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Summary
Background: there is need to ascertain clinical
and imaging outcomes after posterior cruciate ligament (PCL) augmentation.
Methods: we performed a retrospective analysis
of clinical, imaging and functional data on 21
physically active males who underwent arthroscopic trans-tibial augmentation of the PCL for
symptomatic grade III PCL insufficiency. The average follow-up time was 50 months (24-60
months). The Lysholm knee score was administered to all the patients, ligament laxity was evaluated with the posterior drawer test, the KT-1000
arthrometer, and the anteromedial tibial step-off.
Standing antero-posterior, lateral and Merchant’s
view radiographs were taken preoperatively and
at annual follow-up.
Results: post-operatively, ligament laxity and
Lysholm knee scores were significantly improved
than at baseline. Sixteen patients (73%) returned
to pre-injury sport activity level, 3 patients (14%)
returned to a lower level, 2 had to stop. We found
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radiographic degenerative changes in 5 of 22 affected knees (23%), with evidence of a statistically
significant association between the occurrence of
degenerative changes and the interval time from
injury to surgery and duration of the follow up.
Conclusions: arthroscopic transtibial single bundle autograft hamstring augmentation significantly improves the function of the knee, with an overall satisfactory outcome of 82% at 2-5 years from
surgery.
KEY WORDS: PCL, arthroscopic augmentation, clinical outcomes, imaging.

Introduction
Management of isolated grade III injuries of the posterior cruciate ligament (PCL) is controversial. Historically, conservative measures have provided good results in most patient1-3, however the increasing understanding of the natural history of PCL insufficiency
has induced many surgeons to recommend reconstruction or augmentation to prevent decline of the
knee function in the short term, and the development
of osteoarthritis of the patello-femoral joint and the
medial compartment in the long term4, secondary to
the damage to cartilage and meniscal tears5-9.
Surgical reconstruction is usually recommended in
symptomatic patients with grade III PCL tears who
complain of pain and instability, and in those with
multiple ligament injuries. In this decision making
process, some concerns regard the optimal time for
surgery. We hypothesized that a longer delay from injury to surgery negatively affects outcome.

Materials and methods
This is a retrospective analysis of clinical, imaging
and functional data on 21 physically active males who
underwent arthroscopic augmentation of the PCL for
symptomatic grade III PCL insufficiency. The patients
underwent surgery at an average age of 28 years (19
to 52), after an average period of 5.6 months from the
traumatic episode (range 1 to 25 months). Inclusion
criteria were grade III insufficiency of the PCL. Patients with systemic diseases, neuromuscular disorders, obesity, marked anatomic deformities, and previous surgery on the index knee were excluded from
this study. We also excluded patients with PCL avulMuscles, Ligaments and Tendons Journal 2016;6 (1):58-63
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sion fractures and multiple ligament injuries. The left
knee was affected in 12 patients, the right knee in 10.
One patient sustained bilateral PCL injury, complicated by fracture of both femur.
Causes of injury were vehicle accidents in 14 patients
and sports injuries in 7. Associated injuries were
femoral fractures in 2, tibial fracture in 1, upper limb
fractures in 3, and meniscal tears in 3 patients. The
average follow-up time was 50 months (36-72
months). All procedures described in the present investigation were approved by the local ethics committee.

