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Outcomes of Posterior Cruciate Ligament Treatment:
A Review of the Evidence

Sommer Hammoud, MD, Keith R. Reinhardt, MD, and Robert G. Marx, MD, MSc, FRCSC

Objectives: The purpose of this systematic review is to assess the
current recommendations in an evidence-based manner with regard
to posterior cruciate ligament (PCL) reconstruction. i

Methods: We conducted a systematic review of multiple databases,
evaluating studies on the outcomes of PCL treatment in isolation
and in the multiligamentous injured knee.

Results: Twenty-one studies of isolated PCL reconstructions and 10
studies of combined PCL reconstruction were identified for
inclusion. Eight studies reported graft failure as an outcome, with
an overall rate of 11.6%. Three studies reported outcomes of single
bundle PCL reconstruction using hamstring autograft; there were
12 graft failures in 96 reconstructions (12.5%). There were 2 graft
failures in a total of 17 combined PCL/anterior cruciate ligament/
posterolateral corner reconstructions (11.8%). In the combined
PCL studies, return to preinjury activity level ranged from 19 to
68%. In the isolated PCL studies, 50 to 82% of patients were able
to return to preinjury activity level. There were no significant
differences in functional outcomes (Lysholm and IKDC). From
37% to 70% of patients in the combined PCL studies had a normal
posterior drawer test at final follow-up. One study showed a
significant difference in the mean posterior drawer test side-to-side
difference between the 7-strand and 4-strand hamstring autograft
groups (1.7 vs. 3.7mm, P < 0.05).

Conclusions: Currently, firm recommendations on what treatment
or technique to choose cannot be given based upon the available
literature. There is a need for higher-quality clinical studies to guide
treatment decisions. Generally good results are reported after PCL
reconstruction, but the long-term studies available suggest that
normal stability in the majority of patients is not restored.
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M any controversies persist regarding the treatment of
posterior cruciate ligament (PCL) injuries. PCL
injuries occur in up to 44% of all acute knee injuries,!
but isolated PCL injuries (PCL injuries in which no
associated ligamentous injuries require repair and/or
reconstruction) have a reported incidence of as little as
3.5%.2 As compared with the anterior cruciate ligament
(ACL), PCL injuries are infrequent and present to a sports
medicine clinic in a ratio of 50 to 1.> Most PCL injuries
occur in combination with other knee ligamentous injuries
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and are seen most commonly after knee dislocations in the
setting of high-energy trauma.*”’

Debate is ongoing and no uniformly accepted treat-
ment algorithm exists for the treatment of closed disloca-
tions of the knee without associated neurovascular
compromise.® The individualized treatment protocol is
influenced in part by the natural history of the associated
ligamentous injuries. Specifically, medial-sided injuries can
reproducibly heal with appropriate nonoperative manage-
ment in the acute setting.” In contrast, injuries to the lateral
and posterolateral structures of the knee have been more
successfully treated with surgical repair and/or reconstruc-
tion.'%!! Simultaneous early reconstruction of both cruci-
ates, when disrupted, has been advocated by many
investigators.*'>"1> However, early surgery may not be
feasible in the polytraumatized patient or in the patient
with life-threatening injuries.!®

Unlike the multiligamentous injuries seen with knee
dislocations that include PCL tears, reported results of
nonoperative management of isolated PCL tears have been
encouraging.'” Some of these patients, however, will
require surgical reconstruction owing to the development
of chronic, symptomatic instability. Moreover, many
studies have shown that nonoperative treatment may lead
to degenerative changes in the knee over time.!!

Surgical results after isolated PCL reconstructions
have been less satisfactory as compared with results after
ACL surgery. Contributing factors include: the paucity of
PCL reconstructions carried out resulting in less surgeon
experience; complex anatomy of the PCL; and a constant
posterior gravity force on the PCL graft at rest’ On
account of the relatively rare nature of these injuries and
their surgical treatment, very few studies in the literature
have focused on isolated PCL reconstructions. Moreover,
the current literature lacks high-quality randomized con-
trolled trials and prospective comparative studies, limiting
the value of the available reported results.

The purpose of this systematic review is to assess the
current recommendations in an evidence-based manner
with regard to PCL reconstruction including: graft choice;
single versus double-bundle reconstruction; transtibial
compared with tibial inlay techniques; and the role of
preservation of the remnant of the PCL. The primary aim is
to report outcomes after management of isolated and
combined PCL injuries from the available current litera-
ture. We defined combined PCL injuries as PCL injuries
occurring in combination with other ligamentous injuries in
which the PCL and at least one additional ligament requires
repair and/or reconstruction.

METHODS
A systematic literature review was performed with the
following data sources used: MEDLINE with OVID and
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PUBMED (basic search, related articles, clinical queries
search), EMBASE, and the Cochrane Central Register of
Controlled Trials, for relevant articles in the English
language. Bibliographies of identified articles on this topic
were also reviewed.

Initial inclusion criteria limited the inclusion of studies
to the following: studies with a primary aim at assessing
outcomes after PCL reconstruction [single bundle (SB) vs.
double bundle (DB); tibial inlay vs. transtibial; comparison
of different graft options; preservation of the PCL remnant
(Pr)]; all levels of evidence; publication in a peer-reviewed
journal from 1985 to the present; and minimum of 2-year
follow-up after PCL reconstruction. After this initial search
our inclusion criteria were further refined to include, in
addition to the above stated criteria, a minimum sample
size of 10 patients and a minimum of 80% follow-up.
Studies were excluded if any of the following applied:
nonclinical studies (animal or cadaveric studies); biome-
chanical studies; in vitro studies; primary PCL repairs;
treatment of PCL avulsion injuries; revision procedures;
papers with mixed populations of isolated and combined
PCL reconstructions in which the outcomes were not
reported separately; synthetic, LARS (Ligament Augmen-
tation and Reconstruction System), prosthetic, and LAD
(Ligament Augmentation Device) reconstructions; and if
>20% of patients were lost before final follow-up. More-
over, to be included as a combined PCL study, all
combinations of multiligamentous knee reconstructions
must have included a PCL reconstruction.

All studies identified in the initial search were screened
for duplications by entering them into a computer-based
reference management system. All eligible articles were then
screened first by title and abstract, followed by an in-depth
review of each article’s methodology and outcomes. The
results of this search are shown in Tables 1 and 2, which
include the studies of isolated and combined PCL
reconstructions meeting the above criteria. A modified
standardized data extraction form was used to retrieve
data from each article on study design, population,
interventions, and outcomes.’® Outcomes of particular
interest included return to preinjury level of activity, graft
failure rate, laxity measurements, knee range of motion,
and standardized knee outcomes scores. We defined
graft failure rate as either revision PCL reconstruction,
displacement of the medial tibial plateau posterior to the
femoral condyle/grade III posterior drawer test, and/or
> 10mm increase in posterior tibial displacement on physi-
cal examination. We did not include KT-1000 measure-
ments as a criterion for failure because of variability in
testing.

