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ABSTRACT
Background. Remnant preservation was developed as a routine procedure for posterior cruciate ligament (PCL)
reconstruction, but it is not easy. Objectives. Our study aimed to evaluate the outcomes of a minimum 5-years followup of remnant preservation PCL reconstruction. Methods. The study was a prospective cohort analysis of 44 patients
who underwent PCL reconstruction with remnant preservation and a minimum 5-years follow-up. Outcome parameters
included were modified Cincinnati score, Lysholm knee score, International Knee Documentation Committee (IKDC)
subjective score, degree of laxity (Posterior Drawer Test), single-leg hop test, and knee x-ray findings. Results. The
mean diameter of the hamstring autograft was 8 ± 2.04 mm. The mean of Lysholm knee scores increased from 65.15
± 10.48 to 86.94 ± 4.80. The IKDC subjective score increased from 62.55 ± 18.10 (range, 40–65) to 88.65 ± 3.44
(range, 65–100) points, and the Modified Cincinnati Score from 63.32 ± 13.65 to 86.24 ± 1.64. For Posterior Drawer
Test results after surgery, 37 patients (84%) had grade 1, 5 (11%) had grade 2, and 2 (4.5%) had grade 3 of laxity. For
the range of motion measurements, 39 (88.6%) patients had normal knee status, 3 (6.8%) presented with flexion deficit
>25o, and 1 (2.2%) had a 16o-25o deficit in flexion, and 1 (2.2%) had a 16o-25o deficit in extension. Eight cases had
the infection at the local incision site, which was resolved with conservative treatment. Conclusion. Remnant
preservation in PCL reconstruction with standard and posteromedial portal at a minimum 5-year assessment showed
satisfactory clinical, functional outcome, and radiological evaluation outcomes.

KEYWORDS: Posterior Cruciate Rupture, PCL Reconstruction, Preserving Remnant, Clinical Outcome
Score, Radiological Evaluation.

INTRODUCTION
The posterior cruciate ligament (PCL) is the
strongest ligament in the knee joint, which
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consists of the anterolateral (AL) and the
posteromedial (PM) bundles. Indications for PCL
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surgery may be a PCL rupture with failure of
nonoperative treatment, avulsion fracture of PCL,
multiple ligament ruptures, chronic rupture with
persistent knee instability, or pain. Various
techniques include fixation type, single or doublebundle, transtibial, and the tibial inlay or onlay
procedures. However, there is still no consensus
on which one of these techniques is the
recommended procedure for surgery. (1-7)
PCL rupture preserves insertion on the
femoral and tibial sides (4). During surgery, the
remnant PCL is usually removed to achieve clear
visualization of the insertion site. With clear
visualization of the posterior compartment, it is
easier to make an anatomical tibial tunnel. (1, 4,
8) Mechanoreceptors of the PCL are spread at the
surface ligament and bone attachments. This
neural network is essential in regulating muscle
contraction and maintaining the stability of the
lower leg. (4, 9) The PCL remnant increases graft
neovascularization. Thus, preserving the PCL
remnant may prove helpful in improving the
stability, healing, incorporation of the graft, and
restoration of proprioceptive ability (1-4, 10).
The purpose of our study was to analyze
clinical and radiological outcomes after PCL
reconstruction with remnant preservation using
the posteromedial portal with a minimum 5-year
follow-up. We hypothesized that our PCL
technique would result in good outcomes in
midterm follow-up.

MATERIALS AND METHODS
Participants. Forty-four patients underwent
single-bundle PCL reconstruction with remnant
preservation for an isolated PCL rupture between
January 2012 and December 2014 after obtaining
written informed consent. This cohort prospective
was approved by the local Regional Ethics
Committee (KE/FK/0520/EC/2018), and the
research was conducted at Soeradji Tirtonegoro
General Hospitals. The inclusion criteria for the
patients were PCL rupture without other ligament
rupture and failure of nonoperative treatment.
Those with other ligament rupture, meniscal
injury, chondral lesion, any deformity of the
lower limb, or associated fracture in the lower
extremity were excluded from the study. PCL
rupture was diagnosed through clinical
assessment (posterior sag sign, degree of laxity
with posterior drawer test), radiologic knee Telos
stress view, and magnetic resonance imaging
(MRI).

