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Background: Historically, outcomes of posterior cruciate ligament (PCL) reconstructions have been less predictable and
reported to yield inferior results when compared with those for anterior cruciate ligament (ACL) reconstructions.

Purpose: To report on the outcomes of double-bundle PCL reconstructions (DB PCLRs) in isolated versus combined injuries and
acute versus chronic PCL reconstructions. To compare the outcomes of isolated DB PCLR with isolated ACL reconstruction.

Study Design: Cohort study; Level of evidence, 3.

Methods: All patients who underwent a primary endoscopic DB PCLR for complete PCL tears (grade III) between May 2010 and
March 2015 were reviewed. Patient-reported outcome scores (Tegner, Lysholm, WOMAC [Western Ontario and McMaster Uni-
versities Osteoarthritis Index], SF-12 [12-item Short Form Health Survey]) and objective posterior stress radiographs were col-
lected preoperatively and at a minimum 2 years postoperatively. A cohort subanalysis was additionally performed between
isolated and combined PCL reconstruction and acute versus chronic PCL reconstruction. Patients who underwent isolated
ACL reconstructions over the same inclusion period (2010-2015) were selected as a comparison group.

Results: One hundred patients who underwent DB PCLR were included in this study. There were 31 isolated PCL injuries, and 69
patients had concurrent combined PCL injuries requiring surgery. The mean follow-up for the PCL cohort was 2.9 years (range,
2-6 years). The median Tegner activity score improved from 2 to 5, Lysholm from 48 to 86, WOMAC from 35.5 to 5, and SF-12
Physical Component Summary from 34 to 54.8 (all P values \.001). The mean side-to-side difference in posterior tibial translation
on kneeling stress radiographs improved from 11.0 6 3.5 mm preoperatively to 1.6 6 2.0 mm postoperatively (P \ .001). There
were no differences in postoperative functional scores between isolated PCL reconstructions and PCL-based multiligament
reconstructions (all P values ..229). There was no significant difference in the reported outcome scores between acute and
chronic reconstructions (all P values ..087) except for Tegner scores (P \ .001) and patient satisfaction (P = .011) favoring
acutely treated PCL injuries. There were no significant differences between patients who had an isolated DB PCLR and patients
who underwent an isolated ACL reconstruction (n = 141) in postoperative outcome scores (all P values ..064).

Conclusion: Significantly improved functional and objective outcomes were observed after anatomic DB PCLR at a mean 3
years’ follow-up, with low complication rates, regardless of concomitant ligamentous injury or timing to surgery. Additionally, con-
trary to previous reports, comparable subjective and functional clinical outcomes were achieved compared with an isolated ACL
reconstruction control cohort.
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Posterior cruciate ligament (PCL) injuries are increasingly
being recognized as a cause of morbidity and reduced

function.11 These injuries decrease joint longevity by causing
degenerative changes when left untreated.19,29 These factors
have led to an increased focus on and improvement in surgical
treatment of these injuries. Historically, indications for PCL
reconstructions (PCLRs) were acute PCL injuries combined
with other ligamentous pathology. However, a significant con-
troversy exists in cases of isolated and chronic injuries.19 In
this regard, magnetic resonance imaging (MRI) is less

The American Journal of Sports Medicine
2018;46(8):1809–1818
DOI: 10.1177/0363546517750855
� 2018 The Author(s)

1809

https://doi.org/10.1177/0363546517750855
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0363546517750855&domain=pdf&date_stamp=2018-06-28


sensitive for the evaluation of chronic PCL injuries because
the signal intensity and shape of the torn PCL can be restored;
however, residual laxity can be present and stress radiographs
therefore play a fundamental role.11

PCLR was recently reported to produce more satisfac-
tory and consistent knee stability when compared with
nonoperative treatment.1 While improvements in single-
bundle PCLR tunnel placement, fixation type, and optimal
graft fixation angles have been achieved, biomechanical
and clinical studies demonstrated residual laxity after
single-bundle PCLR.17 A recent systematic review with
a meta-analysis reported that double-bundle PCLRs (DB
PCLRs) provided significantly improved objective posterior
tibial stability and objective International Knee Documen-
tation Committee scores when compared with single-
bundle PCLR in randomized clinical trials.7

Additionally, outcomes of PCLR were less predictable
and were reported to yield inferior results when compared
with anterior cruciate ligament (ACL) reconstruction.25

