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Double Bundle versus Single Bundle Reconstruction in the Treatment of
Posterior Cruciate Ligament Injury: A Prospective Comparative Study

Abstract

Background: The debate continues regarding the best way to reconstruct posterior cruciate ligament
(PCL). The objective of this study was to compare the knee stability and clinical outcomes after
single and double bundle (SB and DB) PCL reconstruction. Materials and Methods: A total of
98 patients with PCL injury were enrolled for PCL reconstruction with four-strand semitendinosus
and gracilis tendon autograft in the SB technique (n = 65) or two-strand Achilles allograft in the DB
technique (n = 33). Each bundle fixation was achieved by the means of femoral Endo Button CL and
tibial bioabsorbable interference screw. Demographic data, knee stability, and clinical outcomes were
collected for analysis. Results: The SB and DB groups showed comparable demographic data. After
a minimum followup interval of 24 months, the data of 59 patients in the SB group and 30 patients
in the DB group were analyzed. There was no statistical difference between the SB and DB group in
terms of both knee stability and clinical outcomes (P > 0.05). Conclusions: Compared with the SB
technique, the DB technique did not exhibit any superiority in knee stability or clinical outcomes.
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Introduction

Posterior cruciate ligament (PCL) is the
primary restraint for posterior translation
in uninjured knees.! The injury of the PCL
has recently become an intriguing topic
of discussion.>* The complex anatomy of
the PCL has initially been identified as
consisting of two bundles based on the
ligament function in flexion and extension.*
The anterolateral (AL) bundle is the main
part of the PCL, which accounts for at least
2/3 of the entire cross-sectional area.*® It
is the primary restraint for maintaining the
posterior stability of tibia at 0°-120° of
flexion, while the posteromedial (PM) bundle
maintains the posterior stability of tibia at
hyperextension and flexion over 120°.467

Hence, an intense interest has been
provoked with respect to the methods of
reconstruction. Initial PCL reconstructions
aimed at reconstructing the AL bundle
of the PCL, with the objective to restore
most of the PCL functions. However, early
reports of these reconstructions concerned
about persistent posterior laxity, particularly
in extension and over-flexion.®® To simulate
the intact knee posterior tibial translation
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across the full range of motion, double
bundle (DB) reconstruction was presented.®
Subsequent studies made comparisons
between the single bundle (SB) and
DB reconstruction. However, due to the
heterogeneity of the studies, contradictory
conclusions had been drawn. For instance,
different grafts have been employed
in  previous randomized  controlled
trials (RCTs). Nine RCTs has been found
in PubMed, in which, one used tibialis
anterior allografts;'" three used hamstring
tendon autografts;'*'* four used Achilles
tendon allografts;'>!'® and one used Achilles
tendon—bone allografts for SB and posterior
tibialis tendon allograft for DB.!” Some
scholars preferred the DB reconstruction as
it is conducive to rotational and posterior
stability.!!>2° While others questioned its
superiority arguing that even though it does
exist, it would not be clinically significant."”?

Therefore, the purpose of this study was to
compare the knee stability and short-term
clinical outcomes after the SB and DB
PCL reconstruction. It is hypothesized that
the DB PCL reconstruction is superior in
restoring the knee stability and able to
provide better short-term clinical outcomes
than the SB reconstruction.
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Materials and Methods

This prospective comparative study was designed to identify
the differences in functions, stability, and the knee muscle
strength recovery of PCL reconstruction between the SB
and DB technique. The study was carried out at Qingdao
University. It has been approved by the institutional review
board and the ethics committee of Qingdao University.
Meanwhile, all patients had signed the letter of consent
regarding which graft to be used for preoperation.

From January 2004 to September 2012, a total of
130 patients with PCL injury were enrolled for PCL
reconstruction with four-strand semitendinosus and gracilis
tendon autograft in the SB technique or two-strand Achilles
allograft in the DB technique. The diagnosis of PCL injury
was based on the latest diagnosis standard of PCL injury.?!
The inclusion criteria were as follows: (1) no history of
surgeries on bilateral knees; (2) closed physes on MRI;
and (3) no or minimal degenerative osteochondral changes
on radiographic examination (Stage 0 or 1 in the Kellgren
and Lawrence staging system??). Patients with concomitant
injuries, including multiple-ligament injuries, fracture,
posterolateral corner injuries or massive cartilage injuries
requiring operative treatments (such as microfracture and
autologous chondrocyte implantation in the ipsilateral
knee), were excluded from the present study. Patients
with ligament injuries in the contralateral knee were also
excluded from the study. Patients who met the standard of
diagnosis, inclusion criteria and exclusion criteria would be
allocated to SB or DB group. Assignment to the SB or DB
group was not randomized, but up to the patients’ choice of
grafts in view of the following concerns: cost variance of
the two techniques, religious factors, rejecting allograft, etc.

