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Abstract

Purpose: To compare subscales of the Knee injury and Osteoarthritis
Outcome Score (KOOS), concomitant injuries and failure rates between
patients undergoing primary and revision posterior cruciate ligament
reconstruction (PCLR).

Methods: This study was based on three major Scandinavian knee liga-
ment registries (Sweden, Norway, Denmark). Patients undergoing primary
and revision PCLR between 2005 and 2019 were included. Demographic
characteristics, concomitant injuries and KOOS subscales were queried.
A 3:1 propensity score matching was performed (i.e., three primary PCLR
patients were matched to one revision PCLR patient). Subjective treatment
failure was assessed at final follow-up and was defined as <44 points on the
KOOQOS knee-related quality of life (QoL) subscale.

Results: A total of 135 patients who underwent primary PCLR (mean age,
30.0 £ 11.0 years) were matched with 45 patients who underwent revision
PCLR (mean age, 29.0 + 10.5 years) and analysed after a mean follow-up of
21.7 £5.5 months. At the time of surgery, there was no difference in con-
comitant meniscus (40% vs. 36%, p=0.63), cartilage (12% vs. 4%,
p=0.15), anterior cruciate ligament (53% vs. 40%, p=0.13) and neuro-
vascular (1% vs. 7%, p=0.057) injuries. There were no between-group
differences in any preoperative KOOS subscales. Postoperatively, KOOS
QoL subscale was significantly lower after revision PCLR compared to
primary PCLR (35.9 £ 23.0 points vs. 51.7 £ 23.6 points, p =0.005). At final
follow-up, 55% and 70% of patients met the criterion for subjective treat-
ment failure after primary and revision PCLR, respectively (p =0.32).

Abbreviations: ACL, anterior cruciate ligament; ADL, activities of daily living; Cl, confidence interval; DKRR, Danish knee ligament reconstruction registry; IKDC,
International Knee Documentation Committee; KOOS, knee injury and osteoarthritis outcome score; MCID, minimal clinically important difference; MD, mean
difference; NKLR, Norwegian knee ligament register; PCL, posterior cruciate ligament; PCLR, posterior cruciate ligament reconstruction; PLC, posterolateral corner;
PMC, posteromedial corner; PROMs, patient-reported outcome measures; QoL, knee-related quality of life; SKLR, Swedish knee ligament register; Sport/Rec, sport
and recreation function; STROBE, strengthening the reporting of observational studies in epidemiology.
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revision PCLR.

KEYWORDS

INTRODUCTION

Encouraging clinical and functional improvements after
primary posterior cruciate ligament (PCL) reconstruction
(PCLR) have been reported in recent years, suggesting
that surgical treatment may be favourable over non-
surgical treatment in the setting of primary PCL injuries,
especially in young and athletic patients [10, 26, 28, 35].
However, PCLR failure rates of 2%—18%, which may be
as high as 50% when subjective failure is considered,
present a major therapeutic challenge to orthopaedic
surgeons treating patients with PCL injuries [10, 23, 33].

PCLR failure is a debilitating knee injury that
impairs function and quality of life, posing a sub-
stantial burden on affected patients [18, 25, 37].
Despite progress in the treatment of primary PCL
injuries, the body of evidence on the occurrence and
management of recurrent PCL injuries remains
insufficient [9, 36, 37]. To date, PCLR failure has been
defined heterogeneously and may refer to structural
failure (e.g., PCLR graft rupture), objective failure
(e.g., persistent or recurrent posterior knee laxity), or
subjective failure (poor functional outcomes) [23, 33].
While seldom discussed, the multifactorial nature of
PCLR failure has previously been described, and
includes bone tunnel malplacement, varus malalign-
ment, decreased posterior tibial slope and untreated
concomitant ligamentous injuries [24, 33, 38].

