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Abstract
Purpose  To compare demographic characteristics and concomitant injury patterns in patients undergoing primary isolated 
posterior cruciate ligament reconstruction (PCL-R) and combined posterior cruciate ligament (PCL) and anterior cruciate 
ligament (ACL) reconstruction (PCL-R/ACL-R) with isolated ACL reconstruction (ACL-R) as a reference using data from 
the Swedish National Knee Ligament Registry (SNKLR).
Methods  This cohort study based on the SNKLR comprised patients undergoing either PCL-R, ACL-R, or combined 
PCL-R/ACL-R between January 1, 2005 and December 31, 2019 in Sweden. Demographic and surgery-related data with 
regards to injury mechanism, concomitant intraarticular lesions and their treatment, neurovascular damage, and concomitant 
ligamentous injuries were extracted. Exclusion criteria included concomitant fractures of the femur, fibula, patella or tibia, 
and quadriceps or patellar tendon injury.
Results  A total of 45,564 patients were included in this study. Isolated PCL-R, combined PCL-R/ACL-R, and isolated 
ACL-R were performed in 192 (0.4%), 203 (0.5%) and 45,169 (99.1%) patients, respectively. Sports were identified as the 
cause of 64% of PCL-Rs, 54% of PCL-R/ACL-Rs, and 89% of ACL-Rs, while a traffic-related mechanism was identified 
in 20% of PCL-Rs, 27% of PCL-R/ACL-Rs and 2% of ACL-Rs. Meniscus injury prevalence was 45% in ACL-Rs, 31% in 
PCL-R/ACL-Rs and 16% in isolated PCL-Rs (p < 0.001). Cartilage injuries were more common in PCL-R (37%) and PCL-R/
ACL-R patients (40%) compared to ACL-R patients (26%, p < 0.001). Concomitant knee ligament injury was identified in 
28–44% of PCL-R/ACL-R patients. Neurovascular injuries were present in 9% of PCL-R/ACL-Rs, 1% of PCL-Rs, and 0.3% 
of ACL-Rs (p < 0.001).
Conclusion  Differences in injury mechanisms among patient groups confirm that operatively treated PCL tears are frequently 
caused by both traffic and sports. Cartilage and ligament injuries were more frequent in patients with PCL-R compared 
to ACL-R. Consequently, combined PCL and ACL tears should raise suspicion for concomitant knee lesions with clinical 
relevance during the operative treatment of these complex injuries.
Level of evidence  III.

Keywords  Posterior cruciate ligament · Knee ligament · Epidemiology · Injury mechanism · Ligament registry · 
Multiligament knee injury
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Introduction

Despite being considered a rare injury overall with a 1–6% 
estimated incidence, posterior cruciate ligament (PCL) 
tears are devastating knee injuries with a detrimental effect 
on subsequent knee function [7, 20, 26]. During the 2010s, 
several studies conducted on national knee ligament reg-
istries have provided novel information on injury patterns 
and clinical outcomes of operatively treated PCL injuries 
[3, 14, 16, 27]. A larger cross-sectional area and tensile 
strength of the PCL compared to that of the anterior cru-
ciate ligament (ACL) renders it more resistant to tears, 
leading to PCL tears most commonly occurring during 
high-intensity sport and traffic-related traumas. Contrary 
to the traditional view that PCL tears are mainly the result 
of traffic accidents, the majority of operatively treated PCL 
injuries are caused by sports activity [14, 16, 22].

A non-operative approach is generally preferred for the 
initial treatment of PCL tears; however, isolated PCL tears 
are responsible for 38% of operatively treated PCL injuries 
in Scandinavia [16]. Although isolated PCL reconstruction 
(PCL-R) has demonstrated similar improvement in subjec-
tive outcomes as isolated ACL reconstruction (ACL-R), 
inferior preoperative knee function has been reported in 
patients who undergo PCL-R [3]. While these findings 
denote the detrimental effect of PCL tears on the knee 
joint, the exact factors responsible for inferior knee func-
tion and return to sport rate in this patient population are 
currently unknown [6]. Intra-articular pathology and con-
comitant knee ligament injuries are frequent findings [10, 
16, 19, 24] with a well-established negative impact on 
knee function. However, a recent study from the Danish 
Knee Reconstruction Registry reported isolated PCL tears 
to display lower rates of damage to the menisci (19% vs. 
46%) and articular cartilage (15% vs. 61%) compared to 
isolated ACL tears [14]. A more detailed understanding 
of the intraarticular injury patterns observed in subsets of 
PCL-R patients may provide an explanation for the inferior 
knee function observed in this population.