Surgical procedure
All patients were operated in the supine position by a
single fully trained orthopaedic surgeon (CCK), under
general or epidural anesthesia using a standard setup. After exsanguination, a thigh tourniquet was inflated to 250 mmHg, and a 50 mmHg arthroscopic
pump was used for irrigation. Associated injuries
were identified and treated before PCL reconstruction. The concomitant procedures included one medial partial menisectomy, 3 meniscal repairs, 1 lateral
retinaculum release, and 4 debridements for osteoarthritic changes involving the medial and
patellofemoral compartments.
Arthroscopic transtibial single bundle PCL augmentation was performed using a standard technique10 and
quadrupled hamstrings autografts. Viewing with a 70°
arthroscope through the anteromedial portal and a
working instrument in the posteromedial portal, the
anatomical attachment of the PCL at both tibial and
femoral side was identified and the PCL remnant debrided of synovium and scar tissue, taking care to
preserve it. The entry point of the tibial tunnel was
approximately 4-5 cm below the joint line, on the anteromedial aspect of the tibia; the exit point was on
the tibial footprint, more proximally and laterally than
the entry point. A 2.2 mm guide pin was inserted under fluoroscopic monitoring, to better assess its position, and a cannulated drill of the diameter of the graft
was used to drill the tibial tunnel. The progression of
the drill is monitored under fluoroscopy, and the neurovascular bundle protected by the surgeon’s finger
tip (Fig. 1). The anatomical femoral footprint of the
PCL posterolateral bundle was identified, a 2.2 mm
guide pin was inserted intra-articularly through the
femoral PCL footprint, overdrilled with a cannulated
Endobutton drill (Smith & Nephew), and a femoral
socket of the same diameter as the graft drilled to
leave 10 mm of intact condyle as a bone bridge.
The average diameter of the graft was 9 mm; the average length was 127 mm, ranging from 115 to 138 mm.
The graft was passed in a standard fashion from tibia
to femur and proximal fixation performed with an endobutton (Smith & Nephew) and a bioabsorbable interference screw (Bioscrew, Linvatec) of the same diameter as the tunnel.
Pretension of the graft was performed by 20 cycles of
flexion and extension of the knee. A normal 10 mm
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Figure 1. Protection of the posterior structures of the kneee
by surgeon’s finger tip through posteromedial safety incision as suggested by Fanelli.

anteromedial step-off of the tibia was restored by anterior draw at 90° of knee flexion. A screw post and a
bioabsorbable interference screw (Bioscrew or Extraloc, Linvatec) of diameter 1 mm larger than the
tunnel were used for tibial graft fixation.

Postoperative rehabilitation
Patients undertook a standardised postoperative rehabilitation protocol under the supervision of physiotherapist: the knee was braced allowing 0-60° for four
weeks, and partial weight-bearing walking, range of
motion exercises, and quadriceps strengthening exercises were commenced immediately. Hamstring exercises were allowed after 6 weeks.

Outcome evaluation
Patients were assessed thereafter at three month intervals for one year, and yearly thereafter.
To assess the functional status, the Lysholm knee
score was administered to all the patients. Ligament
laxity was evaluated clinically with the posterior drawer test at 90° of flexion, and with the KT-1000
arthrometer. Anteromedial tibial step-off was also assessed. Standing antero-posterior, lateral and Merchant’s view radiographs were taken preoperatively
and at annual follow-up. Radiographic findings were
categorised according to the Ahlbäck’s classification 11. Pre- and postoperative data were compared
using the Wilcoxon Signed Rank test. The correlation
of clinical outcome and secondary osteoarthritis of
the affected knees with the duration of injury, grading
of residual post-operative PCL laxity and the length of
follow-up time were evaluated using the Mann-Whitney test, with statistical significance set at P<0.05.
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Results
There were no intra-operative complications. Haematoma at the graft donor site occurred in one patient;
one patient underwent manipulation under anesthesia
and arthroscopic lysis for postoperative arthrofibrosis,
and a full range of motion was regained.

Functional assessment
The symptoms reported by the patients are summarised in Table 1. Preoperatively, pain and instability were present in 59.1% (13/22) of the knees, only
pain in 18.2% (4/22) and only instability in 22.7%
(5/22). Postoperatively, pain and instability persisted
in 4.5% (1/22) knees, 1 (4.5%) patient complained of
only pain, 2 (9.1%) patients of only instability. The
functional improvement was statistically significant
(P<0.001). From the analysis of the relationship of
symptoms, Lysholm score and time from injury to
surgery (Tab. 2), patients were less symptomatic and
more satisfied when operated on within 6 months
from the injury (P<0.05). The average Lysholm
scores improved from 49±17 pre-operatively to 86±7
postoperatively (P<0.001). Six knees (27.3%) were
scored as excellent (≥95), 12 (54.6%) as good (8594), 3 (13.6%) as fair (65-84), and 1 (4.5%) as poor
(≤65). Sixteen patients (72.7%) returned to pre-injury

sport activity level, 3 patients (13.6%) returned to a
lower level, 2 had to stop. Overall, 14 (63.6%) patients were satisfied with the functional outcomes.

Ligament laxity
Pre-operatively, posterior laxity greater than 10 mm
was diagnosed in all knees, but none of them presented significant postero-lateral laxity (Tab. 3). Postoperatively, we found no laxity in 27.3% (6/22) of the
knees, grade I laxity with a firm end point (0-5 mm) in
54.5% (12/22), and grade II (5-10 mm) laxity with firm
end point on posterior drawer test in 18.2% (4/22).
Comparing pre-operative and post-operative status,
we found a statistically significant improvement in ligament laxity (P<0.001).