RESULTS

General Description of Studies (Tables 1, 2).

Twenty-one studies of isolated PCL reconstructions
and 10 studies of combined PCL reconstructions met our
initial inclusion criteria and were published after 1997. Data
for each study was collected using a worksheet developed
by the investigators. The basic details of the studies are
shown in Tables 1 and 2, including sample sizes, length of
follow-up, techniques of reconstruction, graft types, and the
methods of fixation of the grafts.

Of the 21 studies included for isolated PCL recon-
structions, only 1 was a prospective level of evidence 11
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study, in which the investigators compared functional
outcomes of an anteromedial (AM) vs. anterolateral (AL)
transtibial tunnel drilling technique in SB arthroscopic PCL
reconstruction using hamstring tendon (HT) autograft and
preservation of the PCL remnant.”® Seven studies were
retrospective comparative studies (level of evidence III)
comparing functional outcomes of 4-strand HT versus
7-strand HT autografts; SB versus DB; transtibial and tibial
inlay techniques; I-incision versus 2-incision arthroscopic
PCL reconstruction; and autograft versus allograft (quad-
riceps tendon (QT) and 4-strand HT were used in the
autograft group and achilles and tibialis anterior grafts
were used in the allograft group).20:23:25-27.32.3340 The
remaining studies were retrospective case series of func-
tional outcomes following isolated PCL reconstructions.

All 10 studies meeting inclusion and exclusion criteria
for combined PCL reconstructions were retrospective case
series (Table 2). Three studies assessed outcomes after
combined reconstruction of the PCL and posterolateral
corner.*’# The reconstruction technique used for all 3
studies was a SB, transtibial technique using a variety of
graft types. Four studies reported outcomes after combined
reconstruction of the anterior cruciate ligament (ACL) and
PCL.41:434546 In 1 study by Zhao et al,*® DB PCL
reconstructions were evaluated; the remainder involved
case series of SB reconstructions. One study evaluated
outcomes after ACL/PCL/posterolateral corner combined
reconstructions in 17 patients* and the remaining 2 studies
evaluated various combinations of multiligamentous knee
reconstructions. 42

Outcomes
Graft Failure Rate (Table 3)

Of the studies meeting our inclusion criteria, we
evaluated graft failure rates and included all patients with
a final follow-up posterior drawer test of grade 3 or greater
(defined as >10mm increase in posterior tibial displace-
ment or displacement of the medial tibial plateau posterior
to the femoral condyle) and/ or patients that required
revision PCL surgery. The results of the graft failure
analysis are shown in Table 3. In 3 studies that evaluated
outcomes after isolated SB PCL reconstruction using
autograft HT, there were 12 graft failures in 96 reconstruc-
tions (12.5%).2%233 The study by Zhao et al?® compared
4-strand HT autograft with 7-strand HT autograft and the
1 failure reported was in the 4-strand HT group. In the
study by Strobel et al,* 2 graft failures were seen in a total
of 17 combined ACL/PCL/posterolateral corner recon-
structions (11.8%). In this study the PCL was reconstructed
using 4-strand HT autograft in a SB technique. Two
studies, in which the PCL was reconstructed using bone-
patellar tendon-bone (PT) autograft, 3 graft failures were
reported out of a total of 39 procedures (7.7%).2%* One
study reported - their outcomes on 22 isolated PCL
reconstructions using QT autograft in a SB technique;
there were 2 graft failures in this group (9.1%). One study
reported 6 graft failures in 20 SB PCL reconstructions
(30%), using a mixture of PT autograft, PT allograft, and
Achilles (Ac) tendon allograft.?® In this study they
compared the tibial inlay versus transtibial techniques;
they reported 2 graft failures out of 7 reconstructions in the
tibial inlay group (28.6%) and 4 graft failures out of
13 total in the transtibial group (30.8%). Overall the graft
failure rate for the 8 studies where failure was reported as
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TABLE 3. PCL Graft Failure (Failure Defined as >10 mm Increase in Posterior Tibial Displacement, Displacement of Medial Tibial Plateau
Posterior to Femoral Condyle, Grade Ill Posterior Drawer Test, and/or PCL Revision Reconstruction)

Sample Graft Failure
Study Size (N)  (No. Patients) (%) Failure Description
Isolated PCL Reconstruction Studies
Chan et al*® 20 1(5) Grade TIT posterior drawer test, 11-15mm increase in posterior tibial displacement
Wong et al? 55 10 (18.2) 5 in each group met IKDC criteria of severely abnormal ligament laxity (> 10 mm)
MacGillivray 20 6 (30) Grade C posterior drawer test (defined as posterior displacement of tibia relative to
et al3® femoral condyles)
Mariani et al® 24 2(8.3) Manual posterior drawer test with > [0 mm post displacement
Wu et al 22 22 2 (9.1%) Grade I posterior drawer test, 11-15mm increase in posterior tibial displacement
Zhao et al*° 43 1(2.3) Grade 11 posterior drawer test in 4-strand hamstring tendon autograft group
Combined PCL Reconstruction Studies
Mariani et al*? 15 1(7.1) Patient underwent revision surgery in another hospital for severe postoperative
residual laxity.
Strobel et al* 17 2 (11.8) Grade III posterior drawer test
Totals 215 25 (11.6)

an outcome was 25 out of 215 PCL reconstructions
(11.6%).

Knee Range of Motion (Table 4)

All but 9 studies, in some fashion, reported on range of
motion deficits at final follow-up (Table 4). One study
compared SB HT versus DB HT reconstructions and found
no significant difference between the 2 groups for mean
knee range of motion (ROM).?° In a study comparing
4-strand HT versus allograft Ac tendon, one patient in the
Ac allograft group required a manipulation under anesthe-
sia (MUA) at 5 months for arthrofibrosis.*> The highest
rates of knees requiring MUA and/ or arthroscopic lysis of
adhesions (LOA) postoperatively were seen in the com-
bined PCL studies. In 1 study evaluating ROM after
combined ACL/PCL reconstruction, with the PCL being
reconstructed using 6-8-strand HT autografts, there were 8
out of 12 patients total (66.7%) that required MUA at 3
months postoperatively. None of the Level I retrospective
comparative studies found any significant differences in
knee ROM between groups compared.