Consequently, a comprehensive investigation of the 
etiology, demographic characteristics, and concomitant 
injuries is necessary to expand the understanding of PCL 
tears contributing to the reported inferior functional out-
comes. There is currently limited information with regards 
to the distribution of the specific knee ligaments injured in 
conjunction with the PCL in operatively treated combined 
PCL tears [13, 14, 16, 21]. Previous data from Scandina-
via identified the ACL to be the most frequently injured 
knee ligament concurrent to PCL tears, but a more exhaus-
tive investigation of ligament injury pattern is required to 
understand the potential impact of concomitant ligament 
injuries on functional outcomes following PCL-R [16].

Knowledge of frequently occurring knee injury patterns 
associated with PCL-R may help improve the surgical man-
agement of complex knee ligament tears. The purpose of 
this study was to explore and compare the demographic 
profile and concomitant injury patterns in patients under-
going primary isolated PCL-R, primary isolated ACL-R 
and combined PCL and ACL reconstruction (PCL-R/ACL-
R), based on data from the Swedish National Knee Liga-
ment Registry (SNKLR). It was hypothesized that patients 
undergoing isolated primary PCL-R and combined PCL-R/
ACL-R are older and predominantly male, with less concur-
rent meniscus and cartilage injuries but a higher proportion 
of neurovascular injuries compared to patients undergoing 
primary isolated ACL-R.

Materials and methods

Ethical approval was obtained from the Swedish Ethical 
Review Authority (registration number: 2020-03559). The 
study was performed in accordance with the Declaration of 
Helsinki.

The present study is a registry-based cohort study using 
data from the SNKLR. Since its foundation in 2005, the 
SNKLR aims to prospectively collect patient- and surgeon-
reported data on operatively treated ACL and PCL injuries 
[1]. Demographic information, variables related to surgical 
techniques, ligamentous or articular injuries in conjunction 
with cruciate ligament tears, and additional operative find-
ings are documented in the surgeon-reported section. Con-
comitant surgical procedures are documented as separate 
events linked to the primary injury. Patients have the right 
to request exclusion from the SNKLR in writing, thereby 
making participation in the SNKLR optional.

Data collection and eligibility criteria

Data collected between January 1, 2005 and December 31, 
2019 were obtained from the SNKLR. Three study groups 
were created based on the injury and surgical procedure, 
that including patients undergoing primary isolated PCL-R, 
primary isolated ACL-R, and primary combined PCL-R/
ACL-R. Exclusion criteria comprised fracture of the femur, 
fibula, patella or tibia and quadriceps or patellar tendon 
injury (Fig. 1). Demographic information such as age, sex, 
body mass index (BMI), injury laterality, time from injury 
to surgery, and mechanism of injury based on activity type 
was extracted for each patient. Injury mechanisms were cat-
egorized as sports-related, traffic-related, and other (other, 
outdoor activity, and work). Sports-related mechanisms were 
further subdivided into pivoting (American football/rugby, 
basketball, dancing, floorball, football, gymnastics, hand-
ball, ice hockey/bandy, martial arts, racket sports, volleyball, 
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and wrestling), non-pivoting (cross-country skiing, cycling, 
horseback riding, motocross/enduro, skateboarding, snow-
boarding, and surfing/wakeboarding), and other physical 
activity (other recreational sport, exercise, and trampoline). 
Moreover, the extracted surgical data included the following: 
presence of (yes/no) concomitant injury to the medial and 
lateral menisci, articular cartilage injury regardless of Inter-
national Cartilage Repair Society (ICRS) grade [4] based 
on intraarticular location, neurovascular injury, treatment 
of medial and lateral meniscus tear by repair or resection, 
treatment of articular cartilage injury by debridement, or 
microfracture and concurrent ligament injuries.