The purported inferior outcomes of PCLR may be due to
the heterogeneity in the diagnosis, treatment indications,
surgical techniques, and rehabilitation protocols.7 In this
regard, an improved understanding of the anatomy and
biomechanics of the PCL (where both bundles have been
reported to be codominant for the native biomechanics)
has led to the development of advanced surgical techniques
and rehabilitation protocols.9,19,27

Despite improvements in the understanding of PCL
anatomy and biomechanics and in surgical instrumentation
and techniques, outcomes of DB PCLR in a large patient
series is currently lacking in the literature. Therefore, the
purposes of this study were to report on the outcomes after
DB PCLR in isolated versus combined injuries and acute
versus chronic PCLR and to compare the outcomes of iso-
lated DB PCLR with those of isolated ACL reconstruction.
The hypothesis was that DB PCLR would result in
improved subjective clinical outcomes and restoration of
knee stability with low complication rates. Furthermore,
comparable results could be obtained from isolated and com-
bined PCLRs, performed acutely or chronically. Addition-
ally, it was hypothesized that results similar to those of
isolated ACL reconstructions could be obtained.

METHODS

Study Design

This prospective study was approved by our institutional
review board (No. 2002-03). Patients were included if they

underwent a primary endoscopic DB PCLR for complete
PCL tears (grade III)2 by a single surgeon (R.F.L.) between
May 2010 and March 2015. Indications for surgery were as
follows: isolated symptomatic acute grade III PCL tears (com-
parative kneeling radiographs with .8-mm difference), com-
bined reconstructions for multiligament lesions, or combined
reconstructions with repairable meniscal body tears in the
acute setting. Patients were excluded from the procedure if
they had arthritic changes greater than Kellgren-Lawrence
grade 2, previous ipsilateral knee surgery, or a previous
infection of the same joint. All patients who met inclusion cri-
teria underwent clinical examination, radiography (plain,
alignment, and posterior stress), and MRI before surgery.
All operations were performed as a single stage.

Consecutive isolated ACL reconstructions over the same
inclusion period (2010-2015) were selected to create a com-
parison group for the isolated PCLR group. In addition to
the aforementioned exclusion criteria, patients undergoing
isolated ACL reconstruction were excluded if they had any
concomitant full-thickness chondral lesions (International
Cartilage Repair Society grade IV), meniscus radial or
root tears, or other ligamentous pathology requiring sur-
gery at the time of ACL reconstruction.

Surgical Technique

The grafts were prepared on the back table: the anterolateral
bundle (ALB) graft was prepared from an Achilles tendon
allograft with an 11 mm–diameter and 20 mm–long calca-
neal bone plug, and the distal soft tissue aspect of the graft
was tubularized. The posteromedial bundle (PMB) graft
was prepared from a 7 mm–diameter soft tissue tibialis ante-
rior allograft by tubularizing each end of the graft.

Standard anterolateral and anteromedial arthroscopic
portals were created, and the femoral attachments of the
ALB and PMB were identified. The ALB attachment was
first outlined between the trochlear point and medial
arch point, adjoining the edge of the articular cartilage.3

The outline of the PMB attachment was then marked
approximately 5.8 mm proximal to the edge of the articular
cartilage of the medial femoral condyle and slightly poste-
rior to the ALB tunnel. Next, an 11 mm–diameter closed
socket tunnel was reamed to a depth of 25 mm for the
ALB bundle, and a 7-mm reamer was placed against the
previously outlined PMB to create the second tunnel of
the same depth. A 2-mm bone bridge was maintained
between the femoral tunnels (Figure 1).

To identify the tibial attachment, a posteromedial portal
was created to facilitate the identification and preparation
of the tibial PCL attachment site. A tibial guide pin was
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drilled, entering the anteromedial aspect of the tibia
approximately 6 cm distal to the joint line and exiting pos-
teriorly at the center of the PCL tibial attachment along
the PCL bundle ridge. A 12-mm acorn reamer was used
to overream the tibial guide pin under direct posterior
arthroscopic visualization (Figure 2).