Operative procedure

All arthroscopic procedures were performed by the same
surgeon (XT). Under spinal anesthesia, routine diagnostic
arthroscopy was performed before PCL reconstruction, and
associated injuries, including small chondral lesion and
meniscus tear, if any, were treated first. Small chondral
lesion was treated with debridement, and meniscus tear was
treated with partial meniscectomy or meniscal suture.

Single bundle group

The semitendinosus and gracilis tendons were harvested
through an anteromedial longitudinal incision [Figure la].
The grafts were doubled, and the graft loop ends were
connected to the EndoButton CL® with 20-mm loops, and
the free ends were prepared with whip stitches.

The tibial tunnel was prepared under arthroscopic
visualization through the posterior transseptal portal.
For tibial tunnel, the tibia guide pin exited posteriorly at
approximately 1.5 cm below the articular surface of the
medial tibial plateau slightly lateral to the midline at the
PCL insertion site. The tip of the guide pin was carefully
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Figure 1: Single bundle posterior cruciate ligament reconstruction using
semitendinosus and gracilis tendon autograft. (a) Semitendinosus and
gracilis tendon harvest. (b) View of the femoral tunnel

protected with a curved curette to prevent injury of the
neurovascular structures while being exited posteriorly. The
tibial tunnel was then created with a graft-size matched
core-reamer.

The femoral guide was introduced through the AL portal.
To create the femoral tunnel, a 2.5 mm K-wire was passed
through the additional AL approach with the knee flexed
to 100° and then placed at the orientation of 1:30 (right
knee) or 10:30 (left knee) position, which corresponds
to 8 mm posterior to the anteromedial articular margins
of the medial femoral condyle. This location was close
to the insertion site of the AL bundle of the normal
PCL [Figure 1b]. The guide wire was driven through the
femur and exited on the medial epicondyle of the femur.
Then, it was over-drilled carefully with a 4.5 mm diameter
cannulate reamer in order not to damage the remnant PCL
stump. Subsequently, a 25-30 mm deep femoral tunnel
was created with a graft-size matched reamer. The graft
was delivered through the tibial tunnel into the knee joint
and the femoral tunnel. The distal end of the graft was
pulled tightly inside the tibial tunnel. The knee was then
cycled for approximately 20 times through a full range of
motion, and a manual tension was applied with an anterior
Drawer Test position during the tibial fixation. The graft
was secured with a 30 mm long bioabsorbable intrafix
screw (Smith and Nephew®; Andover, MA) of the graft
diameter.

Double bundle group

Deep-frozen human Achilles allograft was used in the
DB group. The bony portion was made in the cylindrical,
10 mm in diameter and 25 mm in length. The tendinous
portion was split into two bundles and fashioned to be
6 mm in diameter each [Figure 2a]. The hook of the PCL
tibial drill guide was introduced through the anteromedial
portal and advanced to the only distal, lateral portion of the
PCL tibial attachment.

The tibial tunnel was prepared in a similar way as in the
SB group, with a diameter of 10 mm.

The anatomic insertions of the AL and PM bundles were
located on the medial wall of the intercondylar notch.
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Figure 2: Double bundle posterior cruciate ligament reconstruction
using Achilles allograft. (a) Achilles allograft preparation. (b) The femoral
tunnels were drilled. And guide wire were placed in the position of the
anterolateral and posteromedial bundle of the posterior cruciate ligament.
(c) Arthroscopic image after reconstruction of the posterior cruciate
ligament using the anterolateral and posteromedial band