Statistical analysis

Statistical analysis was performed using SPSS for Win-
dows (Version 27.0. Armonk, NY: IBM Corp) and Stata 
Statistical Software (Release 16. College Station, TX: 
StataCorp LLC). Descriptive data are presented as the 
mean ± standard deviation (SD) and median with inter-
quartile range (IQR). For categorical variables, count (n) 

and proportion (%) are reported. A Welch One-Way Analy-
sis of Variance (ANOVA) analysis with Games–Howell 
post hoc pairwise comparison was conducted to compare 
patient groups with respect to continuous variables, such 
as age, BMI, and time from injury to surgery (in months). 
Assumptions for ANOVA were evaluated using Levene’s 
test for homogeneity of variances and a plot of residu-
als by fitted values. As the distribution of time between 
injury and surgery was heavily skewed (but not age and 
BMI), the non-parametric Kruskal–Wallis test was applied 
with Bonferroni correction for the post hoc comparisons. 
Values are therefore presented as median and IQR. Chi-
squared test was used for comparisons between categorical 
variables, such as sex, right-sided injury laterality, injury 
mechanism, and all variables regarding concomitant inju-
ries and treatments. When Chi-square test was significant, 
a post hoc pairwise comparison was performed with Bon-
ferroni correction to adjust for the family-wise error using 
cellwise residuals [15]. These tests were carried out to 
compare individual cells within contingency. A two-tailed 
p value < 0.05 was considered significant.

Fig. 1   Flowchart of patient enrollment. Values are presented as count 
(n) and proportion (%). aPercentage of patients assessed for eligibil-
ity; bSome patients fulfilled more than one exclusion criteria; cPer-
centage of total fulfilled exclusion criteria; dPercentage of patients 

included in the study group; ACL-R anterior cruciate ligament recon-
struction, PCL-R posterior cruciate ligament reconstruction, PCL-R/
ACL-R combined posterior cruciate ligament reconstruction and ante-
rior cruciate ligament reconstruction
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Results

Patient demographics

A total of 45,564 patients were registered with a primary 
cruciate ligament reconstruction in the SNKLR, of which 
primary isolated PCL-R was performed in 192 (0.4%), 
combined PCL-R/ACL-R in 203 (0.4%) and primary iso-
lated ACL-R in 45,169 (99.1%) patients. The mean age at 
the time of ligament reconstruction significantly differed 
between groups and was 30 (SD ± 11.8), 34 (SD ± 12.9) 
and 27 (SD ± 10.4, p < 0.001) years for isolated PCL-R, 
combined PCL-R/ACL-R and isolated ACL-R patients, 
respectively (Fig. 2). The proportion of males was 8% 
greater in the combined PCL-R/ACL-R group compared 
to the isolated ACL-R group (p = 0.02), but no difference 
was observed among PCL-R and PCL-R/ACL-R groups. 
Median time from injury to surgery was significantly dif-
ferent between all groups (p < 0.001), with the combined 
PCL-R/ACL-R group having the shortest time (7 months, 
IQR 1–14 months), and isolated PCL-R having the long-
est average time until operative treatment (18 months, 
IQR 9–31 months). A detailed summary of the demo-
graphic characteristics of each patient group is reported 
in Table 1.

Injury mechanism

Sports-related activities were the most frequently reported 
mechanism of injury leading to isolated PCL-R (64%), com-
bined PCL-R/ACL-R (54%), and isolated ACL-R (89%; 
Fig. 3). Football (21% vs. 9%) and alpine skiing (6% vs. 
11%) were the two main contributing sports leading to sub-
sequent isolated PCL-R or combined PCL-R/ACL-R. The 
reporting of a traffic-related injury mechanism was more 
prevalent in combined PCL-R/ACL-Rs and isolated PCL-
Rs compared to isolated ACL-Rs (27% vs. 20% vs. 2%, 
p < 0.001). Of the injuries leading to isolated ACL-R in this 
study, 89% were sustained during sports. Figure 3 summa-
rizes patient groups according to the activity type leading 
to injury.