Activity Level and Functional Assessments
(Tables 5, 6)

As shown in Table 6, the majority of the studies used
the Tegner activity scale for follow-up assessments. Only 8
of these studies reported Tegner activity scores for pre-
injury assessments as well. Other studies simply reported a
percentage of patients that were able to return to preinjury
activity level or to competitive sports. In a study by
Hermans et al,?® a significant negative difference was found
between preinjury and latest follow-up mean activity levels
(7.2 vs. 57, P<0.001) in their study of SB PCL
reconstructions. Zhao et al*® found that a significantly
higher percentage of patients in their 7-strand HT autograft
group were able to return to preinjury activity level when
compared to their 4-strand HT autograft group (82% vs.
76%, P<0.01). No other comparative studies of isolated
PCL reconstructions noted significant differences with
regard to patient return to activity. In the combined PCL
studies, return to preinjury activity level ranged from 19 to
68%. Table 6 contains the data on standardized functional
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outcome assessments for each of the studies. No significant
differences in functional outcomes (Lysholm mean score
and IKDC % normal and % nearly normal) were noted in
any of the level IT or IIT comparative studies.

Posterior Knee Laxity (Table 7)

Many of the studies included in this review included
instrumented-laxity testing as an objective outcome mea-
sure in addition to the manually performed posterior
drawer test. As seen in Table 7, there was one study by
Zhao et al*® that found a significant difference in the mean
posterior drawer test side-to-side difference (STSD) be-
tween the 4-strand HT and 7-strand HT groups (3.7mm vs.
1.7mm, P <0.05). No other significant findings were noted
in the comparison of different graft options or surgical
techniques. Importantly, no significant differences were
noted by Wang et al®> in the comparison of SB and DB
reconstructions using HT autograft (mean instrumented
STSD 2.3mm vs. 3.1 mm, respectively). In evaluating the
combined PCL reconstruction studies, mean corrected
STSD on instrumented-laxity testing ranged from 2 to
42mm. Two studies showed that no patients were
“normal” on posterior drawer test at final follow-up.*>%
The remainder of the combined PCL studies showed from
37% to 70% with normal posterior drawer test at final
follow-up.

DISCUSSION

There are few prospective comparative studies and
even fewer randomized controlled trials from which to
guide treatment decisions after PCL injury. Watsend et al!
have shown that the methodological quality of studies
focused on isolated PCL injury is low and warn that
caution is required when interpreting results after manage-
ment of injury to the PCL. From this systematic review,
since 1997, there have been 21 studies after isolated PCL
reconstruction and 10 studies after combined PCL recon-
struction that met our inclusion criteria. Of the 21 studies
evaluating outcomes after isolated PCL reconstruction,
only 1 was a prospective study, 7 were retrospective
comparative studies and the remaining were retrospective
case series. All 10 studies meeting our inclusion criteria for

© 2010 Lippincott Williams & Wilkins
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TABLE 4. Knee range of Motion Deficits at Final Follow-up

Mean Mean
Extension Loss Flexion Loss Extension Flexion
[No. patients (%)] [No. patients (%)] Loss (°) Loss (°) Mean
Study <3°3-5° <5°>5° (Range) (Range) ROM (°) Comments
Combined PCL Studies
Lo et al*! — 1(9) e 2 (18) - — —
Mariani et al*? 0 - — e — Mean knee flexion 118°
(range, 105-135)
Shi et al*3 _ — 1.5 (0-4) 3 (0-10) 144
Strobel et al* — — 2 (11.7 — — —
Zhao et al*® None — — e — Mean knee flexion 143°
(range, 130-150);
8 patients required
MUA at 3mo
Zhao et al*® None 4(19) 147 — — —
Fanelli et al¥’ None — - . — 3 patients required
LOA and MUA
Khanduja et al*® — — — — — 2 patients required
MUA at 6wk
Wang et al® — e — o —_ 2 knees required
LOA and MUA
Isolated PCL Studies
Ahn et al*® — — — — e 1 patient in allograft
group required MUA
at Smo
Chan et al*® — 1(5) — 2 (10) — — —
Chen and Gao?®® e 1(5.3) — 2 (10.5) - — —
Chen et al’’ - — e — - QT group 95%
Nml/NN; HT group
96% Nml/NN
Garofalo et al*® e — 4 (264 — - —
Hermans et al®s —_— — e 8 o 1 patient required open
capsular release
Kim et al3? — — e 10 (5-20) — 2 patients required
LOA and MUA
Kim et al?? — — — 3.4 — NS
MacGillivray et al®° — — e — — Reported NS
differences between
groups
Mariani et al®® — 2(8) — — (6-15) — None required MUA
Nyland et al?® 1(5.5) —_— — — — —
Wang et al?¢ — — — — 126 (SB) NS
vs. 124
(DB)
Wang et al?® —_— - — — 125 (Au) NS
vs. 127
(AD
Wu et al?? — 14.5) - 1(4.5) — e - 1 patient had >5°
extension loss; 1 patient
required LOA and
MUA
Zhao et al*! — 3(7) — e — s : NS
Zhao et al*® — 2(11) —_ — - —

Unclear from presentation of data within the study, not reported, or categorized differently by study.
HT indicates hamstring tendon graft; LOA, lysis of adhesions; MUA, manipulation under anesthesia; Nml, IKDC Normal rating; NN, IKDC Nearly
Normal rating; NS, no significant difference between groups compared within study; QT, quadriceps tendon graft.

outcomes following combined PCL reconstructions were
retrospective case series.

Despite a number of graft options being available for
PCL reconstruction, the most commonly used graft in
North America for PCL reconstruction is the Achilles
tendon allograft. We have seen good long-term results with
use of this graft for combined PCL and posterolateral
corner reconstructions as reported by Fanelli.*’ In their

© 2010 Lippincott Williams & Wilkins

study, mean Lysholm score at latest follow-up (range 2 to
10y) was 91.7 and mean Tegner activity score was 4.92
(there was no preinjury score as a comparison). Moreover
70% had a normal posterior drawer test at latest follow-up
and grade I laxity was present in 27%. Shi et al*3 also
showed good mid-term results with the use of this graft in
the treatment of patients with combined ACL/PCL injuries
and a mean follow-up of 38 months. Mean Lysholm score
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TABLE 5. Pre-injury and Latest Follow-up Activity Levels After PCL Reconstruction