This location was identified and remnant preserved for the
two femoral tunnels. The AL femoral tunnel was prepared
at the 10:30-11:00 (left knee) or 1:00-1:30 (right knee)
clock-face position, which was located at 13 mm posterior
to the anteromedial articular margins of the medial femoral
condyle and 13 mm distal to the top of the intercondylar
notch. The PM femoral tunnel was determined as follows:
8 mm posterior to the anteromedial articular margins of
the medial femoral condyle and 20 mm distal to the top of
the intercondylar notch with 100° knee flexion and at the
8:30-9:00 (left knee) or 3:00-3:30 (right knee) clock-face
position.”*** The two femoral tunnels were created with a
6 mm reamer [Figure 2b] To establish a femoral fixation,
the grafts for the PM and AL were then passed through
each bone tunnel and the EndoButton loop was flipped
over the anteromedial femoral cortical surface. The knee
was then cycled for approximately 20 times through a full
range of motion. The distance between the two tunnels
should be at least 4 mm to avoid tunnel bridge collapse.
A bioabsorbable intrafix screw (Smith and Nephew) was
used for tibial fixation. The graft was tightened and fixed
at 70° of knee flexion with an anteriorly directed load to
restore normal tibial step-off [Figure 2c].

Postoperative rehabilitation

The two groups were provided the same rehabilitation
protocol supervised by a physical therapist. The protocol
was fine-tuned according to the purposes of regaining
strength, endurance, agility, balance training, and muscular
strength exercises.
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Phase I (0-6 weeks postoperative): in the first 2 weeks
postoperatively (postoperative), patients were installed
with a long leg brace with toe-touch weight bearing, after
which weight bearing was gradually increased to 75% of
the body weight at the 4™ week postoperative. Full weight
bearing was permitted at the 6™ week postoperative. With
the assistance of the pad behind tibial plateau, the range
of motion exercise during therapy was limited to 90° for
the first 4 weeks, and then gradually increased to 120°
for the next 2 weeks. During this phase, patients were
required to walk with the brace locked at the 0° extension
position.

Phase II (7-10 weeks postoperative): full knee flexion
exercise was to be achieved at the end of this phase. The
long leg brace was locked at the 65° flexion at the 7" week
and increased to 120° for the next 3 weeks.

Phase II (11 weeks-): The brace was completely
dismounted at 3" month postoperative, and at the same
time, jogging was allowed. High impact strengthening
activities were permitted 1 year after operation.

Followup and outcome evaluation

The patients were required to record pain intensity
on a visual analog scale (VAS)* at a consistent time
in the evening for the first 2 weeks postoperative.
Differences in the mid-patellar knee circumference
between the affected and unaffected extremities were
measured to evaluate the swollen degree of the knee;
difference >1 c¢cm was considered clinically significant.
Thereafter, the pain and swelling statuses were no
longer documented because most of the patients were
discharged from the hospital.

Followup evaluation index: patients were reexamined
at the clinic 6 weeks, 10 weeks, 6 months, 1 year, and
2 years postoperative, respectively, and once a year
thereafter. The primary outcome measures concentrated
on knee stability, including subjective posterior
stability (reverse-Lachman test, posterior drawer test),
objective posterior stability: tibial posteriorization at
30° and 90° flexion (evaluated by KNEEELAX3®
arthrometer), posterolateral rotatory instability (dial test
with the knee at 30° of flexion), and single-legged hop
test. The secondary outcome was the indices related to
clinical outcomes (range of motion, thigh girth difference
between the operative knee and healthy knee, Larson
score,’® Lysholm score?’). Adverse events were also
monitored and documented [Table 1].

Demographic data, including gender, age, body mass index,
the cause of injury, associated injury, the interval between
injury and operation, were extracted from the medical
records. The in-patient evaluation index and followup
evaluation index were determined using two observers
separately (one orthopedic surgeon and one physical
therapist).
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Statistical analysis

Statistical analysis was performed using the SPSS statistical
software package, version 20.0 (IBM Corp., Armonk,
New York, USA). Chi-square was employed to compare
the demographic data between the two groups, and the
incidence of complication and revision in the SB and DB
groups. The independent f-test was applied to compare
the two groups in terms of stability indices and clinical
outcomes. P < 0.05 was considered statistically significant.

Results

With a minimum interval of 24 months (mean 28 months),
59 patients in the SB group and 30 patients in the DB
patients continued to be followed up for analysis [Figure 3].
There was no difference between the two groups in terms
of demographic data [Table 1]. The complications were
caused by two superficial infections, one posterior cortical
disruption of femoral tunnel in SB group (3.4%), one tunnel
communication of femoral tunnel in the DB group (3.3%),
and 31 injuries of the infrapatellar branch of the saphenous
nerve in the SB group. According to the Pearson Chi-square
test, there was no statistically significant difference between
the SB and DB PCL reconstruction (P = 0.706).