Concomitant injuries

The prevalence of any concomitant meniscal, chondral, 
or neurovascular injury was significantly lower in the 
isolated PCL-R group (44%) compared to the combined 
PCL-R/ACL-R (59%) and isolated ALC-R (56%) groups 
(p < 0.01; Table 2). Meniscus injury prevalence differed sig-
nificantly among isolated PCL-R, combined PCL-R/ACL-
R, and isolated ACL-R patient groups (16% vs. 31% and 
45%, p < 0.001), as well as the distribution of lateral and 
medial meniscus injury (p < 0.001, Table 2). Significantly 

Fig. 2   Density plot displaying the age distribution of patients under-
going isolated PCL-R, combined PCL-R/ACL-R, and isolated 
ACL-R at the time of surgery. Patients undergoing isolated PCL-R 
and combined PCL-R/ACL-R tend to be older compared to isolated 

ACL-R patients. ACL-R anterior cruciate ligament reconstruction, 
PCL-R posterior cruciate ligament reconstruction, PCL-R/ACL-R 
combined posterior cruciate ligament reconstruction and anterior cru-
ciate ligament reconstruction
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fewer patients with medial meniscus injury were treated by 
repair in conjunction to PCL-R as opposed to both com-
bined PCL-R/ACL-R and isolated ACL-R (6% vs. 43% and 
25%, p < 0.001, Supplemental Table 1). Resection was per-
formed at a 25% greater rate for the treatment of medial 
meniscus injuries in the isolated PCL-R compared to the 
isolated ACL-R patient group (p = 0.01). Repair of the lat-
eral meniscus was performed in 36% of patients with com-
bined PCL-R/ACL-R compared to 17% in isolated ACL-Rs 
(p < 0.01).

The prevalence of articular cartilage injury in combined 
PCL-R/ACL-R was 3% higher compared to isolated PCL-R/
ACL-R (40% vs 37%). In contrast, isolated ACL-recon-
structed knees displayed a significantly lower prevalence 
of concomitant cartilage injuries, present in 26% of cases 
(p < 0.001). The most common location of cartilage injury 
was the medial femoral condyle for all patient groups. The 
prevalence of cartilage injuries of the medial femoral con-
dyle was significantly higher in the isolated PCL-R and com-
bined PCL-R/ACL-R patient groups than that of the isolated 
ACL-Rs (27% vs. 33% and 18%, p < 0.001). Among isolated 
PCL-R and combined PCL-R/ACL-R groups, no difference 
was observed in the prevalence of medial or lateral patellar 
and medial tibial plateau cartilage injury. Cartilage injuries 
at the same locations were significantly less prevalent in the 

isolated ACL-R compared to the PCL-R and PCL-R/ACL-R 
patient groups (p < 0.001, Table 2). Operative treatment of 
cartilage injuries was performed at a rate of 0–26% across 
all patient groups, most often involving debridement on the 
medial femoral condyle (Supplemental Table 1).

Neurovascular injuries occurred at a significantly differ-
ent rate among all groups (p < 0.001) and were present in 
9% of combined PCL-R/ACL-R compared to 1% in isolated 
PCL-R and 0.3% in isolated ACL-R patients. Evaluation 
of concomitant ligament injuries among patient groups 
revealed medial collateral ligament (MCL), lateral collateral 
ligament (LCL), and posterolateral corner (PLC) injuries to 
be present in 44%, 35%, and 28% of knees treated by com-
bined PCL-R/ACL-R, respectively. The presence of these 
concomitant ligamentous injuries was significantly differ-
ent (p < 0.001 for each specific ligament) across all groups 
(Table 2).

Discussion

The key finding of this study was the difference in the pat-
terns of concomitant injuries among patients with isolated 
PCL-R, combined PCL-R/ACL-R, and isolated ACL-R 
(Fig. 4). Patients undergoing isolated PCL-R displayed a 

Table 1   Comparison of 
demographics and injury 
mechanism in patients treated 
with isolated PCL-R, combined 
PCL-R/ACL-R, and isolated 
ACL-R

Values are presented as count (n) and proportion (%) for number of patients, male sex, right-sided lateral-
ity and injury mechanisms. Age and BMI are presented as mean ± SD. Time from injury to surgery is dis-
played as median and IQR. Between group differences were analysed using *Welch One-Way Analysis of 
Variance with Games-Howell correction for multiple pairwise comparisons, **Chi-square test with a post 
hoc column pairwise comparison using Bonferroni correction or ***Kruskal–Wallis test with a post hoc 
column pairwise comparison using Bonferroni correction. Injury mechanism in the ACL-R patient group is 
missing 85 values
ACL-R anterior cruciate ligament reconstruction, BMI body mass index, IQR interquartile range, PCL-R 
posterior cruciate ligament reconstruction, PCL-R/ACL-R combined posterior cruciate ligament recon-
struction and anterior cruciate ligament reconstruction, SD standard deviation
a p < 0.01 vs. PCL-R/ACL-R, bp < 0.01 vs. ACL-R, cp < 0.001 vs. ACL-R, dp < 0.05 vs. ACL-R, ep < 0.01 
vs. ACL-R, fp < 0.001 vs. PCL-R, gp < 0.001 vs. PCL-R/ACL-R