Next, a large smoother (Gore Smoother Crucial Tool;
Smith & Nephew) was inserted up the tibial tunnel to facil-
itate graft passage, and the end of the smoother was passed
out the anterolateral arthroscopic portal. The PMB graft
was then fixed in the femoral tunnel with a 7 3 23–mm bio-
absorbable interference screw; then, the ALB graft was
fixed with a 7 3 20–mm titanium interference screw
(Arthrex Inc). After the grafts were fixed in the femoral tun-
nels, the sutures in the ends of both grafts were then passed
through the loop tip of the smoother. The smoother and the
graft sutures in its eyelet tip were pulled distally down the
tibial tunnel and out the anteromedial aspect of the tibia.
The grafts were cycled and individually secured with
a 6.5-mm cancellous bicortical screw and 18-mm spiked
washers. The ALB was secured first at 90� with an anterior
drawer force to reproduce the normal tibiofemoral step-off,
and then the PMB was secured at 0� (Figure 3).

Previously described techniques were utilized for ACL
reconstruction,8 posterolateral corner reconstructions,31 post-
eromedial reconstructions,32 and meniscal repair10 (Figure 3).

Postoperative Rehabilitation

Postoperatively, all patients remained nonweightbearing for
6 weeks. For the first 6 months postoperatively, a dynamic
PCL brace (PCL Rebound; Ossur Americas) was applied
and worn at all times, except during bathing and dressing.
Range of motion and edema control started on postoperative
day 1. Prone knee flexion was limited to 90� for the first 2
weeks; thereafter, knee motion was increased as tolerated.
Weightbearing was initiated at 6 weeks postoperatively
with low-resistance cycling on a stationary bike and leg

Figure 1. Schematic representation of the medial aspect of the femoral notch in a right knee demonstrating the sequence for
a double-bundle posterior cruciate ligament reconstruction. (A) A guide pin is inserted (through an 11-mm reamer between the
trochlear point and the medial arch point, adjacent to the cartilage) to re-create the anterolateral bundle (ALB). (B) Then, an
11 mm–diameter closed socket tunnel is reamed to a depth of 25 mm for the ALB. The posteromedial bundle (PMB) attachment
is reproduced next, approximately 5 mm posterior to the edge of the articular cartilage of the medial femoral condyle and distal to
the medial arch point (also with the help of a 7-mm reamer placed in the medial wall to assess for final position). (C) Finally,
a closed socket tunnel is reamed to a depth of 25 mm for the second tunnel (PMB). Of note, a bone bridge of 2 mm should
be always present between the tunnels.

Figure 2. Schematic representation of the tibial attachment
of the posterior cruciate ligament (PCL) for a double-bundle
PCL reconstruction. (A) A guide pin is drilled, entering the
anteromedial aspect of the tibia approximately 6 cm distal
to the joint line and exiting at the center of the PCL tibial
attachment along the PCL bundle ridge. Positioning of the
guide pin should be assessed with fluoroscopy (7 mm ante-
rior to the posterior cortex on the lateral view and medial to
the lateral eminence on the anteroposterior view). (B) Arthro-
scopically, the pin should exit at the center of the bundle
ridge, posterior to the shiny white fibers (SWF) and medial
to the lateral cartilage point. (C) Next, a 12-mm acorn reamer
was used to overream the tibial guide pin under direct poste-
rior arthroscopic visualization. CGD, champagne glass drop-
off; LM, lateral meniscus; MM, medial meniscus.
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presses performed to a maximum of 70� of knee flexion. Pro-
gressive evolution into low-impact knee exercises was
allowed as tolerated starting 12 weeks after surgery.

Six months postoperatively, patients were evaluated
clinically and with kneeling posterior stress radiographs.
Patients were allowed to discontinue the dynamic PCL
brace for routine daily use if the side-to-side difference
(SSD) in kneeling stress radiographs were \2 mm, and
they could initiate a jogging program, side-to-side activities,
and proprioceptive exercises. Functional testing (the Vail
Sports Test) was performed between 9 and 12 months post-
operatively to determine the ability of the patients to return
to full activities. The dynamic PCL brace was worn for
sporting activities for the first year of athletic competition.