The contribution of anatomical factors, tibiofemoral
malalignment and persistent ligamentous instability is
consistent with the multifactorial aetiology of anterior
cruciate ligament (ACL) reconstruction failure [30, 34,
39, 40]. Large-scale studies have reported that revision
ACL reconstruction is associated with inferior clinical
outcomes and higher failure rates than primary ACL
reconstruction [14, 15, 21]. Given the low incidence of
PCL injuries requiring surgical treatment and the even
lower incidence of revision PCLR, studies comparing
primary and revision PCLR are sparse, and are limited
to small case series assessing revision PCLR out-
comes [7, 18, 25]. Although significant improvements in
patient-reported outcome measures (PROMs) and
posterior knee laxity have been reported, individuals
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Conclusion: Both primary and revision PCLR resulted in significant clinical
improvements. However, more than 50% of the patients in each group ex-
perienced subjective treatment failure, indicating generally poor prognostic
outcomes. Nevertheless, patients undergoing primary PCLR demonstrated
significantly better knee-related QoL compared to patients undergoing

Level of Evidence: Level I, prospective observational cohort study.
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can also suffer from considerable restrictions in physi-
cal activity after revision PCLR [7, 18, 25]. Additionally,
only 65% of patients were reported to achieve a patient
acceptable symptom state after revision PCLR, and
almost 15% of patients required revision surgery [7, 9].
The previous findings prompt critical assessment of the
clinical efficacy of revision PCLR compared to pri-
mary PCLR.

The purpose of this study was to compare sub-
scales of the Knee injury and Osteoarthritis Outcome
Score (KOOS), concomitant injuries and failure rates
between patients undergoing primary and revision
PCLR after a minimum 1-year follow-up. It was hy-
pothesised that revision PCLR results in inferior KOOS
subscales, more concomitant injuries and a higher
failure rate than primary PCLR.

MATERIALS AND METHODS

This prospective observational cohort study was
approved by the ethical review authorities of Sweden
(No.: 2020-03559; 2021-01002). The manuscript was
prepared according to the strengthening the reporting
of observational studies in epidemiology (STROBE)
cohort reporting guidelines [31].

Three Scandinavian knee ligament registries,
including the Swedish knee ligament register (SKLR)
[1], Norwegian knee ligament registry (NKLR) [12] and
Danish knee ligament reconstruction registry (DKRR)
[19], were used in this study. Detailed information on
the SKLR, NKLR and DKRR has previously been
described elsewhere [1, 12, 23, 27, 29, 32]. The key
characteristics of the registries are outlined below.

Swedish Knee Ligament Register (SKLR)

The SKLR represents a nationwide database initiated
in 2005 with prospectively collected patient-, injury-
and surgical-related data on knee ligament injuries.
Private and public hospitals across Sweden partici-
pate in the data collection on a voluntary basis.
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Preoperatively and 1, 2, 5 and 10 years post-
operatively KOOS subcales are collected [29, 32]. A
registration rate for ACL reconstructions >90% has
been reported [1], suggesting a similarly high capture
rate for PCLR.

Norwegian Knee Ligament Registry (NKLR)

The NKLR was initiated in 2004. The NKLR prospec-
tively collects data from patients undergoing cruciate
ligament surgery across Norway. Since 2017, data
registration has been mandatory for public and private
hospitals in Norway. Demographic, surgical-related and
clinical data including subsequent knee surgery and
revision surgery are collected by the surgeon. Pre-
operatively and 2, 5 and 10 years postoperatively
KOOS subcales are collected. A registration rate of up
to 98% has been reported [12, 23].

Danish Knee ligament Reconstruction
Registry (DKRR)

The DKRR is a prospective nationwide database
recording primary and revision knee ligament re-
constructions across Denmark that was initiated in
2005. Registration to the DKRR is mandatory for
public and private hospitals and a registration rate
of 85%-92% has been reported. Demographic,
surgical-related and clinical data are collected by the
surgeon. Preoperatively and 1, 5 and 10 years
postoperatively KOOS subcales and the Tegner
acitivity scale are collected [27].

Inclusion and exclusion criteria

Patients undergoing primary or revision PCLR
between 2005 and 2019 that were registered in the
SKLR, NKLR or DKRR were screened for eligibility.
Both patients with isolated and combined PCLR that
had a minimum one-year follow-up were included in
the study. Fractures, tendon injuries, infectious or
inflammatory arthritis, concurrent osteotomy and
missing data resulted in exclusion from the study.