Radiographic assessment
We found radiographic degenerative changes in 5 of
22 affected knees (22.7%): Ahlback type 1 changes
(narrowing of joint space) in 3 (13.6%), type II (obliteration of joint space) in 1 (4.5%), and type III (bone
attrition less than 5mm) in one (4.5%). No type IV and
V changes were found. Three patients had degenerative changes of the medial compartment, one of the
patello-femoral joint, and one of both the medial and

Table 1. The assessment of symptom of the operated knees.
Pre-op
Instability
Pain

Yes

Post-op
No

Yes

No

Yes

13 (59.1%)

4 (18.2%)

1 (4.5%)

1 (4.5%)

No

5 (22.7%)

0

2 (9.1%)

18 (81.8%)

Table 2. Correlation of symptom and Lysholm score with the duration from injury to surgery.
Duration (months)

<3

No. of case

2

Symptom

Lysholm score

positive

negative

0

2 (100%)

92.3+/-3.9

3-6

14

2 (14.2%)

12 (85.8%)

86.1+/-9.4

6-12

4

1 (25%)

3 (75%)

68.4+/-8.6

>12

2

1 (50%)

1 (50%)

61.1+/-7.7

Table 3. The assessment of ligament laxity.
PCL laxity (mm) by posterior drawer test
0

0-5

5-10

>10

Pre-op

0

0

0

22 (100%)

Post-op

6 (27.3%)

12 (54.5%)

4 (18.2%)

0
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patellofemoral compartments. In one case (4.5%),
preoperative degenerative changes had progressed
at the latest follow-up.
Correlating the occurrence of degenerative changes
with the interval time from injury to surgery (Tab. 4),
we found a statistically significant correlation when
patients had been operated on after more than 12
months from injury. The occurrence of degenerative
changes was 13.6% (3/22) at 2-year follow-up and
22.7% (5/22) at 3-year and longer follow-up
(P<0.05), showing that the occurrence of degenerative changes is also positively correlated with duration of the follow up. When correlating degenerative
changes with postoperative residual ligament laxity
of the knee (Tab. 5), we found that the occurrence
of osteoarthritic changes was 25% (3/12) for the
knees presenting 0-5 mm laxity, 25% (1/4) in those
with 5-10 mm laxity, and 16.7% (1/6) in those knees
with no residual PCL laxity. This difference was not
statistically significant.

Discussion
The main finding of the present study is that arthroscopic augmentation of the PCL using transtibial single bundle procedure and autograft hamstring tendons provides satisfactory outcomes in 82% of patients at an average follow of 50 months after
surgery. Outcomes are superior when performing
surgery early. PCL reconstruction may be open or
arthroscopic, using transtibial or tibial inlay procedures, one or double bundle12. This surgery may be
compromised when ligament injuries are associated.
The anatomy of the PCL is demanding to restore as
the anatomical location of the femoral footprint may
change, and it is unpredictably difficult to drill an
anatomical femoral tunnel through the transtibial approach. In addition, when performing a transtbial
technique, some tunnel enlargement, graft migration
and elongation may occur over time13,14. On the other
hand, the tibial inlay procedures has been conceived
to prevent graft loosening, the ‘killer turn’ effect, and
the graft friction, allowing to restore the native attachment of the PCL to the tibia15. However the results of