All subjects were informed about their knee
condition and treatment procedures. One
experienced surgeon did all the arthroscopic
procedures. Patients received comprehensive
clinical assessment and radiological examination
before their operation and at final follow-up.
Surgical Technique. One orthopedic surgeon
(SR) performed all arthroscopic procedures.
Patients were put in the supine position. A
tourniquet was placed in the proximal thigh, then
standard anterolateral, anteromedial, and
accessory portals were used. A routine
arthroscopy examination was done through
standard anteromedial and lateral portals, and a
hamstring autograft was used in all cases. The
PCL remnant fiber was preserved. For the femoral
tunnel creation, the guide wire was put 6-8 mm
from the joint surface at the 11 o’clock position
for the left knee and the 1 o’clock position for the
right knee. The wire was inserted through the
footprint of the medial femoral condyle and
exited through the skin. Afterward, reaming with
the XO Button drill (diameter 5 mm, ConMed;
USA) was done up until the medial side of the
femoral condyle was reached. It was followed by
drilling using a cannulated drill that was sized
according to graft diameter until 20-30 mm depth
was achieved.
A tibial tunnel was created using a
posteromedial portal to ensure PCL tibial
attachment site. A PCL guide was inserted
through the accessory portal at the center of the
PCL insertion on the tibial side. The tibial tunnel
was drilled in accordance with graft diameter.
Using it, the quadruple hamstring autograft was
pulled from the anteromedial tibia through the
femoral tunnel. Fixing the femoral side was done
using an XO button® (ConMed-Linvatec, USA).
Afterward, the graft was pulled out of the
anteromedial tibial portal and fixated on the
anteromedial side using a Bioabsorbable Screw®
(ConMed, USA) while the knee was in 90°
flexion and anterior drawer position.
Postoperative Rehabilitation. The affected
knee was braced in extension for 4 weeks. After 2
weeks, quadriceps strengthening was started.
After four weeks, range of motion exercises was
done until 90o flexion was achieved. It was then
increased gradually until full flexion was
achieved after 8 weeks. Partial weight-bearing
was permitted after 4 weeks, and full weightbearing was permitted after 8 weeks. Patients
were allowed return to normal daily activities
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after 5 months. After 6 months, noncontact sports
were allowed. Patients were assessed through a
hop test and were then permitted for competitive
sports after 12 months. The author and a senior
physiatrist
supervised
all
postoperative
rehabilitation.
Functional Outcome Evaluation. Examination
of the knee was performed preoperatively and in the
final follow-up within a minimum of 5 years.
Outcome parameters included were International
Knee Documentation Committee (IKDC) grade,
Lysholm score, Modified Cincinnati Score, degree
of knee range of motion, knee laxity (Posterior
Drawer Test), single leg hop test, and x-ray findings.
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Statistical Analysis. Wilcoxon signed-rank
test was used to analyze mean outcomes of IKDC,
Lysholm, and Modified Cincinnati scores with
P<0.001 was regarded as significant.

RESULTS
Forty-four patients (44 knees) with complete
follow-up documentation for a minimum of 5
years were included in the outcome analysis. The
mean age of the patients when the surgery was
performed was 27.30 ± 12.6 (16-56) years old.
The cause of PCL rupture was traffic accidents for
36 patients, sports for 5 patients, and other causes
for 3 patients. The injury site was noted in 35 right
and 9 left knees (Table 1).

Table 1. Patients Demographic
Variable
Age, year
Gender, M/F
Mechanism of Injury
Knee injury Site, R/L
Follow-up time (months)

Lysholm Score
Preoperative
Final Follow-up
IKDC Subjective score
Preoperative
Final Follow-up
Modified Cincinnati Score
Preoperative
Final Follow-up

Grade
I (0–5 mm)
II (6–10 mm)
III (11–15 mm)
IV (>15 mm)