Outcome measures

The KOOS subscales symptoms, pain, activities of
daily living (ADL), sport and recreation function (Sport/
Rec) and knee-related quality of life (QoL) were
obtained from the SKLR, NKLR and DKRR at baseline
(preoperatively) and at the available registry-specific
follow-ups. Given varying follow-ups across the three
registries, a mean follow-up time was calculated. The
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KOOS QoL subscale was considered the primary out-
come measure. According to a previous study, <44
points on the KOOS QoL subscale was defined as
subjective treatment failure [23]. In addition, demo-
graphic data (e.g., age at the time of surgery), injury
mechanism and concomitant injuries (e.g., ACL,
meniscus and cartilage injury at the time of surgery)
were collected from the respective registries.

Propensity score matching

Given the expected low number of patients undergoing
revision PCLR and to reduce selection bias between
groups, a 3:1 caliper matching was performed (i.e.,
three primary PCLR patients were matched to one
revision PCLR patient). Caliper matching is a specific
form of propensity score matching, in which a maxi-
mum allowable difference (i.e., caliper) in the propen-
sity score between matched individuals is predefined.
Caliper matching ensures that only patients with suffi-
ciently similar baseline characteristics are matched [2].
Exact matching was performed on key clinical variables
including sex, country (i.e., Sweden, Norway or Den-
mark), and the presence of concomitant meniscal or
cartilage injuries. For the age at surgery, a tolerance of
+0.5 on the natural logarithmic scale of age was
allowed, enabling a controlled yet flexible age match. In
addition, the matching algorithm was optimised for
concomitant neurovascular injuries, side of injury and
injury mechanism.

Statistical analysis

G*Power (Erdfelder, Faul, Buchner, Lang, HHU Dus-
seldorf) was used for a priori sample size calculation.
According to a previous study evaluating outcomes of
PCLR, a difference of 10 points in the KOOS QoL
subscale was considered clinically relevant [20]. In
addition, a standard deviation of 25 points for the
KOOS QoL subscale was assumed based on a previ-
ous study for a priori sample size calculation [23]. The
KOOS QoL subscale was used for sample size calcu-
lation as it was defined as the primary outcome
measure and has been shown to have the largest effect
size [8]. To achieve a statistical power of 0.8, a total
sample size of 52 patients was required (effect size,
0.4; level of significance, 0.05).

Categorical variables were presented as count (n)
and proportion (%). Continuous variables were pre-
sented as mean, standard deviation (SD) and range.
For comparison between groups (primary PCLR vs.
revision PCLR) Fisher's Exact test was used for
dichotomous variables and the Chi-Square test was
used for non-ordered categorical variables. Group
comparison of continuous variables was performed
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using the Fisher's non Parametric permutation test.
The confidence interval (Cl) for then mean difference
between groups is based on Fishers non-parametric
permutation test. KOOS subscales over time
(preoperative vs. final follow-up) were compared using
the Wilcoxon Signed Rank test. Statistical analysis
was performed using the SAS statistical analysis
system (SAS/STAT, V.9.4; SAS Institute). The level of
significance was set at p <0.05.

RESULTS

A total of 428, 789 and 833 patients from the SKLR,
NKLR and DKRR, respectively, were screened for
eligibility for this study. After excluding 1213 patients, a
total of 837 patients were included in this study. De-
tailed information on patient enrollment is shown in
Figure 1.

Primary PCLR was performed in 792 patients with
a mean age of 33.1 £ 12.6 years at the time of surgery.
Revision PCLR was performed in 45 patients with a
mean age of 29.0 + 10.5 years at the time of surgery.
Patients who underwent revision PCLR were on
average 4.1 years younger than patients undergoing
primary PCLR (95% confidence interval [CI]: 0.40;
7.85 years; p=0.030). In both primary and revision
PCLRs, male patients were predominant, and sports-
related injuries represented the most common injury
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mechanism. After propensity score matching, 135
patients with primary PCLR and 45 patients with
revision PCLR were analysed and no between-group
differences were found in demographic variables.
Demographic data before and after propensity score
matching can be found in Table 1.