Study Pre-injury Latest Follow-up
(Level of Evidence) Scale Activity Level*  Activity Level P Comments
Isolated PCL Studies
Ahn et al (TIN)* NR NR NR
Chan et al®® Tegner 7 (L) 6.3 Q4 NR
Chen and Garo®® Tegner NR 6.3
Chen CH et al’’ IKDCTorll 7% vs. 82% 55% vs. 59% NS QT vs. HT groups
Garofalo et al®¢ Tegner 7.9 (1.06)t 6.2 (1.DT NS No patients able to return to same
preinjury level of sporting activities
Hermans et al*® Tegner 7.2 (1.8)F 5.7 () <0.001
Wong et al (I[)* Tegner NR 4.4 (1.6)1vs. 5.1 NS Anteromedial vs. Anterolateral Tibial
(L.t Tunnel drilling
Jung et al** NR NR NR
Kim et al®? Tegner NR 6.4 vs. 6.5 NS I-incision vs. 2-incision
Kim et at (I11)*? NR NR NR
Lim et al’! Tegner 7 6 NS
MacGillivray et al’® Tegner NR 6vs. 6 NS TI vs. TT techniques.
Mariani et al?® Tegner 7.4 5.4 NS 50% returned to preinjury scores;
50% decreased by 1 or more points
Nyland et al?® NR NR NR
Seon et al (II1)*7 Tegner NR 5.6 vs. 6.1 NS TT/4HT vs. TI/PT techniques
Wang et al (I11)%¢ Tegner NR 4.5vs. 52 NS SB vs. DB reconstructions
Wang et al (1ID)%° Tegner NR 4.73 (1.66)vs. NS Au vs. Al reconstructions
470 (1.66)%
Wang et al?* Tegner NR 4.5 (Ot NR 80% able to participate in
recreational sports such as cycling
Wu et al?? Tegner 7.2 (L4t 6.0 (2.6)t NS IKDC I or II: 82%
Zhao et al (111 NR NR NR Return to former activity level: 76%
(4HT) vs. 82% (THT) — P<0.01
Zhao et al?! Tegner 7.1 6.9 NS
Combined PCL Studies
Fanelli et al* Tegner NR 53
Lo et al*! Tegner 7 (1.6)+ 6.2 ()t NS
Mariani et al*? NR NR NR 50% returned to preinjury level;
2 (14.3%) returned to
competitive sports
Shi et al* NR NR NR
Strobel et al** NR NR NR
Zhao et al*® Tegner 6.8 (0.6)F 6.6 (0.8)F NS
Zhao et al*® Tegner 6.2 (1.8)% 5.0 (1.9)F NS Only 4 patients (19%) returned to
preinjury activity level
Fanelli et al*’ Tegner NR 4.92
Khanduja et al*® Tegner NR 6.4 13 patients (68%) able to return to
pre-injury level of activity
Wang et al*® Tegner NR 3.72

*Tegner activity levels reported as means.
+tNumber in parentheses denotes standard deviation.
Ac indicates Achilles tendon graft; Al, allograft; Au, autograft; DB, double bundle; HT, hamstring tendon graft (number preceding denotes number of graft
strands); NR, pre-injury activity level not reported; NS, no significant difference; PT, bone patellar tendon graft; QT, quadriceps tendon graft; SB, single
bundle; TA, tibialis anterior tendon graft; TI, tibial inlay technique; TT, transtibial drilling technique.

at latest follow-up was 90% and 93% were rated as normal
or nearly normal per IKDC grading. They did not report
any patients with a normal posterior drawer test at latest
follow-up; 86.7% had a Grade I and 13.3% Grade II
posterior drawer test. In many other countries, hamstring
autograft is the graft of choice. There are multiple reports
using hamstring autograft with good results, although
4-strand HT autografts may show slightly inferior results to
6-8-strand HT autografts.?0-21:39:4

A number of controversies still exist regarding the
clinical and biomechanical superiority of various techniques
used in reconstruction of the PCL. The literature has failed
to show superiority of the double-bundle graft in PCL
reconstruction to the single anterolateral bundle graft. Only
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one study comparing single-bundle and double-bundle
reconstructions met our initial inclusion criteria. This level
111 study by Wang et al,? showed no significant differences
in mean knee ROM (126° vs. 124°); mean Tegner activity
level (4.5 vs. 5.2); mean Lysholm score (88 vs. 89); or in
mean posterior tibial translation (1.16 mm vs. 1.13mm) in
single-bundle versus double-bundle reconstructions, respec-
tively. Garofalo et al*® reported his results on isolated grade
IIT PCL injuries using a double-bundle technique (patellar
tendon combined with 2-strand HT autograft). They
reported that their results were not superior to single-
bundle reconstruction; moreover, knee laxity was not
normalized and no patient was able to return to the same
preinjury level of sporting activities. Although there is no
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TABLE 6. Functional Assessments at Latest Foliow-up

IKDC (% ‘““normal”/

Study (Level of Evidence) “nearly normal”)

Lysholm Score (Mean)

Comments

Isolated PCL Studies
Ahn et al(TII1)*0* 88.8 vs. 77.7
Chan et al® 85

90.1 vs. 85.8

Lysholm % G/E: 83 vs. 78 (P <0.01)
93 Lysholm % G/E: 90

Chen and Garo*® 94.7 92.5 Mean IKDC subjective score 92.5
Chen CH et al*’ 82 vs. 81 e Lysholm % G/E: 86 vs. 89
Garofalo et al*® 60 87.5 Lysholm % G/E: 93; IKDC Subj mean 66.3
Hermans et al®® 40.9 75

Wong et al (I)?? 67.9 vs. 66.6 88 vs. 91 NS

Jung et al** 100 —

Kim et al’? — 90 vs. 90.6 NS

Kim et al (IIT)2 — 86.8 vs. 79.7 vs. 843 NS

Lim et al’! e 88 Lysholm % G/E: 90.9
MacGillivray et al®0f — 81 vs 76 % satisfied: 92 vs. 86; NS
Mariani et al®® 79.2 94 Lysholm % G/E: 91.7

Nyland et al®® 89

— Lysholm % G/E: 90

Seon et al (IT)?7 — 91.3 vs. 92.8
Wang et al (111)%¢ 57.9 vs. 81.3 88 vs. 89
Wang et al (IIT)?5 71.9 vs. 60.9 87.8 vs. 92.3
Wang et al?* — 92 Lysholm % G/E: 77.4
Wu et al?? 82 89 Lysholm % G/E: 86
Zhao et al (IIT)%° 76.2 vs. 90.9 83 vs. 92 P <0.05 for IKDC; P <0.001 for Lysholm score
Zhao et al?! 100 94.9
Combined PCL Studies
Fanellj et al* — 35 Mean HSS score 86.8; NS between Au vs. Al for all
scales or between Acute vs. Chronic
Lo et al*! 82 38
Mariani et al®? 66.7 95.1 Mean HSS score 89.6
Shi et al*? 933 90
Strobel et al** 29.4 — Mean Postoperative Subjective IKDC score 71.8
Zhao et al® 91.6 92.3 IKDC mean subjective score 92.4
Zhao et al*® 95.2 91.9 IKDC mean subjective score 85.5
Fanelli et al*’ — 91.7
Khanduja et al*® 89.5 76.5
Wang et al*® — 86

*4-strand hamstring tendon autograft group vs. Achilles tendon allograft group.