Patient Demographics

Collected patient demographic information included sex,
age at time of surgery, and specific ligament injury pattern.
Concomitant chondral and meniscal pathology was identi-
fied and documented at the time of surgery. Furthermore,
patients were defined to have an acute injury if they under-
went reconstruction surgery within 6 weeks of the injury.14

Patient-Reported Outcomes

Patients completed a subjective outcome questionnaire pre-
operatively and at a minimum 2 years postoperatively that

included the Lysholm score, Tegner activity scale, WOMAC
(Western Ontario and McMaster Universities Osteoarthritis
Index), SF-12 PCS (12-item Short Form Health Survey
Physical Component Summary), and satisfaction with out-
come. Patient satisfaction with outcome was rated on
a 10-point scale (1, highly unsatisfied, up to 10, highly sat-
isfied). All patients were administered a questionnaire on
a tablet at the time of the office visit or via email.

Objective Measurements:
Kneeling Stress Radiographs

Bilateral posterior stress radiographs based on the kneel-
ing technique16 to measure posterior translation were
obtained preoperatively, 6 months postoperatively, and at
last follow-up (Figure 4).

This measurement technique has high intra- and inter-
observer reliability.16 SSD in posterior tibial translation of
8 to 12 mm has been associated with an isolated complete

Figure 3. (A) Anterior and (B) posterior views of the anatomic
double-bundle posterior cruciate ligament reconstruction.
The reconstructed anterolateral bundle (ALB) and postero-
medial bundle (PMB) are shown, as well as the size, shape,
and location of their femoral and tibial tunnels. The PMB
enters the tibial tunnel posteromedial to the ALB. The PMB
is posterior in the transtibial tunnel, exits deep to the ALB,
and then is fixed medially and distally to the ALB. Femoral
fixations of both bundles and the champagne glass drop-
off (CGD)—the anatomic landmark for transtibial tunnel drill-
ing—are also displayed. ACL, anterior cruciate ligament;
FCL, fibular collateral ligament; PFL, popliteofibular ligament;
PLT, popliteus tendon, pMFL, posterior meniscofemoral liga-
ment (ligament of Wrisberg).

Figure 4. Setup for PCL kneeling stress radiographs. Patient is
kneeling with his right limb on a custom-designed fixture that
allows the tibial tubercle to sit at the edge of the stand, leaving
the femoral aspect anterior against gravity. A PCL-deficient
knee will let the femur displace more distally in comparison
with the uninjured knee. PCL, posterior cruciate ligament.

Figure 5. PCL stress radiographs (kneeling) demonstrating
a side-to-side difference of 10.3 mm 2 years postoperatively
after a double-bundle PCL reconstruction of the left knee.
PCL, posterior cruciate ligament.
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PCL tear, and .12 mm has been reported with combined
posterolateral or posteromedial corner injuries30 (Figure 5).

Statistical Analysis

Postoperative outcome scales exhibited substantial skew,
so results were summarized with medians and quartiles.
To address this study’s hypotheses, group comparisons
involving postoperative outcomes were made with
Mann-Whitney U tests for independent samples and Wil-
coxon signed rank tests for change-from-baseline compar-
isons of patient-reported outcomes. To further aid in
interpretation of clinically relevant group differences,
95% bias-corrected and accelerated bootstrap CIs for the
difference in group medians were computed and plotted.
Preoperative outcome scales (except Tegner) were nor-
mally distributed and were compared between groups
with independent t tests. Fisher’s exact tests and chi-
square tests were used to compare binary and categorical
variables between groups, respectively. Statistical power
for the group comparisons was inferred by the CI widths.
Additionally, statistical power was considered a priori.
Based on the assumption of nonparametric 2-tailed test-
ing and an alpha of .05, 100 PCL patients were sufficient
to detect effect sizes (d) of 0.29 and 0.41 with 80% power
for matched pairs and independent samples tests, respec-
tively. Thus, we cannot rule out effect sizes smaller than

these values in our study. All graphs and analyses were
completed with the statistical package R (R Development
Core Team).28

RESULTS

PCLR Cohort and Control Group Demographics

There were 101 patients who met the inclusion criteria; 1
patient was unavailable for final follow-up, resulting in
a final cohort of 100 patients who underwent PCLR. A total
of 228 isolated ACL reconstructions over the same inclusion
period were identified. Of these 228 patients, 160 patients
met the inclusion criteria; 19 were lost to follow-up, leaving
141 patients. Table 1 reports patient demographics and con-
comitant injuries for the PCL and ACL reconstructions.