Concomitant injuries and surgical
procedures

ACL (52%) and meniscus injuries (40%) were the most
frequent concomitant injuries in patients who under-
went primary and revision PCLR. Cartilage injuries
occured more frequently in the primary PCLR group
(12% vs. 4%, p = 0.15), whereas neurovascular injuries
occurred more frequently in the revision PCLR (1% vs.
7%, p=0.057) group, but the difference was not sta-
tistically significant. No statistically significant differ-
ences in concomitant injuries and surgical procedures
between primary and revision PCL reconstruction were
observed before and after propensity score matching
(Table 2).

Clinical outcomes and treatment failure

KOOS subscales were analysed preoperatively and
after a mean follow-up of 21.0+6.2 months before

[ Database Query ] I

Patients screened for eligibility (n = 2050)

(n=789)

NKLR DKRR
(n=833)

SKLR
(n=428)
Patients excluded (n =273):
- Fracture (n =30)

- Tendon injury (n = 3)
- Missing data (n = 240)

Patients excluded (n = 343):
- Fracture (n =18)

- Tendon injury (n=7)

- Missing data (n = 318)

Patients excluded (n = 597):
- Fracture (n =0)

- Tendon injury (n = 0)

- Missing data (n = 597)

Enrollment

Patients included from SKLR
(n = 155)

Patients included from NKLR
(n = 446)

Patients included from DKRR
(n=236)

A

Patients included
(n=837)

. . Primary PCLR

[ Before propensity score matching ] (n=792)
After propensity score matching Primary PCLR

(3 primary : 1 revision PCLR ) (n=135)

FIGURE 1

ZN

Revision PCLR
(n = 45)

l

Revision PCLR
(n=45)

Flowchart of patient enroliment. DKRR, Danish Knee Ligament Reconstruction Registry; NKLR, Norwegian knee ligament

registry; PCLR, posterior cruciate ligament reconstruction; SKLR, Swedish knee ligament register.
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TABLE 1

Before propensity score matching
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Demographic data before and after propensity score matching.

After propensity score matching

Total Primary Revision

Variable (N=837) PCLR (n=792) PCLR (n=45)
Register

SKLR, n (%) 155 (19%) 148 (19%) 7 (16%)

NKLR, n (%) 446 (53%) 419 (53%) 27 (60%)

DKRR, n (%) 236 (28%) 225 (28%) 11 (24%)
Age,? (years) 329+12.5 33.1+12.6 29.0+10.5
BMI, (kg/m?) 271+7.2 272+7.3 256145
Injury to surgery, 2.5+4.0 25+4.1 20+£25
(years)
Males, n (%) 528 (63%) 502 (63%) 26 (58%)
Right knee, n (%) 404 (48%) 385 (49%) 19 (42%)
Injury mechanism

Sports related, 475 (57%) 449 (57%) 26 (58%)

n (%)

Traffic related, 171 (21%) 159 (20%) 12 (27%)

n (%)

Other, n (%) 182 (22%) 175 (22%) 7 (16%)

Primary

Total PCLR Revision
p-value (n=180) (n=135) PCLR (n=45) p-value
0.69 >0.99

28 (16%) 21 (16%) 7 (16%)

108 (60%) 81 (60%) 27 (60%)

44 (24%) 33 (24%) 11 (24%)
0.030 29.8+10.8 30.0+11.0 29.0+10.5 0.61
0.24 258+4.7 259+438 256145 0.79
0.68 23+27 2427 2.0+25 0.63
0.54 104 (58%) 78 (58%) 26 (58%) >0.99
0.50 84 (47%) 65 (48%) 19 (42%) 0.61
0.42 0.97

101 (56%) 75 (56%) 26 (58%)

50 (28%) 38 (28%) 12 (27%)

29 (16%) 22 (16%) 7 (16%)

Note: Categorical variables are expressed as count (percentage). Continuous variables are expressed as mean + standard deviation.
Abbreviations: BMI, body-mass-index; DKRR, Danish knee ligament reconstruction registry; NKLR, Norwegian knee ligament registry; PCLR, posterior cruciate

ligament reconstruction; SKLR, Swedish knee ligament register.
2Age at surgery.

propensity score matching and 21.7 £ 5.5 months after
propensity score matching.

