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a  b  s  t  r  a  c  t

Introduction:  Posterior  cruciate  ligament  (PCL)  reconstruction  using  the  remnant  preserving  technique
may  contribute  to improved  postoperative  posterior  stability,  graft healing,  and  proprioception  recovery.
Although  there  have  been  several  reports  on remnant  preserving  PCL  reconstruction,  no  study  has  yet
evaluated  the  proprioceptive  functions  before  and after  PCL  reconstruction  with  remnant  preservation.
The  purpose  of this  study  is to  retrospectively  evaluate  the clinical  outcomes  and  proprioceptive  function
after  isolated  single-bundle  PCL  reconstruction  with  remnant  preservation  for  chronic  PCL  injuries.
Hypothesis:  Isolated  single-bundle  PCL  reconstruction  with  remnant  preservation  surgery  for  chronic  PCL
injuries  provides  satisfactory  clinical  outcomes  and  good  recovery  of  the  proprioceptive  function.
Methods:  Nineteen  patients  who  had  undergone  isolated  single-bundle  PCL  reconstruction  with  remnant
preservation  for chronic  PCL  injuries  were  followed  up for  more  than  2 years.  The  posterior  laxity  was
measured  by  the  gravity  sag  view, stress  radiography  and the KT-2000  knee  arthrometer.  The  proprio-
ceptive  function  was  defined  as the  threshold  to detect  passive  motion  (TTDPM).
Results: The  average  Lysholm  score  significantly  improved  from  63.7  ±  13.2  preoperatively  to  94.4  ± 4.6
at final  follow-up.  The  postoperative  posterior  laxity  significantly  improved.  Regarding  TTDPM,  there
were  no  significant  differences  between  the  preoperative  score  and the  score  at  every  given time  point,
regardless  of  the  starting  angles  and  the  moving  directions  of the  knees.
Conclusions:  The  proprioceptive  function,  defined  as  TTDPM,  is  maintained  after  single-bundle  PCL
reconstruction  with  remnant  preservation,  and  the  postoperative  clinical  scores  and  posterior  laxity
significantly  improve.
Level of evidence:  Level  IV, therapeutic  case  series.

©  2014  Elsevier  Masson  SAS.  All  rights  reserved.

1. Introduction

Reconstruction of the isolated posterior cruciate ligament (PCL)
is recommended for patients with severe instability or disabil-
ity due to PCL insufficiency. Thanks to recent innovations of
arthroscopic surgical instruments and improved anatomical and
biomechanical understandings of PCL [1], PCL reconstruction has
gained in popularity. There are several types of PCL reconstruction,
such as “single-bundle” [2], “double-bundle” [3], “transtibial” [4],
or “tibial in-lay” [5] procedures.

The torn PCL usually demonstrates thick and abundant remnant
fibers of both the PCL and the meniscofemoral ligament. During PCL
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reconstruction surgery, the remnant fibers are generally removed
to obtain full visualization of the original ligament attachment site.
However, PCL has been shown to include neural elements that may
have beneficial effects on proprioceptive function [6]. In addition,
the PCL remnants may provide some biomechanical stability to
the knee [7]. Since the PCL remnants are likely to provide more
rapid vascularization to the grafted tendon, PCL reconstruction with
the remnant preserving technique may  contribute to postoperative
posterior stability, healing of the graft, and recovery of propriocep-
tion. No previous study has evaluated the proprioceptive functions
before and after PCL reconstruction with remnant preservation
[8–11]. The purpose of this study was to retrospectively evaluate
the clinical outcomes and proprioceptive function after isolated
single-bundle PCL reconstruction with remnant preservation for
chronic PCL injuries. We  hypothesized that isolated single-bundle
PCL reconstruction with remnant preservation surgery for chronic
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Fig. 1. A. Lateral view of a right medial femoral condyle reconstructed from CT image. Femoral bone tunnel is indicated by red arrow. B. Arthroscopic finding of a femoral
attachment of PCL. The target point of femoral bone tunnel is the distal portion of the femoral attachment of the anterolateral bundle (ALB) which comes into contact with
the  anterior articular margin of the medial femoral condyle. C. Posterior view of a right knee reconstructed from CT image. Tibial bone tunnel is indicated by red arrow. D.
Lateral  radiograph of a right knee after operation. Tibial bone tunnel is indicated by dotted line.

PCL injuries provides sufficient clinical outcomes and good recov-
ery of the proprioceptive function.

2. Methods

The study was reviewed and approved by the ethics committee
of Hiroshima University. Written and signed informed consent was
obtained from all patients.

PCL reconstruction at our institute was recommended for
patients who, despite conservative treatment for at least 3 months,
had severe posterior laxity of more than 8 mm of side-to-side differ-
ence in posterior displacement, as measured by a posterior stress
radiograph. Fifty-three patients who underwent PCL reconstruc-
tion with remnant preservation using autogenous semitendinosus
and gracilis tendons, performed between June 2004 and June 2010,
were retrospectively enrolled in this study. Of these, 31 were
excluded due to the fact that they met  one of the following exclu-
sion criteria:

• concomitant ACL injury (15 knees);
• other concomitant ligament injury (MCL 6 knees, LCL 7 knees);
• no sufficient PCL remnant (2 knees);
• severe associated fracture in the lower extremity (1 knee).

In addition, three patients were lost to follow-up, which left
19 patients who met  the inclusion criteria and could be followed
up for a minimum of 24 months. They consisted of 16 males and
3 females with a mean age of 27.9 (17–59) years at the time of

surgery. The average period from the initial injury to surgery was
20.1 (5–72) months. The average postoperative follow-up period
was 27.1 (24–57) months. Causes of PCL injury were traffic acci-
dents in 12 patients, sports-related injuries in 6 patients, and a falls
in 1 patient. All procedures were performed by a senior specialist.
The graft type (semitendinosus and gracilis tendon), methods of tib-
ial and femoral fixation, and postoperative rehabilitation protocols
were identical for each patient.

2.1. PCL augmentation procedure

Semitendinosus and gracilis tendons were harvested using an
open-tendon stripper. These tendons formed a graft more than
8 mm in diameter and more than 75 mm in length by folding
them in thirds or quarters. The proximal ends of the multi-
stranded hamstring tendons were connected to an appropriately
sized EndoButton CL loop (Acufex, Smith & Nephew, Mansfield,
Massachusetts, US). The distal ends were mechanically connected
to EndoButton Tape by suturing them several times to lengthen the
graft.

Two portals (anterolateral portal and anteromedial portal) were
created and an arthroscopic intra-articular examination was per-
formed with a 30◦ oblique arthroscope. The posteromedial portal
was created using a guide system [12].

A femoral bone tunnel was created in the inside-out fashion.
Synovial and fat-like tissue on the femoral attachment of the PCL
remnant was removed carefully to expose the fibers of the PCL
bundles, which were preserved as much as possible. A headed
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