DB PCLR Cohort Patient-Reported Outcomes

After PCLR, the median Tegner activity score improved
from 2 to 5 (P \ .001), Lysholm from 48.0 to 86.0 (P \
.001), WOMAC from 35.5 to 5.0 (P \ .001), and SF-12
PCS from 34.0 to 54.8 (P \ .001). The mean SSD in poste-
rior tibial translation on stress radiographs was 11.0 6

3.5 mm preoperatively and 1.6 6 2.0 mm postoperatively
(P \ .001). Table 2 reports pre- and postoperative outcome
score summaries for the PCL group.

TABLE 1
Patient Demographics and Preoperative Outcome Scores

Demonstrating That the Initial Status of Both Cohorts Was Comparablea

Reconstruction Cohort

Variable PCL (n = 100) ACL (n = 141) P Value

Age, y, mean (range) 31.7 (14-66) 35.2 (14-81) .042b (MWU)
Sex, No. \.001b (FET)

Male 77 63
Female 23 78

Follow-up interval, y, mean (range) 2.9 (2-6) 3.1 (2-7) .289 (MWU)
Chronicity, No. .033 (FET)

Acute 52 93
Chronic 48 48

Meniscus tear distribution, No. .590 (x2)
None 45 55
Medial meniscus 23 39
Lateral meniscus 16 21
Medial and lateral meniscus 7 15

Outerbridge grade IV chondral lesions, No. 11c 0 N/A
Preoperative outcome scores, mean 6 SD

Tegner Activity Scaled 2 [1, 3] 2 [1, 5] .135 (MWU)
Lysholm score 49.6 6 25.1 51.0 6 23.2 .691 (t test)
WOMAC 38.7 6 27.9 35.2 6 23.1 .333 (t test)
SF-12 PCS 37.6 6 10.9 40.3 6 9.7 .015b (t test)

aACL, anterior cruciate ligament; FET, Fisher exact test; MWU, Mann-Whitney U test; N/A, not applicable; PCL, posterior cruciate lig-
ament; SF-12 PCS, 12-item Short Form Health Survey Physical Component Summary; WOMAC, Western Ontario and McMaster Univer-
sities Arthritis Index.

bP \ .05.
cFull-thickness lesions.
dMedian [first quartile, third quartile].
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Isolated PCL vs Combined PCLR Outcomes

The PCLR cohort (N = 100) was divided into patients who
underwent isolated PCLR (n = 31) and patients who had
a PCLR with concomitant ACL and/or collateral ligament
reconstructions (n = 69). The cohort that had an additional
procedure associated with a PCLR included the following:
19 PCL 1 ACL 1 fibular collateral ligament (FCL), 16
PCL 1 medial collateral ligament (MCL), 14 PCL 1 FCL,
8 PCL 1 ACL 1 MCL 1 FCL, 7 PCL 1 ACL 1 FCL, 2
PCL 1 PLC, 2 PCL 1 ACL, and 1 PCL 1 MCL 1 FCL.
Combined PCLR cases were more likely than isolated
PCLR to be acute (P \ .003). The mean SSD in preopera-
tive posterior tibial translation on stress radiographs was
8.7 6 1.9 mm for isolated PCL tears and 11.9 6 3.6 mm
for combined PCL tears with other ligamentous injuries.
The mean SSD in postoperative posterior tibial translation
on stress radiographs was 1.2 6 1.1 mm for isolated PCL
tears and 1.7 6 2.2 mm for combined PCL tears. Pre- to
postoperative improvement in posterior tibial translation
was significant for the isolated and combined PCL injury

groups (P \ .001). Table 3 presents summaries of pre-
and postoperative outcome scores for both groups. Figure
6 presents CIs for the difference in group medians for
each postoperative outcome scale.

Acute vs Chronic DB PCLR Outcomes

Fifty-two patients had a DB PCLR in the acute phase (\6
weeks), while 48 patients underwent surgery in the
chronic phase. Preoperatively, there was a significant dif-
ference in the Lysholm and WOMAC scores between the
acutely treated patients and those treated in the chronic
phase (each P � .001). At final follow-up, there was no sig-
nificant difference in the reported outcome scores between
acute and chronic reconstructions (all P values ..087),
except for Tegner scores (P \ .001) and patient satisfaction
(P = .011) (Table 4). The mean SSD in posterior tibial
translation on stress radiographs improved from 11.6 6