Statistically significant improvements in the KOOS
subscales pain (mean difference [MD] 10.2, 95% CI
[8.4; 12.0]), Sport/Rec (MD 18.4, 95% CI [15.9; 20.9]),
QoL (MD 21.8, 95% CI [19.5; 24.1]) and ADL (MD 12.1,
95% CI [10.2; 14.0]) were observed from baseline to
final follow-up (all p<0.001) after primary PCLR. After
revision PCLR, statistically significant improvements
from baseline to final follow-up in the KOOS subscales
Sport/Rec (MD 17.2, 95% CI [4.4; 29.6]), QoL (MD
10.6, 95% CI [1.7; 19.3]) and ADL (MD 11.7, 95% ClI
[1.1; 22.1]) were found (all p<0.05, Table 3).

Preoperatively, no statistically significant differ-
ences were found between primary and revision PCL
reconstruction for all KOOS subscales before and
after propensity score matching. At final follow-up,
the KOOS QoL subscale was found to be significantly
inferior after revision PCL reconstruction compared
to primary PCL reconstruction before (35.9 +23.0 vs.
51.2+24.1, p=0.002) and after (35.9+23.0 vs.
51.7+23.6, p=0.005) propensity score matching
(Figure 2). No differences were observed for the
other KOOS subscales (Table 3).

Preoperatively, 84% of both primary and revision
PCL reconstruction patients fulfilled the criterion for

subjective treatment failure (KOOS QoL subscale <44
points), both before and after propensity score match-
ing. At final follow-up, subjective treatment failure was
observed in 47% of patients who underwent primary
PCLR and in 70% of patients who underwent revision
PCLR (p=0.051) before propensity score matching.
After propensity score matching, subjective treatment
failure at final follow-up was observed in 55% and 70%
of patients with primary and revision PCLR, respec-
tively (p=0.32).

DISCUSSION

The most important finding of this study was that sig-
nificant improvements in PROMs can be expected after
both primary and revision PCLR. However, short-term
subjective outcome is inferior after revision compared
to primary PCLR. In particular, there was impairment in
knee-related QoL observed after revision PCLR, with
more than two thirds of patients meeting the criterion
for subjective treatment failure (KOOS QoL < 44 points)
at the final follow-up. Notably, even after primary
PCLR, despite overall improvement in KOOS sub-
scales, more than half of the patients fulfilled the cri-
terion for subjective treatment failure, underscoring that
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TABLE 2 Concomitant injuries and surgical procedures before and after propensity score matching.