Two superficial infections in SB group were treated with
antibiotics and routine dressing change. Only one PCL
revision was performed before the last followup. The
posterior cortical disruption of the femoral tunnel in the SB
group contributed to the PCL graft healing failure, which in
turn led to laxity of PCL grafts. However, the present study
has not been able to detect any statistical difference in graft
failure rate between the two techniques (P = 0.473).

In-patient evaluation

Four of 65 patients in the SB group and five of 33 in the DB
group still suffered from pain (VAS score >3) by the time
of discharge. However, no statistically significant difference

Patients underwent PCL reconstruction (n=130) |

Excluded (n=32)
26 patients combined
»| multiple-ligament injuries. 5

patients combined fracture.
Grouping (n=98)

1 patient was to revise his

posterior cruciate ligament.
Single bundle reconstruction Double bundle reconstruction
(n=65) (n=33)

l !

| Lost to follow-up  (n=6) |
Graft failure (n=1)

Analyzed (n=59)
Analyzed (n=30)

Figure 3: The flow diagram of the study. PCL = Posterior cruciate ligament

Lost to follow-up  (n=2)
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was observed between the two groups (P = 0.225). The
VAS scores of these patients were collected and analyzed,
but no statistical difference was detected between the two
groups (P = 1.000).

In the 2™ week postoperative, five of 65 patients in the
SB group still had joint swelling. There was no statistical
difference between them and patients in the DB group
(5 of 33) (P = 0.238) Table 2.

Followup evaluation

At the last followup, two of 60 in the SB group and one
of 30 in the DB group received closed-to-normal results
in the reverse-Lachman test (P = 1.000). Meanwhile, one
patient in the SB group received closed-to-normal results
in the posterior drawer test and Dial test, while the results
of all patients in the DB group were negative (P = 0.477).
Such results neither favored the SB nor the DB technique.
Similarly, other evaluation indices, including a range of

Table 1: Demographic data and clinical scores of
patients of the single bundle posterior cruciate ligament
reconstruction group and double bundle posterior
cruciate ligament reconstruction group

Parameters SB DB P
Number of patients 65 33
Male: female 42:18 22:8 0.742
Average age (year) 33.6£9.5 31.5¢7.6 0.273
Height (cm) 177.0£13.6  182.2+16.1 0.096
Weight (kg) 81.3+6.4 83.6+7.6 0.118
Causes of injuries
Car accident 33 19 0.532
Sports injury 27 11 0.431
Associated injuries
Meniscal tear 10 6 0.723
Partial meniscectomy 6 4
Meniscal suture* 4 2 0.066
Cartilage injury® 11 5 0.823
Interval between injury 4.5+1.9 5.0+£2.1 0.238

and operation (month)

Preoperative data show no statistically-significant difference between
the two groups. *Fisher’s exact test was employed because cells have
expected count <5, fCartilage injury of Grade 1 or 2 by International
Cartilage Repair Society Grading System. SB=Single bundle,
DB=Double bundle

Table 2: Symptoms assessments in the 2" week

postoperation
Parameters SB (n=65) DB (n=33)
Pain (%) 4 (6.15) 5(15.15)
VAS score* 3 (1-5) 3(1-5)
Swelling (%) 5(7.69) 5(15.15)

*VAS was used to measure the intensity of knee pain ranging from 0
to 10, with 0 for no pain and 10 for most severe pain, only the patients
who suffered from pain (4 in 65 of the SB and 5 in 33 of the DB)
were enrolled in the VAS score assessment. VAS=Visual analog scale,
SB=Single bundle, DB=Double bundle
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motion, thigh girth difference, single-legged hop test,
tibial posteriorization at 30° and 90° flexion, Larson score
and Lysholm score, did not suggest statistical differences
between the SB and DB group as well [Table 3].