Variable PCL-R PCL-R/ACL-R ACL-R p value

Number of patients, n (%) 192 (0.4) 203 (0.4) 45,169 (99.1)
Age, [years] 30 ± 11.8a,b 34 ± 12.9c 27 ± 10.4 < 0.001*
Males, n (%) 115 (60) 131 (65)d 25,537 (57) 0.047**
BMI, [kg/m2] 25 ± 3.4 27 ± 5.5e 25 ± 3.4 < 0.001*
Right knee, n (%) 82 (43) 95 (47) 23,530 (52) 0.01
Time from injury to surgery, [months] 18 (9–31) 7 (1–14) 8 (4–18)  < 0.001***
Injury mechanism < 0.001**
 Sports-related, n (%) 122 (64) 109 (54) 40,085 (89)f,g

  Alpine/skiing, n (%) 12 (6) 22 (11) 6510 (14)
  Pivoting sport, n (%) 69 (36) 44 (22) 29,879 (66)
  Non-pivoting sport, n (%) 32 (17) 26 (13) 1934 (4)
  Other physical activity, n (%) 9 (5) 17 (8) 1762 (4)

 Traffic-related, n (%) 38 (20)c 54 (27)c 817 (2)
 Other, n (%) 32 (17)e 40 (20)c 4,182 (9)
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lower combined rate of concomitant meniscal, chondral, 
and neurovascular injuries (44%) compared to patients 
treated either by combined PCL-R/ACL-R (59%) or isolated 
ACL-R (56%). The results of the study highlight several 
differences between operatively treated isolated PCL and 
combined PCL/ACL tears in terms of demographics, injury 
mechanism, and associated knee injuries.

The demographic characteristics of the investigated 
patient groups are in agreement with the previous reports, 
as we further demonstrate that combined cruciate ligament 
reconstruction patients are generally older than both isolated 
PCL-R and ACL-R patients [14, 16, 21] and that there are 
a greater proportion of males undergoing PCL-R/ACL-R 
compared to isolated ACL-R (65% vs. 57%). The latter find-
ing suggests the more frequent involvement of males com-
pared to females in traffic accidents with high-energy trauma 
resulting in serious knee injury [14, 16]. The significantly 
longer median time from injury to surgery in the isolated 
PCL-R group compared to other groups is explained by the 
initial non-operative management of isolated PCL injuries 
often recommended in Scandinavia, followed by an optional 

delayed PCL-R if bracing and rehabilitation are unsuccess-
ful [18, 23]. Longer preoperative times have been reported 
to result in more cartilage lesions in PCL-based isolated 
and combined knee ligament injuries, which may provide 
an explanation for the comparable proportions of cartilage 
injuries reported in patients requiring isolated and combined 
PCL-R in this study [11, 24].

Findings with respect to the injury mechanism of opera-
tively treated PCL tears are concordant with previous Scan-
dinavian knee ligament registry studies, highlighting their 
predominantly sports-related causes [14, 16]. This provides 
further evidence that earlier research [7, 22] conducted 
on small patient populations and in trauma settings may 
have overestimated the role of traffic-related accidents in 
the etiology of PCL tears. While sports are responsible for 
the majority of operatively treated cruciate ligament tears 
across all patient groups (54–89%), the role of traffic-related 
mechanisms are more pronounced in PCL-R and PCL-R/
ACL-R patients (20% and 27%, respectively). The higher 
prevalence of traffic-related mechanisms in injuries with 
operative treatment of both cruciate ligaments compared to 