Before propensity score matching After propensity score matching
Primary Primary
Total PCLR Revision Total PCLR Revision
Variable (N=2837) (n=792) PCLR (n=45) p-value (n=180) (n=135) PCLR (n=45) p-value
PCL graft, n (%) 0.12 0.14
BPTB autograft, n (%) 2 (<1%) 2 (<1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Hamstring autograft, 166 (20%) 162 (20%) 4 (9%) 27 (15%) 23 (17%) 4 (9%)
n (%)
QT autograft, n (%) 71 (8%) 66 (8%) 5 (11%) 16 (9%) 11 (8%) 5 (11%)
Allograft, n (%) 115 (14%) 106 (13%) 9 (20%) 24 (13%) 15 (11%) 9 (20%)
Other, n (%) 37 (4%) 37 (5%) 0 (0%) 5 (3%) 5 (4%) 0 (0%)
Missing, n (%) 446 (53%) 419 (53%) 27 (60%) 108 (60%) 81 (60%) 27 (60%)
Meniscus injury, n (%) 336 (40%) 320 (40%) 16 (36%) 0.63 64 (36%) 48 (36%) 16 (36%) >0.99
Medial, n (%) 59 (7%) 57 (7%) 2 (4%) 7 (4%) 5 (4%) 2 (4%)
Lateral, n (%) 64 (8%) 59 (7%) 5 (11%) 20 (11%) 15 (11%) 5 (11%)
Both, n (%) 213 (25%) 204 (26%) 9 (20%) 0.59 37 21%) 28 (21%) 9 (20%) >0.99
Cartilage injury, n (%) 100 (12%) 98 (12%) 2 (4%) 0.15 8 (4%) 6 (4%) 2 (4%) >0.99
Patella, n (%) 24 (3%) 23 (3%) 1 (2%) >0.99 3 (2%) 2 (2%) 1 (2%) >0.99
Trochlea, n (%) 17 (2%) 16 (2%) 1 (2%) >0.99 1 (1%) 0 (0%) 1 (2%) 0.50
Medial femoral 47 (6%) 46 (6%) 1 (2%) 0.53 5 (3%) 4 (3%) 1 (2%) >0.99
condyle, n (%)
Lateral femoral 14 (2%) 14 (2%) 0 0.92 0 (0%)
condyle, n (%)
Medial tibal condyle, 21 (3%) 20 (3%) 1 (2%) >0.99 1(1%) 0 (0%) 1(2%) 0.50
n (%)
Lateral tibal condyle, 6 (1%) 6 (1%) 0 >0.99 0 (0%)
n (%)
Neurovascular injury, 13 (2%) 10 (1%) 3 (7%) 0.057 6 (3%) 3 (2%) 3 (7%) 0.33
n (%)
ACL injury, n (%) 435 (52%) 417 (53%) 18 (40%) 0.13 92 (51%) 74 (55%) 18 (40%) 0.12
Meniscus treatment 0.86 0.74
No treatment, n (%) 221 (66%) 209 (65%) 12 (75%) 41 (64%) 29 (60%) 12 (75%)
Repair, n (%) 48 (14%) 46 (14%) 2 (13%) 11 (17%) 9 (19%) 2 (13%)
Partial resection, 61 (18%) 59 (18%) 2 (13%) 10 (16%) 8 (17%) 2 (13%)
n (%)
Repair + partial 6 (2%) 6 (2%) 0 2 (3%) 2 (4%) 0 (0%)
resection, n (%)
Cartilage treatment 0.77 0.64
Debridement, n (%) 27 (13%) 26 (13%) 1 (7%) 4 (11%) 3 (14%) 1 (7%)
Microfracture, n (%) 4 (2%) 4 (2%) 0
No treatment, n (%) 181 (85%) 168 (85%) 13 (93%) 31 (89%) 18 (86%) 13 (93%)
ACL reconstruction, 396 (47%) 380 (48%) 16 (36%) 0.14 85 (47%) 69 (51%) 16 (36%) 0.10

n (%)

Note: Categorical variables are expressed as count (percentage).
Abbreviations: ACL, anterior cruciate ligament; BPTB, bone-patellar tendon-bone; PCL, posterior cruciate ligament; PCLR, posterior cruciate ligament
reconstruction; QT, quadriceps tendon.
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TABLE 3 KOOS subscales before and after propensity score matching.

Variable

Before propensity score matching

After propensity score matching
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Total
(N=837)

Preoperative KOOS subscales

Primary

Revision

PCLR (n=792) PCLR (n=45)

Symptoms 66.3+17.8 66.4+17.6 64.0+20.7
Pain 63.4+20.6 63.6+20.4 60.0+23.0
ADL 68.4+22.3 68.4+22.2 67.5+24.9
Sport/Rec 259+24.8 26.2+24.8 2194250
QoL 28.4+18.9 28.5+19.0 27.9+17.6
Postoperative KOOS subscales
Symptoms 67.9+19.4 68.2+19.2 61.6+23.2
Pain 74.3+19.5 7461194 68.8+21.2
ADL 81.7+19.0 81.8+18.8 80.0+22.1
Sport/Rec 43.5+28.5 43.8+28.4 37.5+30.9
QoL 50.5+24.2 51.2+24.1 35.9+23.0

Total Primary Revision

p-value (n=180) PCLR (n=135) PCLR (n=45) p-value
0.39 67.5+18.5 68.7+17.6 64.0+20.7 0.14
0.27 63.0+21.2 63.9+20.6 60.0+23.0 0.29
0.76 68.5+23.7 68.8+23.3 67.5+24.9 0.74
0.24 25.0+£25.1 26.0+25.1 21.9+25.0 0.36
0.92 28.0+19.1 28.1+19.7 27.9+17.6 1.00
0.11 66.5+19.3 67.9+18.0 61.6+23.2 0.16
0.20 73.5£19.3 74.8+18.7 68.8+21.2 0.21
0.64 81.7+18.7 82.2+17.7 80.0+22.1 0.59
0.34 42.0+£29.9 43.2+29.7 37.5+30.9 0.45
0.002  48.1+243 51.7+23.6 35.9+23.0 0.005

Note: Continuous variables are expressed as mean * standard deviation.