+Quadriceps tendon autograft vs. 4-strand hamstring tendon autograft.
Itranstibial vs. tibial inlay techniques.

— indicates Unclear from presentation of data within the study, not reported, or categorized differently by study; G/E, percent good/excellent results; NS,

no significant difference; P = P value.

clinical support for the superiority of double-bundle PCL
reconstructions, Harner et al®®> reported that a double-
bundle reconstruction more closely restores normal knee
kinematics in the laboratory.

Similarly, both tibial inlay and transtibial tunnel
techniques have been used and there are currently no
clinical studies showing significant differences between
these. The tibial inlay technique was first described by
Berg.”® The theory behind the technique is aimed at
addressing the abnormal stresses placed on the graft as it
makes an acute angle to gain entrance into the tibial tunnel.
Bergfeld et al,> in a cadaveric study, showed that the tibial
inlay technique results in less mechanical attenuation of the
graft as compared with the transtibial technique after
repetitive loading. They also reported less anterior-poster-
ior translation in the tibial inlay group. Margheritini et al>®
also conducted a laboratory study and reported that both
reconstruction techniques restored posterior tibial transla-
tions and that there were no significant differences between
the grafts. Two level III studies meeting our inclusion
criteria?”-32 compared transtibial and tibial inlay techniques
in patients with isolated PCL injuries. Seon et al?’ reported

© 2010 Lippincott Williams & Wilkins

no significant difference in Tegner activity score at latest
follow-up. Neither study reported significant differences in
mean Lysholm score or knee laxity nor were there any graft
failures.

It has also been suggested that the acute angle of the
graft on the posterior aspect of the tibia can be reduced by
drilling from the anterolateral aspect of the tibia as opposed
to the standard anteromedial drilling technique. Wong
et al*3 compared these 2 techniques in a prospective study
of isolated PCL reconstructions using HT autograft. No
significant differences with regard to graft failure (5 in each
group, 18.2%), mean Tegner activity score, mean Lysholm
score or knee laxity were noted between groups.

In patients with grade IT laxity, in which the remnant
of the graft is still present, 3 studies meeting our inclusion
criteria presented good results with preservation of the
remnant and augmenting it with either HT or PT
autografts.?1%3:34 There are no studies comparing preserva-
tion of the remnant versus debridement of the PCL
remnant. In the study by Zhao et al?' the investigators
report a “sandwich” reconstruction of the PCL. This is a
double-bundle PCL reconstruction using 8-strand HT
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TABLE 7. Objective Knee Stability Testing at Final Follow-up

Study (Level of Evidence)

KT-1000 Postoperative
Mean STSD (mm) (range)

Posterior Drawer Test

Other Notes

Isolated PCL Studies
Ahn et al (ITT)#
Chan et al*

Chen and Garo®®
Chen CH et al37*
Garofalo et al*®

Hermans et al®®

Wong et al (I1)*+

Jung et al?*
Kim et al**f

Kim et al (I[1)*

Lim et al’!
MacGillivray et al®%§

Mariani et al?®

Nyland et al?®

Seon et al (IID7?7Il

Wang et al (I11)%%q

Wang et al (IID)>#
Wang et al**
Wu et al??

Zhao et al (IIT)20%*

Zhao et al?!
Combined PCL Studies

Fanelli et al*

Lo et al*

Mariani et al*?

Shi et al*

Strobel et al**
Zhao et al®

Zhao et al*®

1.0 89.5% nml; 5.3% Grade I;

— 20% nml; 67% Grade I;

2.1(SD 1.6)

2.8 (1-6) vs. 3.3 (1-10):; NS

1.8 (SD 1.2)
2.1 (1-4) vs. 2.38 (0-6)

59 vs. 5.5

4.08 (SD 2.09)

— 90.5% vs. 90.9% Grade I;
9.5% vs. 9.1% Grade II

2.3 (1-6) vs. 3.1 (0-7) NS

3.16 (1-10) vs. 2.83 (1-6)

Grade II; 9.1% Grade 111

3.7(SD 1.6) vs. 1.7 (SD 1.4)

(P<.035) 23.8% vs. 22.7% Grade I;
19% vs. 9.1% Grade II;
4.8% vs. 0% Grade II1

B 94.4% nml; 5.6% Grade 1
2.7 (0-7) 46% nml; 54% Grade I
2.6 (0-7) 55% nml; 45% Grade I
42(-3.51t09) 86.7% Grade I; 13.3%

Grade IT
2(—4to7) 88.2% Grade I or I
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IT; 5% Grade III (1/20)

5.3% Grade II

13% Grade II

9% nml; 68.2% Grade I;

22.7% Grade II

40% vs. 26.7% nml; 60% vs.

73.3% Grade I

69.2% vs. 71.4% with Grade

II or better PDT

52% nml
72.7% Grade I; 18.2%

52.4% vs. 68.2% nml;

e 80% Grade [; 15% Grade XT-1000 (89N): 0-2mm in 50%, 3-5mm

in 35% and >5mm in 15%
Mean KT-1000 results: 1.0 mm (SD 1.0)

KT-1000: 32% vs. 29% 0-2mm; 59% vs. 56%
3-5mm; 9% vs. 15% 6-10mm

KT-1000 mean STSD performed at quadriceps
neutral angle

PDT graded per IKDC criteria: 0-2 mm nml,
3-5 NN; 6-10 AB; > 10 SAb. Graded as 0-4
(0= no laxity). Anteromedial tunnel drilling
group mean grade 0.9; anterolateral tunnel
drilling group mean grade 0.9

63.6% had <3 mm increased displacement and
36.4% had 3-5mm increased displacement

KT-1000 or KT-2000 (testing done at 20-1b
force); corrected posterior translation

Only measured mean posterior STSD with
Telos stress radiographs: tibial inlay double
bundle group 3.6 mm (SD 1.43) vs. transtibial
single bundle group 5.6 mm (SD 2)
(P<0.023)

KT-2000 mean STSD: 23% 0-2mm; 68%
3-5mm; 9% 6-10 mm.