3.1 mm preoperatively to 1.9 6 2.5 mm postoperatively
(P \ .001) for acute PCL tears and from 10.3 6 3.7 mm

TABLE 2
Pre- and Postoperative Outcome Scores for All Patients Who Underwent
Double-Bundle Posterior Cruciate Ligament Reconstruction (N = 100)a

Score

Outcome Scale Preoperative Postoperative P Valueb

Tegner Activity Scale 2 [1, 3] 5 [3, 6.5] \.001
Lysholm score 48.0 [34.5, 68.5] 86 [70.0, 94.0] \.001
WOMAC 35.5 [12.3, 59.0] 5 [2, 13] \.001
SF-12 PCS 34.0 [29.1, 45.9] 54.8 [43.1, 57.8] \.001
Patient satisfaction N/A 9 [6, 10] N/A

aData presented as median [first quartile, third quartile]. N/A, not applicable; SF-12 PCS, 12-item Short Form Health Survey Physical
Component Summary; WOMAC, Western Ontario and McMaster Universities Arthritis Index.

bP values correspond to Wilcoxon signed rank test.

TABLE 3
Pre- and Postoperative Outcome Scores for Patients Who Underwent

Isolated or Combined Double-Bundle PCL Reconstructiona

Score

Outcome Scale Isolated PCL Reconstruction (n = 31) PCL-Based Multiligament Reconstructionb (n = 69) P Value

Preoperative
Tegner Activity Scale 2 [1, 3.5] 2 [0.5, 3] .441 (MWU)
Lysholm score 57.0 6 21.7 46.7 6 26.0 .058 (t test)
WOMAC 31.5 6 20.7 41.6 6 30.1 .072 (t test)
SF-12 PCS 38.2 6 10.8 37.4 6 11.1 .748 (t test)

Postoperative
Tegner Activity Scale 5 [3, 7] 5 [3, 6] .896 (MWU)
Lysholm score 87 [70, 95] 83.5 [70.5, 91] .229 (MWU)
WOMAC 3 [1, 13] 6 [2, 15] .268 (MWU)
SF-12 PCS 56.8 [46.6, 57.8] 53.4 [42.3, 57.6] .329 (MWU)
Patient satisfaction 9 [6, 10] 9 [6, 10] .663 (MWU)

aData presented as mean 6 SD or median [first quartile, third quartile]. MWU, Mann-Whitney U test; PCL, posterior cruciate ligament;
SF-12 PCS, 12-item Short Form Health Survey Physical Component Summary; WOMAC, Western Ontario and McMaster Universities
Arthritis Index.

bWith additional cruciate or collateral ligament reconstruction.
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to 1.2 6 1.0 mm (P \ .001) for chronic PCL tears. Table 4
and Figure 7 present comparisons between acute and
chronic DB PCLR groups

Isolated PCL vs Isolated ACL
Reconstruction Outcomes

The group undergoing isolated DB PCLR had significantly
more chronic injuries (P \ .001) and more male patients
(P \ .001) than the group undergoing isolated ACL recon-
struction. There was no significant difference in the pattern
of meniscus lesion involvement between the groups (P =
.826). There were also no significant differences between
patients who had an isolated DB PCLR and patients who
underwent an isolated ACL reconstruction at preoperative
status (all P values ..210). Patients in the isolated ACL
reconstruction cohort experienced a significant increase in
all outcome scores from pre- to postoperative status (P \
.001). The groups demonstrated no significant differences
in postoperative outcome scores (all P values ..064). Table
5 presents a comparison of pre- and postoperative outcome
scores between the groups, and Figure 8 illustrates the dif-
ferences in group medians with 95% CIs.

Complications

Six patients (6%) in the PCLR group had postsurgical com-
plications requiring additional surgery. Three patients had
a lysis-of-adhesions procedure for persistent stiffness at
a mean 3 years after the initial PCLR. One patient had
a revision PCL procedure after graft failure owing to tunnel
osteolysis. One patient had a revision popliteus reconstruc-
tion 3 years after index surgery for residual laxity. One
patient, who had a PCL/MCL reconstruction, sustained
a sports-related MCL retear requiring surgical intervention.