Abbreviations: ADL, activities of daily living; KOOS, Knee injury and osteoarthritis outcome score; PCLR, posterior cruciate ligament reconstruction; QoL, knee-

related quality of life; Sport/Rec, sport and recreation function.
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FIGURE 2 KOOS QoL subscale preoperatively and at final follow-up before (a) and after (b) propensity score matching. The dotted line
indicates the threshold value for subjective treatment failure (KOOS QOL <44 points). KOOS, knee injury and osteoarthritis outcome score;
QoL, knee-related quality of life; *, statistically significant difference (p <0.05).

knee-related QoL remains limited after PCLR. This
clinically meaningful finding highlights the substantial
residual symptom burden following PCLR.

These results are concordant with existing literature
suggesting considerable functional impairment associ-
ated with PCLR failure [18, 25]. One study investigated
40 patients with 52 failed surgical procedures (i.e.,
PCLR, PCL repair etc.) for the treatment of PCL injuries
[24]. The authors reported that surgical failure was
multifactorial, with concomitant ligamentous injuries,
bone tunnel misplacement and varus malalignment
being the most common contributing factors. An aver-
age of 42 months after the failed PCL surgery, 71% of

patients reported moderate to severe pain during daily
activities, 75% had ceased sports activities and 49%
rated their knee condition as poor [24]. These findings
are consistent with other studies that have reported
similarly poor outcomes after failed PCLR [7, 18]. In the
present study, no significant differences in preoperative
KOOS subscales were found between patients under-
going primary and revision PCLR. However, 84% of
patients in both groups met the criterion of subjective
treatment failure preoperatively. Taken together, PCLR
failure is associated with substantial limitations in
quality of life, activities of daily living and physical
activity. Impairment in knee-related QoL appears to be
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even more pronounced in the case of recurrent
PCL insufficiency, as in failed PCLR. The high rate
of patient-reported suboptimal outcomes warrants
comprehensive patient assessment and subsequent
revision PCLR, addressing concomitant factors pre-
disposing patients to multiple PCLR failures.

A recent study retrospectively evaluated midterm
outcomes in 17 patients undergoing revision PCLR
using a single-bundle transtibial technique. After a
mean follow-up of 11.5 years, revision PCLR resulted
in significant improvements in the International Knee
Documentation Committee (IKDC) Subjective Knee
Form (34.9+6.8 vs. 75.3+15.7) and Lysholm Score
(38.1+10.0 vs. 88.5+7.6). In addition, significantly
improved posterior knee laxity assessed by stress
radiography (10.8 £2.1 vs. 2.9 £ 1.1 mm) was observed
after revision PCLR [7]. Another study evaluated 22
patients undergoing revision PCLR using a double-
bundle tibial-inlay technique after a minimum 2-year
follow-up. Significant improvements in subjective and
objective clinical outcomes were reported. At the final
follow-up, 77% of patients could return to normal
activities of daily living and 14% of patients were
classified as poor according to the Orthopadische Ar-
beitsgruppe Knie scoring system [18]. The referenced
studies represent small case series without comparison
between primary and revision PCLR [6, 18]. In the
present study, significant improvements in KOOS sub-
scales after both primary and revision PCLR were
found. In addition, significantly worse results were
observed in the KOOS QoL subscale after revision
compared to primary PCLR highlighting the severe ef-
fects of PCLR failure. Although no minimal clinically
important difference (MCID) values have been specifi-
cally established for KOOS subscales following iso-
lated or primary PCLR, Lind et al. [20] considered an
improvement of 10 points in the KOOS QoL subscale to
be clinically relevant. Furthermore, a recent systematic
review synthesising MCID values after knee ligament
reconstruction reported a MCID of 12.4 points for the
KOOS QoL subscale [22]. Considering these reference
values, the observed improvements in the KOOS QoL
subscale in this study indicate a clinically relevant
change after primary PCLR (pre- to postoperative,
28.1+19.7 vs. 51.7 £ 23.6), but not after revision PCLR
(pre- to postoperative, 27.9+17.6 vs. 35.9£23.0).