4/13 (30.8%) vs. 2/7 (28.6%) Grade III PDT

KT-2000 (89N, 70°); PDT: 0-2mm 25%; 3-
Smm 54.2%; 6-10mm 12.5%; > 10mm 8.3%
(2 patients)

PDT: 57.9% 0-2mm; 42.1% 3-5mm; KT-1000
(maximum manual) posterior displacement
24mm (SD 2)

PDT: single bundle group mean 1.16 mm
(0-2mm); double bundle group mean 1.13 mm
(0-2mm)

Mean PDT: Autograft group-0.94 mm
(0-3mm); Allograft group-0.61 mm (0-2 mm)

33.3% showed mild laxity (0-5 mm); 9.7%
showed moderate laxity (5-10 mm)

KT-1000 (89N): 0-2mm in 46%; 3-5mm in
18%; 6-10mm in 18.2%

P <0.05 between groups

KT-1000 at 90°, 30-1b; STSD < 3mm in 94.4%;
Smm in 5.6%

Mean postoperative corrected STSD 2.5 mm
(range, 0-6.8)

Average posterior sag 2.07 mm (range, 3.9-1):
11 patients between 0-2mm (grade A); 3
patients 3-5mm (grade B)

KT-1000 STSD at 70°

2 pts (11.8%) had Grade III PDT

Posterior sag at 70° STSD: 0-2mm in 75%;
3-4mm in 25%

KT-1000 STSD at 70°: 0-2mm 16 patients;
3-5mm 4; and 6-10mm in 1
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TABLE 7. (continued)

KT-1000 Postoperative

Study (Level of Evidence) Mean STSD (mm) (range)

Posterior Drawer Test

Other Notes

Fanelli et al*’ 1.8 (—2.5t06.5)
Khanduja et al*® -

Wang et al® —

70% nml; 27% Grade I;
2.4% Grade I1
37% nml; 58% Grade I;
5.3% Grade II
44% nml; 36% Grade I;
20% Grade 11

Mean corrected posterior STSD 2.11 mm
(range, —2.5to 7)

>

*Quadriceps tendon graft vs. hamstring tendon graft groups.

TComparison of anteromedial tibial tunnel drilling vs. anterolateral tibial tunnel drilling.

IComparison of 2-incision vs. 1-incision groups.
§Comparison of transtibial vs. tibial inlay groups.

I|Comparison of 4-strand hamstring tendon graft using transtibial technique vs. bone-patellar tendon-bone graft using tibial inlay technique.
JComparison of single bundle vs. double bundle techniques (both using autograft hamstring tendon).

#Comparison of Autograft vs. Allograft PCL reconstructions.

**Comparison of 4-strand hamstring tendon graft vs. 7-strand hamstring tendon graft groups.
AB indicates abnormal IKDC rating; N, newtons; nml, normal IKDC rating; NN, nearly normal IKDC rating; PDT, posterior drawer test; Sab, severely

abnormal IKDC rating; SD, standard deviation; STSD, side-to-side difference.

autograft (4-strand HT for each bundle) and PCL remnant
preservation. They reported results of 18 patients with
isolated PCL injuries at a minimum 2-year follow-up. At
latest follow-up they reported a mean Tegner score of 6.9,
mean Lysholm score of 94.9 and 94.4% of patients had a
normalized posterior drawer test.

Only 2 of the articles in the review presented here are
of long-term outcomes. Hermans et al®> published a 6 to 12-
year follow-up (mean 9.1y) study of single bundle PCL
reconstruction. Twenty-two patients (88% follow-up) with
isolated PCL injuries underwent reconstruction using PT
autograft (n=29), 4-strand HT (n=7), 2-strand HT plus
Achilles tendon allograft (n=38), or Achilles tendon
allograft alone (n=1). There were no graft failures. At
latest follow-up the mean Lysholm score was 75, the mean
Tegner score was 5.7 and 40.9% had an IKDC rating of
normal or nearly normal. There were no differences
between grafts used. They indicated that results were
inferior if cartilage damage was present at the time of
reconstruction and recommended early reconstruction.
Khanduja et al*® reported 2 to 9-year follow-up of
combined PCL/posterolateral corner reconstructions in 19
patients. They combined a single-bundle reconstruction of
the PCL with a Larson-type tenodesis for the posterolateral
corner. At latest follow-up the mean Tegner score was 6.4
and 13 patients (68%) were able to return to their preinjury
level of activity. The mean Lysholm score was 76.5 and
89.5% had an IKDC rating of normal or nearly normal.
Seven patients (37%) had a restoration of normal laxity on
posterior drawer testing, 11 (58%) had a grade I and 1
(5.3%) had a grade II posterior drawer test. They
concluded that although there was improvement at latest
follow-up, normal stability was not restored.

In conclusion, firm recommendations on what treat-
ment or technique to choose cannot be given based upon
the available literature. There are many advances being
made in PCL reconstruction and promising results are
being shown in the laboratory. There is a need for higher-
quality clinical studies and, ideally, randomized clinical
trials to guide treatment. Unfortunately, randomized
clinical trials are challenging to complete in this patient
group owing to the infrequency and heterogeneity of these
injuries. Generally good results are reported after PCL

© 2010 Lippincott Williams & Wilkins

reconstruction, but the long-term studies available suggest
that normal stability in the majority of patients is not
restored.

REFERENCES

1. Shelbourne KD, Davis TJ, Patel DV. The natural history of
acute, isolated, nonoperatively treated posterior cruciate
ligament injuries. A Prospective Study. Am J Sports Med.
1999;27:276-283.

2. Fanelli GC, Edson CI. Posterior cruciate ligament injuries in
trauma patients: part IL. arthroscopy. The Journal of Arthro-
scopic and Related Surgery: Official Publication of the Arthro-
scopy Association of North America and the International
Arthroscopy Association. 1995;11:526-529.

3. Johnson D. Posterior cruciate ligament: a literature review.
Current Orthopaedic Practice. 2010;21:27-31.

4. Fanelli GC, Edson CJ. Arthroscopically assisted combined
anterior and posterior cruciate ligament reconstruction in the
multiple ligament injured knee: 2- to 10-year follow-up.
Arthroscopy: The Journal of Arthroscopic and Related Surgery:
Official Publication of the Arthroscopy Association of North
America and the International Arthroscopy Association. 2002;
18:703-714.

5. Ibrahim SA, Ahmad FH, Salah M, et al. Surgical management
of traumatic knee dislocation. Arthroscopy. The Journal of
Arthroscopic and Related Surgery: Official Publication of the
Arthroscopy Association of North America and the International
Arthroscopy Association. 2008;24:178-187.

6. Liow RYL, McNicholas MJ, Keating JF, et al. Ligament
repair and reconstruction in traumatic dislocation of the knee.
J Bone Joint Surg-Series B. 2003;85:845-851.

7. Tzurbakis M, Diamantopoulos A, Xenakis T, et al. Surgical
treatment of multiple knee ligament injuries in 44 patients: 2-8
years follow-up results. Knee Surgery, Sports Traumatology,
Arthroscopy: Official Journal of the ESSKA. 2006;14;
739-749.

8. Richter M, Bosch U, Wippermann B, et al. Comparison of
surgical repair or reconstruction of the cruciate ligaments
versus nonsurgical treatment in patients with traumatic knee
dislocations. Am J Sports Med. 2002;30:718-727.