DISCUSSION

The most important findings of this study were that subjec-
tive and objective stability outcomes significantly improved

following anatomic DB PCLRs. Moreover, comparable
results were observed between both isolated and combined,
and acute and chronic DB PCLRs (with the exception of
Tegner and patient satisfaction in the chronic group). Out-
comes following isolated PCL reconstructions were not sig-
nificantly different when compared to isolated ACL
reconstructions.

Significantly improved subjective outcomes and functional
scores from the preoperative states occurred after a DB
PCLR. Furthermore, DB PCLRs significantly restored poste-
rior tibial translation as evaluated by kneeling stress radio-
graphs. The SSD in posterior tibial translation improved
from 11.0 mm preoperatively to 1.6 mm postoperatively.
These findings are consistent with biomechanical studies
demonstrating that a DB PCLR restores knee kinematics
to near normal.18 The use of a biomechanically validated
technique with an 11-mm Achilles allograft and a 7-mm
tibialis anterior allograft also provides a strong construct
that improves objective stability. The literature describes
other techniques that utilize smaller grafts15,24,34,38 with
improved outcomes.

Figure 6. Difference in medians for several outcome scales
between the isolated PCL group and the PCL-based com-
bined reconstruction group. Horizontal lines indicate 95%
bootstrap CIs. PCL, posterior cruciate ligament; SF-12
PCS, 12-item Short Form Health Survey Physical Component
Summary; WOMAC, Western Ontario and McMaster Univer-
sities Osteoarthritis Index.

Figure 7. Difference in medians for several outcome scales
between the acute and chronic PCL groups. Horizontal lines
indicate 95% bootstrap CIs. PCL, posterior cruciate liga-
ment; SF-12 PCS, 12-item Short Form Health Survey Physi-
cal Component Summary; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.

Figure 8. Difference in medians for several outcome scales
between the isolated ACL and PCL groups. Horizontal lines
indicate 95% bootstrap CIs. ACL, anterior cruciate ligament;
PCL, posterior cruciate ligament; SF-12 PCS, 12-item Short
Form Health Survey Physical Component Summary;
WOMAC, Western Ontario and McMaster Universities Oste-
oarthritis Index.
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Isolated and combined PCLRs demonstrated no signifi-
cant differences in outcome scores, despite a trend for
poorer scores in the latter group. In recent years, there
has been improvement in anatomic PCLRs,3 supported
by biomechanical studies,17,18 and postoperative rehabili-
tation and bracing,21 which potentially explains the
observed findings of improved objective and subjective out-
comes. A recent systematic review with meta-analysis
reported DB PCLR to have superior International Knee
Documentation Committee outcomes as compared with
single-bundle PCLR.7 Conversely, Spiridonov et al35

reported that combined PCL injuries had inferior outcomes

versus isolated PCLR; however, the authors included only
39 patients, as opposed to 100 patients in the present
study.

Acute and chronic DB PCLRs revealed no significant
differences in the reported outcome scores, except for
Tegner scores (P \ .001) and patient satisfaction (P =
.011). The mean postoperative SSDs in posterior tibial
translation on stress radiographs were 1.9 6 2.5 mm and
1.2 6 1.0 mm for acute and chronic PCL tears, respec-
tively. Importantly, .50% of PCL injuries were seen by
clinicians .1 year after injury.30 Although MRI has
a high diagnostic accuracy for acute PCL tears (.95%),

TABLE 4
Pre- and Postoperative Outcome Scores for Patients Who Underwent
Double-Bundle PCL Reconstruction in the Acute or Chronic Phasea

Score

Outcome Scale Acute PCL Reconstruction (n = 52) Chronic PCL Reconstruction (n = 48) P Value

Preoperative
Tegner Activity Scale 1 [0, 3.5] 2 [1, 3] .222 (MWU)
Lysholm score 41.6 6 28.6 58.2 6 17.4 .001b (t test)
WOMAC 48.4 6 29.7 28.6 6 22.1 \.001b (t test)
SF-12 PCS 36.8 6 11.4 38.6 6 10.4 .407 (t test)

Postoperative
Tegner Activity Scale 6 [4, 7] 4 [3, 6] \.001b (MWU)
Lysholm score 87 [75, 95] 81 [69, 91] .121 (MWU)
WOMAC 4 [1, 11.5] 7 [2, 16] .248 (MWU)
SF-12 PCS 56.5 [50.4, 57.8] 51.4 [40.9, 57.7] .087 (MWU)
Patient satisfaction 10 [9, 10]c 8 [5, 10] .011b (MWU)

aData presented as mean 6 SD or median [first quartile, third quartile]. MWU, Mann-Whitney U test; PCL, posterior cruciate ligament;
SF-12 PCS, 12-item Short Form Health Survey Physical Component Summary; WOMAC, Western Ontario and McMaster Universities
Arthritis Index.

bP \ .05.
cMean, 8.1 (range, 1-10).