Result
27.30 ± 12.6 (16 – 56)
Male: 26. Female:18
Traffic accident:36, sports injury:5, other causes :3
Right: 35, Left: 9
64 (60 – 74)
Table 2. Clinical Outcome Assessment
Mean
Mean difference
95% Confidence of Interval
-29.84 ± 11.47
(-34.57) – (-25.10)
65.15±10.48
86.94 ± 4.80
-35.10 ± 15.19
(-41.37) – (-28.83)
62.55±18.10
88.65 ± 3.44
-33.76 ± 13.67
(-39.40) – (-28.11)
63.32±13.65
86.24 ± 1.64
CI: Confidence Interval, Range of motion
Table 3 Posterior Drawer Test: Preoperative and Postoperative
Preoperative
Postoperative
1 year
2 years
0
39
38
0
4
5
35
1
1
8
0
0

Lysholm Score. There was a significant
difference between preoperative and final followup mean (65.15 ± 10.48 (range, 40–68) and 86.94
± 4.80 (range, 65–100) points, respectively), (P <
0.001) (Table 2).
IKDC Subjective Score. Preoperative and
final follow-up mean showed significant
increases (62.55 ± 18.10 (range, 40–65) and
88.65±3.44 (range, 65–100) points, respectively)
(P < 0.001) (Table 2).
Modified Cincinnati Score. There was a
significant difference between preoperative and
final follow-up mean (63.32 ± 13.65 (range. 50–
65) and 86.24 ± 1.64 (range, 60–100) points,
respectively), (P < 0.001)

p value
<0.001

<0.001

<0.001

Final Follow-up
37 (84%)
5 (11%)
2 (4,5%)
0 (0%)

(Table 2).
Thirty-nine (88.6%) patients had normal knee
range of motion at the final assessment. Three
(6.8%) patients had a flexion deficit of more than
25o, one (2.2%) patient had a 16o - 25o deficit in
flexion, and one (2.2%) patient had a 16o-25o
deficit in extension.
Ligament Laxity. The posterior drawer test
was used to assess posterior knee translation.
Posterior drawer test at final follow-up showed
that 37 patients (84%) had grade 1, 5 patients
(11%) had grade 2, and 2 (4,5%) patients had
grade 3 (Table 3).
Knee Antero-Posterior Standing and
Lateral X-ray Examination. Forty-one (93%)
3
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patients had normal knee x-ray findings. Three
(6.8%) patients had a mild grade of osteoarthritis,
and 1 (2.2%) had moderate grade osteoarthritis.
Patellofemoral Crepitus. Patellofemoral pain
and crepitus were present in 12 (27%) patients.
Single-Leg Hop Test. Twenty-five (56.8%)
patients reached a distance of 90% or more on the
injured leg compared to the standard leg. Fourteen
(31.8%) patients reached a distance of 76 – 89%
on the injured leg, and six (13.6%) patients
achieved less than 70%.
Thigh Muscle Atrophy. Thirty-four (77.2%)
patients had less than 10 mm difference in thigh
circumference compared to normal limbs, while
10 patients (22.7%) had a difference of more than
10 mm.
Donor Site Morbidity. Eight (18%) patients
presented with a stitch abscess, and 5 of these 8
underwent debridement.
Complications and Hardware Removal.
Eight (18%) patients complained of numbness
around the anterior part of the proximal tibia. Five
(11.3%) patients underwent implant removal
because of infection or tenderness.

DISCUSSION
The incidence rate of PCL rupture is still not
established. Various studies have shown different
results ranging from 3% to 37%. (10, 11)
Management of PCL rupture is challenging
because there is no consensus on which one is the
best technique for surgery.
PCL reconstruction aims to restore the normal
knee kinematics to improve joint function and to
gain nearly normal objective restrain posterior tibial
translation post-operatively. Many techniques have
been published for PCL reconstruction, including
single or double-bundle techniques, autograft or
allograft using tunnel position or fixation type, and
either preserving or non-preserving remnant. (12)
Our study showed that PCL reconstruction
preserving remnants using standard and the
posteromedial portal could significantly improve
clinical and radiological outcomes.
Remnant preservation is essential because
remnants could retain a well-vascularized synovial
sheet and mechanoreceptors. Some animal studies
have shown that remnants could accelerate synovial
coverage and revascularization while enhancing the
biomechanical aspects of grafts (13).
There are many techniques to visualize the
posterior region of the knee joint without
sacrificing the PCL remnant. These techniques
include creating a posteromedial or posterolateral