Fig. 3   Alpine skiing, floorball, and football are frequent sports-
related causes of injury in patients undergoing isolated PCL-R, com-
bined PCL-R/ACL-R and isolated ACL-R. Less prevalent activities 
are categorized as “Others”. ACL-R anterior cruciate ligament recon-
struction, PCL-R posterior cruciate ligament reconstruction, PCL-R/
ACL-R combined posterior cruciate ligament reconstruction and ante-
rior cruciate ligament reconstruction. Distribution of the most fre-

quent activity types leading to injury in patients undergoing isolated 
PCL-R, combined PCL-R/ACL-R, and isolated ACL-R. Less preva-
lent activities are categorized as “Others”. ACL-R anterior cruciate 
ligament reconstruction, PCL-R posterior cruciate ligament recon-
struction, PCL-R/ACL-R combined posterior cruciate ligament recon-
struction and anterior cruciate ligament reconstruction
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isolated tears further supports the notion that these tears 
require mechanisms with greater energy at trauma compared 
to those affecting only the PCL.

With respect to concomitant intraarticular injuries 
involving the articular cartilage and menisci, this study 
demonstrated a greater proportion of cartilage injuries in 
the patient groups with isolated (37%) or combined (40%) 
reconstruction of the PCL compared to the isolated ACL-R 
group (26%). High-energy associated direct forces to the 
knee during PCL tears may be a contributing factor to the 
higher prevalence of articular cartilage lesions observed in 
these patients. However, a recent investigation from the Dan-
ish Knee Reconstruction Registry reported a lower overall 
rate of cartilage lesions concomitant to PCL-R compared 
to ACL-R, discordant with the present findings [14]. Of 
the cartilage injuries in this study, medially localized inju-
ries of the patella and femoral condyle were more frequent 
in knees requiring PCL-R in contrast to those where only 
the ACL was reconstructed, which is a pattern reported by 
earlier studies of PCL-injured knees [9, 19, 24]. Although 
increase in contact pressure exerted on the medial compart-
ment of the isolated or combined PCL-deficient knee has 

been implicated in the development of cartilage injury over 
time [8, 24], the differences in mechanisms leading to PCL 
and ACL tears may also explain this characteristic contrast 
in cartilage injury patterns. Moreover, the overrepresen-
tation of neurovascular (9%) and additional ligamentous 
(28–44%) injuries in the combined PCL-R/ACL-R group 
further highlights the detrimental role of high-energy forces 
and direct trauma to the knee, resulting in complex injuries. 
Conversely, the lower rate of meniscus injury reported in 
PCL-R patients may be due to the effect of posterior tibial 
translation during trauma, which unloads the posterior horns 
of the menisci and prevents injury at this location. Addition-
ally, the rotatory component characteristic of ACL tears may 
play a less prominent role in the mechanism of PCL tears, 
resulting in a comparatively lesser strain on the menisci.

The treatment of concurrent meniscus and cartilage inju-
ries in this study displays considerable variation among 
patient groups. While a higher rate of both medial and lateral 
meniscus resection compared to repair was reported across 
all groups, medial meniscus tears accompanying combined 
PCL-R/ACL-R were repaired at a higher rate compared to 
those in isolated PCL-R. The converse relationship was 

Table 2   Concomitant injuries 
in patients treated with isolated 
PCL-R combined PCL-R/
ACL-R and isolated ACL-R

Values are presented as count (n) and proportion (%) if not otherwise stated. Between group differences 
were analysed using the Chi-square test with a post hoc column pairwise comparison using Bonferroni cor-
rection
ACL-R anterior cruciate ligament reconstruction, LCL lateral collateral ligament, MCL medial collateral 
ligament, PCL-R posterior cruciate ligament reconstruction, PCL-R/ACL-R posterior cruciate ligament 
reconstruction and anterior cruciate ligament reconstruction, PLC posterolateral corner
a p < 0.05 vs. PCL-R, bp < 0.01 vs. PCL-R, cp < 0.001 vs. PCL-R, dp < 0.001 vs. PCL-R/ACL-R, ep < 0.05 
vs. PCL-R/ACL-R, fp < 0.01 vs. ACL-R, gp < 0.001 vs. ACL-R, hp < 0.05 vs. ACL-R

Variable PCL-R (n = 192) PCL-R/
ACL-R 
(n = 203)

ACL-R (n = 45,169) p value

Concomitant injury, n (%) 85 (44) 120 (59)a 25,132 (56)b < 0.01
Meniscus injury, n (%) 31 (16) 62 (31)b 20,190 (45)c,d < 0.001
 Lateral meniscus injury, n (%) 16 (8) 36 (18)a 11,425 (25)c,e < 0.001
 Medial meniscus injury, n (%) 17 (9) 37 (18)a 12,136 (27)c,e < 0.001

