruciate ligament
destabilized after the tibial cut in a cruciate retaining total knee replace-
ment? Knee 20:412-415

Matziolis G, Mehlhorn S, Schattat N, Diederichs G, Hube R, Perka C et al
(2012) How much of the PCL is really preserved during the tibial cut?
Knee Surg Sports Traumatol Arthrosc 20:1083-1086

Sessa P, Fioravanti G, Giannicola G, Cinotti G (2015) The risk of sacrificing
the PCL in cruciate retaining total knee arthroplasty and the relationship
to the sagittal inclination of the tibial plateau. Knee 22:51-55

Shannon FJ, Cronin JJ, Cleary MS, Eustace SJ, O'Byrne JM (2007) The
posterior cruciate ligament-preserving total knee replacement: do we
‘preserve’it? A radiological study. J Bone Joint Surg Br 89:766-771

Totlis T, losifidis M, Melas |, KonstantinosApostolidis K, Agapidis A,
Eftychiakos N, DimitriosAlvanos D, Kyriakidis A (2017) Cruciate-retaining
total knee arthroplasty: how much of the PCL is really retained. Knee Surg
Sport Traumatol Arthrosc. 25:3556

Galli M, De Santis V, Tafuro L (2003) Reliability of the Ahlback classification
of knee osteoarthritis. Osteoarthr Cartil 11(8):580-584

Cinotti G, Caruso E, Orsina L, La Torre G, Ripani FR (2017) Mapping of the
anterior tibial profile to identify accurate reference points for sagittal
alignment of tibial component in total knee arthroplasty. Orthop Trauma-
tol Surg Res 103(6):959-963. https://doi.org/10.1016/j.0tsr.2017.05.018
Meneghini RM, Mont MA, Backstein DB, Bourne RB, Dennis DA, Scuderi
GR (2015) Development of a modern knee society radiographic evalua-
tion system and methodology for total knee arthroplasty. J Arthroplasty
30:2311-2314

Dion C-AB, Howard JL, Lanting BA, McAuley JP (2019) Does recession of
the posterior cruciate ligament influence outcome in total knee arthro-
plasty? J Arthroplasty 34:2383-2397

Page 10 of 10

31. Escobar A, Quintana J, Bilbao A, Arostegui |, Lafuente |, Vidaurreta | (2007)
Responsiveness and clinically important differences for the WOMAC and
SF-36 after total knee replacement. Osteoarthr Cartil 15:273-280

32. Rosemberg AG, Knaple DM (2006) Posterior cruciate-retaining total knee
arthroplasty. In: Scott NW (ed) Insall & Scott, surgery of the knee, 4th edn.
Churcill Livingstone Elsevier, Philadelphia, p 1522

33. Wood AR, Rabbani TA, Sheffer B, Wagner RA, Sanchez HB (2018) Protect-
ing the PCL during total knee arthroplasty using a bone island technique.
J Arthroplasty 33:102-106

34, Moorman CT Ill, Murphy Zane MS, Bansai S, Cina SJ, Wickiewicz TL, Warren
RF et al (2008) Tibial insertion of the posterior cruciate ligament: a sagittal
plane analysis using gross, histologic, and radiographic methods. Arthros-
copy 24(3):269-275

35. Klemt C, Drago J, Tirumala V, Kwon Y-M (2022) Asymmetrical tibial
polyethylene geometry-cruciate retaining total knee arthroplasty does
not fully restore in-vivo articular contact kinematics during strenuous
activities. Knee Surg Sporst Traumatol Arthrosc 30:652-660

36. Pfitzner T, Moewis P, Stein P, Boeth H, Trepczynski A, von Roth P, Duda GN
(2018) Modifications of femoral component design in multi-radius total
knee arthroplasty lead to higher lateral posterior femoro-tibial translation.
Knee Surg Sports Traumatol Arthrosc 26:1645-1655

37. Jang SW, Kim MS, Koh IJ et al (2019) Comparison of anterior-stabilized
and posterior-stabilized total knee arthroplasty in the same patients: a
prospective randomized study. J Arthroplasty 34(1682-1689):38

38. Kim J, Park JH, Park JH, Son DW, Ahn JH (2022) rospective sequential com-
parison of femoral roll-back between cruciate-retaining and posterior-
stabilized total knee arthroplasty using an intra-operative sensor. Knee
39:253-260

39. Hirsh H, Lotke P, Morrison L (1994) The posterior cruciate retaining in total
knee surgery: save, sacrifice, substitute? Clin Orthop Relat Res 309:64-68

40. Misra AN, Hussain MRA, Fiddian NJ, Newton G (2003) The role of the
posterior cruciate ligament in total knee replacement. J Bone Joint Surg
Br 85:389-392

41. Parsley BS, Conditt MA, Bertolusso R, Noble PC (2006) Posterior cruciate
ligament substitution is not essential for excellent postoperative out-
comes in total knee arthroplasty. J Arthroplasty 21:127-131

42. Ritter MA, Davis KE, Meding JB, Farris A (2012) The role of the posterior
cruciate ligament in total knee replacement. Bone Joint Res 1:64-70

43. Sathappan SS, Wasserman B, Jaffe WL, Bong M, Walsh M, Di Cesare PE
(2006) Midterm results of primary total knee arthroplasty using a dished
poly- ethylene insert with a recessed or resected posterior cruciate liga-
ment. J Arthroplasty 21:1012-1016

44. Straw R, Kulkarni S, Attfield S, Wilton TJ (2003) Posterior cruciate ligament
at total knee replacement. Essential, beneficial or a hindrance? J Bone
Joint Surg Br 85:671-674

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.otsr.2017.05.018

	Higher rates of fully preserved posterior cruciate ligament in total knee arthroplasty using a double tibial cut: a prospective randomized controlled trial
	Abstract 
	Purpose 
	Materials and methods 
	Results 
	Conclusions 
	Level of evidence 

	Introduction
	Material and methods
	Patients
	Surgical treatment
	Clinical evaluation
	Radiographic evaluation
	Statistical analysis

	Results
	Clinical results
	Radiographic data
	Complications

	Discussion
	Conclusions
	Acknowledgements
	References