tunnel, using the transseptal technique, or using
additional equipment such as the 70-degree
arthroscope. Arthroscopic surgery with the
anterior portal procedure, wherein the arthroscope
is inserted into the posterior part of the knee joint
across the intercondylar notch, will give good
visualization of the posterior compartment.
However, some studies reported that for 34% of
the cases, it could be challenging to visualize the
posterior compartment using the anterior portal
only. It may be due to several factors, including
intercondylar notch mechanical narrowing,
surgeon inexperience, and degenerative joint
disease cases. (5, 6, 14-17)
In our study, we used only the posteromedial
portal to visualize the knee joint’s posterior part
clearly while preserving PCL fibers. This
technique was more uncomplicated and required
a shorter time for surgery because there was no
need for creating a posterolateral portal, and no
additional equipment was needed. With clear
visualization of the posterior compartment, we
can make an anatomical tibial tunnel while
preserving the PCL remnant.
The technique of preserving the PCL remnant
was explicitly developed for PCL reconstruction.
Some studies have recently described achieving
anatomical tunnel position while preserving the PCL
remnant. (14, 17) Jae Ang Sim et al. compared the
clinical evaluation between posteromedial and
posterior transseptal portal techniques for anatomical
tibial tunnel creation with remnant preservation.
Their results showed no significant differences in the
clinical results for both groups. (18)
Our study evaluated the clinical outcomes
using IKDC subjective knee score, Lysholm knee
score, and Modified Cincinnati Score
preoperatively and 5 years postoperative. We also
assessed knee range of motion measurements,
single-leg hop test, ligament laxity, thigh atrophy,
and knee x-ray findings at the final examination.
IKDC subjective knee score is a selfassessment of the function of the knee and the
level of knee activity. Our study found a
significant improvement in IKDC score after the
final follow-up. Lysholm’s score also increased
significantly at the final follow-up. The mean
Modified Cincinnati score was increased
significantly from 63.32 preoperative to 86.24 at
final follow-up. This score is based on the
intensity of pain, swelling, and overall activity
levels such as walking, running, going up and
down stairs, and jumping.
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For ligament laxity, 37 patients (84%) revealed
grade I (0-5 mm) Posterior Drawer Test at final
follow-up. Two patients (4.5%) still had grade III
results in the PosteriorDrawer Test. Overall, there
was a significant improvement in the posterior
drawer test when using this technique.
Limitation in range of motion post-op may be a
problem when performing PCL reconstruction. It
may be because of the extended knee
immobilization after surgery. There were 5 patients
(11.3%) unable to recover to the normal full range
of motion. Four could not achieve complete flexion,
while one patient had an extension deficit. Laxity or
limitation in knee range of motion is still a problem
after the PCL reconstruction, with various operating
techniques (18). A previous study stated that there
was a loss of extension and a flexion deficit after
PCL reconstruction (9.15% and 28.9%,
respectively), and knee laxity was still observed at
the final examination based on the results of the
posterior drawer test, KT 1000/ 2000 test, and Telos
radiographs (64.8%, 42.8%, and 47.9%,
respectively) (18).
There are several limitations to our study.
First, there was no comparison group. Secondly,
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this study only considered midterm evaluation.
Further long-term studies are still needed to
evaluate this technique and confirm our results.
Thirdly, this study did not evaluate the
proprioceptive activity and healing of the graft,
which are the most commonly considered factors
for using the remnant preservation technique.
However, our study minimized bias by having all
arthroscopic procedures done by a single surgeon.

CONCLUSION
PCL reconstruction using standard anterior
and posteromedial portals with remnant
preservation can achieve significant functional
improvement at a minimum of 5 years of followup in patients with an isolated PCL rupture.

APPLICABLE REMARKS

• The
study
recommends
that
PCL
reconstruction using standard anterior and
posteromedial portals is enough without the
need for additional posterolateral portals.
• The study showed that PCL reconstruction
with remnant preservation would increase
significant functional outcomes.
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