9. Hillard-Sembell D, Daniel DM, Stone ML, et al. Combined
injuries of the anterior cruciate and medial collateral ligaments
of the knee. effect of treatment on stability and function of the
joint. J Bone Joint Surg. American Volume. 1996;78:169—176.

10. Covey DC. Injuries of the posterolateral corner of the knee.
J Bone Joint Surg.American Volume. 2001;83-A:106-118.

www.sportsmedarthro.com | 289




Hammoud et al

Sports Med Arthrosc Rev * Volume 18, Number 4, December 2010

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Levy BA, Dajani KA, Morgan JA, et al. Repair versus

reconstruction of the fibular collateral ligament and poster-
olateral corner in the multiligament-injured knee. Am J Sports
Med. 2010;38:804-809.

. Clancy WF Jr, Sutherland TB. Combined posterior cruciate

ligament injuries. Clinics Sports Med. 1994;13;629-647.

. Noyes FR, Barber-Westin SD. Reconstruction of the anterior

and posterior cruciate ligaments after knee dislocation. use of
early protected postoperative motion to decrease arthrofibro-
sis. Am J Sports Med. 1997;25:769—778.

. Shapiro MS, Freedman EL. Allograft reconstruction of the

anterior and posterior cruciate ligaments after traumatic knee
dislocation. The Am J Sports Med. 1995;23:580~587.

. Wascher DC, Becker JR, Dexter JG, et al. Reconstruction of

the anterior and posterior cruciate ligaments after knee
dislocation. results using fresh-frozen nonirradiated allografts.
Am J Sports Med. 1999;27:189-196.

. Stayner LR, Coen MJ. Historic perspectives of treatment

algorithms in knee dislocation. Clinies Sports Med. 2000;19:
399-413.

. Patel DV, Allen AA, Warren RF, et al. The nonoperative

treatment of acute, isolated (partial or complete) posterior
cruciate ligament-deficient knees: an intermediate-term follow-
up study. HSS Journal: The Musculoskeletal Journal of
Hospital for Special Surgery. 2007;3:137-146.

. Boynton MD, Tietjens BR. Long-term followup of the

untreated isolated posterior cruciate ligament-deficient knee.
Am J Sports Med. 1996;24:306-310.

. Keller PM, Shelbourne KD, McCarroll JR, et al. Nonopera-

tively treated isolated posterior cruciate ligament injuries. Am J
Sports Med. 1993;21:132-136.

Zhao J, Huangfu X. Arthroscopic single-bundle posterior
cruciate ligament reconstruction: Retrospective review of
4- versus 7-strand hamstring tendon graft. The Knee. 2007;14:
301-305.

Zhao J, Xiaogiao H, He Y, et al. Sandwich-style posterior
cruciate ligament reconstruction. Arthroscopy. The Journal of
Arthroscopic and Related Surgery: Official Publication of the
Arthroscopy Association of North America and the International
Arthroscopy Association. 2008;24:650-659.

Wu CH, Chen AC, Yuan LJ, et al. Arthroscopic reconstruc-
tion of the posterior cruciate ligament by using a quadriceps
tendon autograft: a minimum 5-year follow-up. Arthroscopy:
The Journal of Arthroscopic and Related Surgery: Official
Publication of the Arthroscopy Association of North America
and the International Arthroscopy —Association. 2007;23:
420-427.

Wong T, Wang CJ, Weng LH, et al. Functional outcomes of
arthroscopic posterior cruciate ligament reconstruction:
Comparison of anteromedial and anterolateral trans-tibia
approach. Archives of Orthopaedic and Trauma Surgery. 2009;
129:315-321.

Wang CJ, Chen HS, Huang TW. Outcome of arthroscopic
single bundle reconstruction for complete posterior cruciate
ligament tear. Injury. 2003;34:747-751.

Wang CJ, Chan YS, Weng LH, et al. Comparison of
autogenous and allogenous posterior cruciate ligament recon-
structions of the knee. Injury. 2004;35:1279-1285.

Wang CJ, Weng LH, Hsu CC, et al. Arthroscopic single-
versus double-bundle posterior cruciate ligament reconstruc-
tions using hamstring autograft. Injury. 2004;35:1293-1299.
Seon JK, Song EK. Reconstruction of isolated posterior
cruciate ligament injuries: a clinical comparison of the
transtibial and tibial inlay techniques. Arthroscopy: The
Journal of Arthroscopic & Related Surgery: Official Publication
of the Arthroscopy Association of North America and the
International Arthroscopy Association. 2006;22:27-32.

Nyland J, Hester P, Caborn DN. Double-bundle posterior
cruciate ligament reconstruction with allograft tissue: 2-year
postoperative outcomes. Knee Surgery, Sports Traumatology,
Arthroscopy:  Official ~ Journal —of the ESSKA. 2002;
10:274-279.

290 | www.sportsmedarthro.com

29.

30.

31.

32

33.

34.

36.

37.

38.

39.

40.

41.

Mariani PP, Adriani E, Santori N, et al. Arthroscopic posterior
cruciate ligament reconstruction with bone-tendon-bone patellar
graft. Knee Surgery, Sports Traumatology, Arthroscopy: Official
Journal of the ESSKA. 1997;5:239-244.

MacGillivray JD, Stein BE, Park M, et al. Comparison of
tibial inlay versus transtibial techniques for isolated posterior
cruciate ligament reconstruction: minimum 2-year follow-up.
Arthroscopy: The Journal of Arthroscopic and Related Surgery:
Official Publication of the Arthroscopy Association of North
America and the International Arthroscopy Association. 2006,
22:320-328.

Lim HC, Bae JH, Wang JH, et al. Double-bundle PCL
reconstruction using tibial double cross-pin fixation. Knee
Surgery, Sports Traumatology, Arthroscopy: Official Journal of
the ESSKA. 2010;18:117-122.

Kim SJ, Kim TE, Jo SB, et al. Comparison of the clinical results
of three posterior cruciate ligament reconstruction techniques.
J Bone Joint Surg.American Volume. 2009;91:2543-2549.

Kim SJ, Shin SJ, Kim HK, et al. Comparison of 1- and 2-
incision posterior cruciate ligament reconstructions. Arthro-
scopy. The Journal of Arthroscopic and Related Surgery:
Official Publication of the Arthroscopy Association of North
America and the International Arthroscopy —Association.
2000;16:268-278.

Jung YB, Jung HJ, Tae SK, et al. Reconstruction of the
posterior cruciate ligament with a mid-third patellar tendon
graft with use of a modified tibial inlay method. J Bone Joint
Surg. American Volume. 2005;87(suppl 1):247-263.