A recent study from the NKLR reported that sub-
jective treatment failure (KOOS QoL <44 points) and
objective treatment failure (revision surgery) can be
found in up to 50% and 4% of patients 2 years after
primary PCLR, respectively [23]. The findings align with
the present study, showing subjective treatment failure
in 47% of patients before and 55% of patients after
propensity score matching after primary PCLR. The
rate of subjective treatment failure was even higher
after revision PCLR, affecting 70% of patients.
Although no statistically significant difference in the

PRIMARY VERSUS REVISION PCL RECONSTRUCTION

proportion of patients fulfilling the criterion for subjec-
tive treatment failure was observed between primary
and revision PCLR, the high proportion in both groups
highlights a generally unsatisfactory level of patient-
perceived outcome. This underscores that subjective
treatment failure represents a major clinical concern
after PCLR, independent of surgical status, and should
be interpreted separately from KOOS QoL subscale,
which did show group differences.

Revision PCLR is indicated in symptomatic patients
after failed primary PCLR and has been considered as
a salvage procedure [25]. Previous studies have
demonstrated that primary PCLR failure is multi-
factorial, with many contributing factors being surgically
modifiable [7, 24, 33]. This study demonstrated that
clinical outcomes and in particular the knee-related
QoL are inferior after revision compared to primary
PCLR. Cumulatively, these findings underscore the
importance of a comprehensive diagnostic work-up
and precise surgical technique in primary PCLR.
Notably, concomitant injuries to the posterolateral cor-
ner (PLC) and posteromedial corner (PMC) of the knee
have been reported in approximately 64% and 58%,
respectively, of patients with an acute PCL injury [4].
Such associated injuries have been shown to alter
knee kinematics and adversely affect clinical outcomes
following isolated PCLR [11, 17]. Moreover, combined
PCL and PLC/PMC injuries are challenging to detect
[5], which may increase the risk of these concomitant
injuries being overlooked during the initial diagnostic
workup. Modifiable risk factors should be identified
after primary PCL injury and if necessary addressed
during primary PCLR to optimise outcomes and mini-
mise the risk of PCLR failure.

Limitations

Although three major Scandinavian knee ligament
registries were used for patient enrollment in this
study, the number of patients remains limited. Addi-
tionally, well-known limitations of registry studies
such as the risk of selection bias, confounding fac-
tors like the criteria for treatment decision-making,
and missing data have to be acknowledged [3].
However, major strengths of this study include the
combination of data from three national knee liga-
ment registries, which enhances the generalisability
of the findings, and the use of propensity score
matching, which helps to reduce the risk of bias. The
absence of information of modifiable risk factors is
another limitation. Moreover, the KOOS subscales
represent subjective treatment outcomes, which may
not accurately reflect the patient's actual clinical
condition. Although the cut-off for subjective treat-
ment failure used in this study has been reported
previously [23], it is important to note that this
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threshold was originally defined for subjective treat-
ment failure after ACL reconstruction and may not
accurately reflect PCLR failure [13]. Another limita-
tion is the heterogeneity of injury patterns, as more
than half of the patients had concomitant ACL injury.
Although previous studies have shown comparable
results between isolated and combined PCLR
[16, 33], this heterogeneity may have biased the
results and should be considered when interpreting
the findings of this study. Yet the findings of this
study represent the first and largest comparison of
primary and revision PCLR to date and provide
helpful insights about patient outcomes and short-
term prognosis after primary and revision PCLR.

CONCLUSIONS

Both primary and revision PCLR resulted in signifi-
cant clinical improvements. However, more than 50%
of the patients in each group experienced subjective
treatment failure, indicating generally poor prognostic
outcomes. Nevertheless, patients undergoing pri-
mary PCLR demonstrated significantly better knee-
related QoL compared to patients undergoing
revision PCLR.
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