TABLE 5
Pre- and Postoperative Outcome Scores for Patients Who Underwent

Isolated Double-Bundle PCL Reconstruction and Isolated ACL Reconstructiona

Score

Outcome Scale Isolated PCL Reconstruction (n = 31) Isolated ACL Reconstruction (n = 141) P Value

Preoperative
Tegner Activity Scale 2 [1, 3.5] 2 [1, 5] .575 (MWU)
Lysholm score 57.0 6 21.7 51.0 6 23.2 .210 (t test)
WOMAC 31.5 6 20.7 35.2 6 23.1b .411 (t test)
SF-12 PCS 38.2 610.8 40.3 6 9.7 .306 (t test)

Postoperative
Tegner Activity Scale 5 [3, 7] 6 [5, 7] .064 (MWU)
Lysholm score 87 [70, 95] 91 [84, 95] .194 (MWU)
WOMAC 3 [1, 13] 2 [0, 6] .181 (MWU)
SF-12 PCS 56.8 [46.6, 57.8] 56.5 [51.7, 57.8] .698 (MWU)
Patient satisfaction 9 [6, 10] 9 [7, 10] .309 (MWU)

aData presented as mean 6 SD or median [first quartile, third quartile]. ACL, anterior cruciate ligament; MWU, Mann-Whitney U test;
PCL, posterior cruciate ligament; SF-12 PCS, 12-item Short Form Health Survey Physical Component Summary; WOMAC, Western Ontario
and McMaster Universities Arthritis Index.

b[18, 52].
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the sensitivity in chronic cases is reported to be as low as
62.5%12 because the ligament tends to heal in an elongated
and attenuated condition, which might not be identifiable
in MRI scans.33,36 Use of stress radiographs is therefore
fundamental for evaluation to provide proper treatment,
which even in chronic cases can yield satisfactory out-
comes. Additionally, studies reported that performing liga-
ment reconstruction in a patient with a coronal or sagittal
malalignment leads to increased stress on the grafts and
thus a higher chance of graft failure.5,6,13,20,22,37 Thus,
long-limb alignment radiographs should be obtained to
address alignment disorders before or concurrently with
ligament reconstruction.5,6,37

With regard to the comparison of isolated PCL and ACL
reconstructions, the postoperative outcome scores were com-
parable. These findings demonstrate that, contrary to previ-
ous reports that PCLR produces less predictable results
than ACL reconstructions,23,25 significantly improved out-
comes can be achieved with DB PCLRs that are comparable
to those of ACL reconstructions. Owesen et al26 reported
that patients undergoing PCLR had the same improve-
ments in Knee injury and Osteoarthritis Outcome Score
as patients undergoing ACL reconstruction, although the
former had inferior pre- and postoperative scores. Arøen
et al4 reported inferior preoperative scores in PCL- versus
ACL-injured knees, using data from the Norwegian regis-
try; however, the present study revealed no significant dif-
ference in the preoperative outcome scores between the
isolated ACL reconstruction group and the DB PCLR group.

This study has some limitations. An experienced surgeon
(R.F.L.) in a tertiary referral center performed all surgical
procedures, potentially limiting generalizability. Further-
more, the Lysholm score has a known susceptibility to a ceil-
ing effect, which potentially leads to information loss and
reduced statistical power for group comparisons. However,
nonparametric statistical tools and bootstrap CIs mitigated
this potential bias as much as possible. Additionally, the uti-
lization of biomechanically and clinically validated recon-
struction techniques enhanced the external validity of this
study.

CONCLUSION

Significantly improved functional and objective outcomes
were observed after anatomic-based DB PCLR at a mean 3
years’ follow-up, with low complication rates, regardless of
concomitant ligamentous pathology or timing to surgery.
Additionally, contrary to previous reports, comparable subjec-
tive and functional clinical outcomes were achieved as com-
pared with an isolated ACL reconstruction control cohort.
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