. Hermans S, Corten K, Bellemans J. Long-term results of

isolated anterolateral bundle reconstructions of the posterior
cruciate ligament: A 6- to 12-year follow-up study. Am J Sports
Med. 2009;37:1499-1507.

Garofalo R, Jolles BM, Moretti B, et al. Double-bundle
transtibial posterior cruciate ligament reconstruction with a
tendon-patellar bone-semitendinosus tendon autograft: Clin-
ical results with a minimum of 2 years’ follow-up. Arthroscopy:
The Journal of Arthroscopic and Related Surgery: Official
Publication of the Arthroscopy Association of North America
and the International Arthroscopy  Association. 2006;22:
13311.el-1338.¢l.

Chen CH, Chen WJ, Shih CH. Arthroscopic reconstruction of
the posterior cruciate ligament: a comparison of quadriceps
tendon autograft and quadruple hamstring tendon graft.
Arthroscopy: The Journal of Arthroscopic and Related Surgery:
Official Publication of the Arthroscopy Association of North
America and the International Arthroscopy Association. 2002,
18:603-612.

Chen B, Gao 8. Double-bundle posterior cruciate ligament
reconstruction using a non-hardware suspension fixation
technique and 8 strands of autogenous hamstring tendons.
Arthroscopy: The Journal of Arthroscopic and Related Surgery:
Official Publication of the Arthroscopy Association of North
America and the International ~ Arthroscopy —Association.
2009;25:777-782.

Chan YS, Yang SC, Chang CH, et al. Arthroscopic
reconstruction of the posterior cruciate ligament with use of
a quadruple hamstring tendon graft with 3- to 5-year follow-
up. Arthroscopy: The Journal of Arthroscopic and Related
Surgery: Official Publication of the Arthroscopy Association of
North America and the International Arthroscopy Association.
2006;22:762-770.

Ahn JH, Yoo JC, Wang JH. Posterior cruciate ligament
reconstruction: double-loop hamstring tendon autograft versus
achilles tendon allograft-clinical results of a minimum 2-year
follow-up. Arthroscopy: The Journal of Arthroscopic and
Related Surgery: Official Publication of the Arthroscopy
Association of North America and the International Arthroscopy
Association. 2005;21:965-969.

Lo YP, Hsu KY, Chen LH, et al. Simultaneous arthroscopic
reconstruction of the anterior and posterior cruciate ligament
using hamstring and quadriceps tendon autografts. J Trauma.
2009;66:780-788.

© 2010 Lippincott Williams & Wilkins




Sports Med Arthrosc Rev * Volume 18, Number 4, December 2010

Outcomes of PCL Treatment: A Review of the Evidence

42.

43.

44.

45.

46.

47.

Mariani PP, Margheritini F, Camillieri G. One-stage arthros-
copically assisted anterior and posterior cruciate ligament
reconstruction. Arthroscopy: The Journal of Arthroscopic and
Related Surgery: Official Publication of the Arthroscopy
Association of North America and the International Arthroscopy
Association. 2001;17:700-707.

Shi DH, Cai DZ, Wang K, et al. Concurrent arthroscopic
bicruciate ligament reconstruction using achilles tendon-bone
allografts: Experience with 15 cases. Chinese Journal of
Traumatology = Zhonghua Chuang Shang Za Zhi/Chinese
Medical Association. 2008;11;341-346.

Strobel MJ, Schulz MS, Petersen W1J, et al. Combined anterior
cruciate ligament, posterior cruciate ligament, and poster-
olateral corner reconstruction with autogenous hamstring
grafts in chronic instabilities. Arthroscopy: The Journal of
Arthroscopic and Related Surgery: Official Publication of the
Arthroscopy Association of North America and the International
Arthroscopy Association. 2006;22:182-192.

Zhao J, He Y, Wang J. Simultaneous arthroscopic recon-
struction of the anterior and posterior cruciate ligaments
with autogenous hamstring tendons. Arthroscopy: The
Journal of  Arthroscopic and Related Surgery: Official
Publication of the Arthroscopy Association of North America
and the International Arthroscopy —Association. 2006;22:
497-504.

Zhao J, Huangfu X, He Y, et al. Simultanecous double-bundle
anterior cruciate ligament and posterior cruciate ligament
reconstruction with autogenous hamstring tendons. Arthro-
scopy: The Journal of Arthroscopic and Related Surgery:
Official Publication of the Arthroscopy Association of North
America and the International Arthroscopy Association. 2008;
24:1205-1213.

Fanelli GC, Edson CJ. Combined posterior cruciate ligament-
posterolateral reconstructions with achilles tendon allograft

© 2010 Lippincott Williams & Wilkins

48.

49.

50.

51

52.

53.

54.

55.

and biceps femoris tendon tenodesis: 2- to 10-year follow-up.
Arthroscopy: The Journal of Arthroscopic and Related Surgery:
Official Publication of the Arthroscopy Association of North
America and the International Arthroscopy —Association.
2004;20:339-345.

Khanduja V, Somayaji HS, Harnett P, et al. Combined
reconstruction of chronic posterior cruciate ligament and
posterolateral corner deficiency. A two- to nine-year follow-up
study. J Bone Joint Surg.British Volume. 2006;88:1169-1172.
Wang CJ, Chen HS, Huang TW, et al. Outcome of surgical
reconstruction for posterior cruciate and posterolateral
instabilities of the knee. Injury. 2002;33:815-821.

Wright RW, Brand RA, Dunn W, et al. How to write a
systematic review. Clin Orthop Rel Res. 2007;455:23-29.
Watsend AM, Osestad TM, Jakobsen RB, et al. Clinical
studies on posterior cruciate ligament tears have weak design.
Knee Surgery, Sports Traumatology, Arthroscopy: Official
Journal of the ESSKA. 2009;17:140-149.

Harner CD, Janaushek MA, Kanamori A, et al. Biomechanical
analysis of a double-bundle posterior cruciate ligament
reconstruction. Am J Sports Med. 2000;28:144-151.

Berg EE. Posterior cruciate ligament tibial inlay reconstruc-
tion. Arthroscopy: The Journal of Arthroscopic and Related
Surgery: Official Publication of the Arthroscopy Association of
North America and the International Arthroscopy Association.
1995;11:69-76.

Bergfeld JA, McAllister DR, Parker RD, et al. A biomecha-
nical comparison of posterior cruciate ligament reconstruction
techniques. Am J Sports Med. 2001;29:129-136.

Margheritini F, Mauro CS, Rihn JA, et al. Biomechanical
comparison of tibial inlay versus transtibial techniques for
posterior cruciate ligament reconstruction: analysis of knee
kinematics and graft in situ forces. Am J Sports Med.
2004;32:587-593.

www.sportsmedarthro.com | 291