Discussion

In this study, knee stability and clinical outcomes were
compared after SB and DB reconstruction for PCL
deficient knees. The results and clinical outcomes showed
that DB PCL reconstruction with an allograft was not
a superior technique in restoring the posterior tibial
translation in comparison with the SB reconstruction
with an autograft. The data obtained from this study
was comparable to previous studies in terms of clinical
outcomes.'>1*1¢19 Nevertheless, the conclusion of early
reports on issues of knee stability were inconsistent.
Kim,!¢ Xu,' Li!! reported that the DB PCL reconstruction
provided more satisfying stability than the SB technique.
However, there are concerns about the clinical significance
of its superiority.'®

The following factors might contribute to the results of this
study:

First, the anatomy foundation of PCL splitting was not
robust. PCL is more accurately defined as a continuum of
fibers that rotate during the knee flexion and extension.
With certain posterior loading, the particular bundle of
PCL showed a different pattern of tension and relaxation
cycle. In addition to quartering?® and trichotomy,” a variety
of patterns of splitting have been developed. Based on the
function in flexion and extension, most scholars regarded
PCL as a two-division ligament (AL bundle and PM
bundle). However, previous studies showed that PCL was
divided at different flexion angles, leading to a nonuniform
division standard.

Second, the AL bundle has a significantly greater linear
stiffness and ultimate load than the PM bundle.*® Race
claimed that the AL bundle was six times as strong as the
PM bundle.” The AL bundle is primarily responsible for the

stabilizing effect of the PCL. Thus, at the theoretical level,
reconstruction of the AL bundle is sufficient to restore the
PCL biomechanics.

Third, the present study is concerned about the
reconstruction of PCL in its anatomic insertion, rather than
isometric reconstruction. Although substitutes for PCL and
PCL itself were morphologically different, the function
of PCL fibers is determined primarily by the femoral
attachment site.*! By drilling the tunnel at the center of
its anatomical insertion, the original tension— relaxation
pattern had been simulated to the best extent in this study.

Fourth, the indices used to evaluate stability were
practised at the flexed position, while the AL bundle is
responsible for the knee stability at flexion. As respect to
clinical outcomes, since the conservative treatment has
provided tolerate clinical and biomechanical results, PCL
reconstruction theoretically will generate better outcomes.

The present study is subject to several limitations. First, the
relatively small sample size of this hypothesis-generating
study was underpowered to indicate statistical differences
between the two groups. The power analysis (results not
shown) showed that the smallest study population in each
group should be 158 to achieve >90% of statistical power.
However, due to the low incidence of PCL injury, this
problem is universal in PCL studies.""">!7! Second, different
grafts were used to reconstruct PCL (semitendinosus and
gracilis tendons for SB group and deep-frozen human
Achilles allograft for DB group). The DB reconstruction
technique requires grafts to be >12 mm in diameter; yet
unilateral autologous hamstring tendon does not meet such
requirement. The impact imposed by different tendon grafts
is unclear. Third, patient assignment to the SB or DB group
was not randomized, but subject to other factors such as
the financial cost of the two techniques. This may be a
significant bias factor. Fourth, in view of the uniqueness
of the incision of hamstring tendon harvesting, neither
the patients nor observers were blinded at the followup
evaluation.

Table 3: Postoperation outcomes of the single bundle and double bundle posterior cruciate ligament reconstructions at

the last followup
Parameters Preoperation 2 years postoperation P value of SB versus DB
SB (n=65) DB (n=33) SB (n=60) DB (n=30)  Preoperation 2 years postoperation

Range of motion* (°) 0-(133+9.2)  0-(130£8.9)  0-(136+9.1)  0-(134+8.3) 0.126 0.315
Thigh girth difference (mm) 6.3+£3.8 7.9+4.7 0.093
Single-legged hop test (cm) 90.2+16.9 87.6+£18.3 0.505
Tibial posteriorization at 30° 13.22+2.76 13.16+2.88 2.25+0.26 2.24+0.25 0.920 0.862
flexion” (mm)

Tibial posteriorization at 90° 13.98+2.99 13.89+3.02 2.28+0.29 2.26+0.25 0.889 0.748
flexion™ (mm)

Larson score 49.54+4.38  48.76£3.98  92.76+5.48  91.62+4.86 0.393 0.337
Lysholm score 41.63+3.45  43.78+4.66  90.63+5.78  89.76+4.87 0.011 0.481

*Range of motion was evaluated by IsoMed 2000® isokinetic dynamometer, "Posterior translation at different flexion angles was evaluated
by KNEEE LAX3® arthrometer.SB=Single bundle, DB=Double bundle
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Conclusions

SB and DB PCL reconstruction showed comparable results
in stability and clinical outcomes. The differences between
these two techniques, if any, can be clarified only by larger
sample size. Further multicentric randomized controlled
studies are required.
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