transtibial procedures are comparable to those observed after tibial inlay surgery16,17. Up to date it is
unknown to establish the best surgical procedure for
PCL deficiency. We performed an arthroscopic augmentation using a single bundle transtibial procedure.
Four-strand hamstring tendon autograft was used: it
is easy to harvest, and provides suitable graft size
and strong primary fixation strength18. In addition, we
fixed the ligament on both the femoral and tibial sides
to improve the stability of the construct19 and prevent
progressive elongation of the graft 20. The sense to
perform graft augmentation is to leave in situ the
residual fibers of the PCL at both the attachment and
insertion sites. We now point out that most PCL injuries occur with the knee flexed: in this position, the
anterolateral bundle is stretched under tension, the
postero-medial bundle is intact2,21-23. Such remnant
fibers may heal with the graft and contribute to posterior knee stability15. The average Lysholm knee score
was 86 points at final assessment compared to 49
points preoperatively. For what concerns the clinical
symptoms evaluated with IKDC scores, Chen et al.
found that 83% of their patients reported minimal pain
or swelling during strenuous or moderate activities after reconstruction24. Considering the rate of normal
(A)/nearly normal (B) IKDC outcomes as primary end
point, a recent systematic review has reported an average success rate of 89.8% (SD 4.2) rate was after
PCL augmentation, and 80.1% after reconstruction.
Our IKDC outcomes are slightly lower to those reported by Del Buono et al.25, but the follow up of the present study is longer, and almost all patients are athletes. Specifically, 16 patients (72.7%) returned to
pre-injury sport activity level, and 3 (13.6%) returned
to a lower level. This procedure markedly reduces the
ligament laxity, which was less than 5 mm in 18 of 22
(81.8%) knees. PCL augmentation also provides lower complication rates compared to reconstruction procedures. Even though postoperative limitation in
ROM may be a consequence after using hamstring
tendon grafts12,25, only 1 patient reported postoperative limitation in range of motion. The completely recovered after manipulation under anesthesia.
Chronic PCL deficiency may induce the development
of secondary degenerative changes1,5,6,9,26,27, mostly

Table 4: Correlation of osteoarthritis with duration of injury and follow-up time.
Duration of PCL injury (months)

<2 years follow-up

>3 years follow-up

<3 (2)
3-6 (14)
6-12 (4)
>12 (2)

0/2 (0%)
1/14 (7.1%)
1/4 (25%)
1/2 (50%)

0/2 (0%)
3/14 (21.4%)
1/4 (25%)
1/2 (50%)

Table 5. The correlation of post-operative residual PCL laxity and secondary osteoarthritis.
PCL laxity (mm)

0

0-5

5-10

OA change

16.7%(1/6)

25%(3/12)

25%(1/4)
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Figure 2. Preserved PCL substance with reconstructed
graft.

in the patellofemoral (20%) and tibiofemoral compartments (70%), accounting for an overall 46% occurrence of degenerative changes. We observed an
overall incidence of osteoarthritic changes of 22.7%.
This relatively lower rate could be secondary to the
preservation of PCL fibers15. Another reason to preserve PCL fibers is to maintain the mechanoreceptors
on the surface of the ligament’s femoral and tibial attachment sites, which function as knee stabilizers,
explaining why patients with posterior instability develop degenerative changes more slowly than those
with anterior instability 28. The occurrence of these
changes correlated positively with the time from injury
to surgery, and with the length of the follow-up, not
with the post-operative PCL laxity.
The described PCL reconstruction technique has several merits. First, this procedure, differently from the
inlay procedure, is safe for the posterior capsule,
and, as suggested by Fanelli26, the posteromedial incision allows protection of the vascular structures.
Hamstrings autografts are safe and, when whip
stitched with strong non-absorbable material along
the full length of the quadrupled graft, a strong bundle
is produced. Second, by preserving the residual vascularized substance of the PCL, the augmented ligament is revascularised, with higher chances to heal
(Fig. 2). At the tibial footprint, the residual substance
of the PCL may protect the graft from the tibial ‘killer
turn’ effect. Third, a double fixation, at both femoral
and tibial side, is strong and secure, and allows aggressive rehabilitation and early recovery of motion.
As reported in previous studies, it is difficult to completely eliminate the posterior laxity of the
knee7,9,29,30. We found up to 5 mm of laxity in 81% of
patients, confirming that it is not necessary to completely restore the knee stability to achieve satisfactory results.
This study has several limitations: (1) no control
group was included: a comparative study is needed
to confirm the superiority of this augmentation tech-
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nique over reconstruction; (2) the follow-up period
was probably sufficient to assess the presence of degenerative changes in the mid-term, but longer follow-ups are needed; (3) the presence of associated
lesions may have biased results, but no statistically
significant differences were found in Lysholm score,
IKDC evaluation, and KT-1000 arthrometer results
between patients with and without associated injuries.
The strengths are a single-surgeon consecutive series with clear inclusion and exclusion criteria, a homogeneous standardized rehabilitation programme
and standardized review programme with 100% follow up.
All the procedures described in the present study
comply with the Muscles, Ligaments and Tendons
Journal. Basic principles and recommendations in
clinical and field science research31.

Conclusions
This procedure is effective in 82% after an average of
4 years from the index surgery. Early surgery improves outcome and also reduces the occurrence of
degenerative changes.
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