Cartilage injury, n (%) 71 (37) 82 (40) 11,775 (26) < 0.001
 Lateral femoral condyle, n (%) 12 (6) 21 (10)f 2424 (5) < 0.01
 Medial femoral condyle, n (%) 52 (27)f 67 (33)g 8042 (18) < 0.001
 Lateral patella, n (%) 12 (6)f 17 (8)g 1218 (3) < 0.001
 Medial patella, n (%) 26 (14)g 27 (13)g 2147 (5) < 0.001
 Lateral tibial plateau, n (%) 17 (9) 22 (11)h 2807 (6) < 0.01
 Medial tibial plateau, n (%) 19 (10)f 33 (16)g 2274 (5) < 0.001
 Trochlea, n (%) 13 (7)f 24 (12)g 1315 (3) < 0.001

Neurovascular injury, n (%) 2 (1) 18 (9) 12 (0.3) < 0.001
Ligament injury, n (%)
 LCL, n (%) 12 (6) 71 (35) 363 (0.8) < 0.001
 MCL, n (%) 16 (8) 89 (44) 1616 (4) < 0.001
 PCL, n (%) – – 183 (0.4) –
 PLC, n (%) 5 (3) 56 (28) 53 (0.1) < 0.001
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demonstrated regarding lateral meniscus injuries, although 
these differences did not reach statistical significance. 
Recent registry-based studies aimed at determining the effect 
of additional meniscus repair or resection concomitant to 
ACL-R on postoperative patient outcomes report contrast-
ing results [5, 12, 25]. Consequently, the impact of menis-
cus injury treatment on functional outcomes following knee 
ligament surgery remains to be clarified. Despite the high 
prevalence of articular cartilage damage across all groups in 
this study, only a small proportion of cartilage injuries were 
treated operatively. The majority of these injuries remained 
either untreated or treatment was unreported. Postoperative 
patient-reported outcomes following PCL-R have previously 
been reported to be inferior compared to those of ACL-R, 
which may potentially be influenced by the presence and the 
treatment of concomitant meniscus and cartilage injuries 
[3, 14, 17].

While PCL tears are frequently the result of trauma 
involving high-energy forces such as dashboard injuries and 
falls on the flexed knee [22], ACL tears are almost exclu-
sively caused by sports-related activity involving internal 
rotation of the tibia, pivoting, and valgus forces [2]. In the 
current study, injuries requiring reconstruction of both the 
PCL and ACL were frequently accompanied by additional 
tears of the MCL, LCL, or PLC. A recent investigation of 

combined PCL-Rs involving both the PCL and ACL simi-
larly reported high rates of concurrent MCL (47%) and LCL/
PLC (48%) tears [21]. However, the same study reported 
markedly greater rates of concomitant ligament injuries in 
isolated PCL-Rs compared to the present study [21]. While 
the previous research has drawn attention to the frequent 
incidence of PLC tears in conjunction with PCL tears [13, 
21], the present study demonstrates a greater injury rate of 
the PLC and collateral ligaments in patients requiring com-
bined PCL-R/ACL-R. Furthermore, these results are novel 
with regards to the high prevalence of concurrent MCL 
tears in the combined PCL-R/ACL-R patient group (44%) 
[16, 21]. The high degree of knee instability caused by 
bicruciate tears and the high-intensity forces in their injury 
mechanism may potentially explain the frequent injury of 
the MCL, LCL, and PLC in this subset of patients. While 
both isolated and combined PCL-R groups contain knees 
with tears of multiple knee ligaments, the two groups are 
firmly distinguished by their concomitant injury patterns. 
This information suggests that dividing combined injuries 
into subgroups based on the torn knee ligament pattern may 
be important to consider when assessing outcomes following 
operatively treated isolated and combined PCL tears.

The main strength of this study is that the SNKLR 
contains information on the activities leading to cruciate 

Fig. 4   Patients undergoing iso-
lated PCL-R, combined PCL-R/
ACL-R and isolated ACL-R 
display different patterns of 
concomitant knee injuries. 
Patella, trochlea, medial femoral 
condyle, lateral femoral con-
dyle, medial tibial plateau, and 
lateral tibial plateau refer to car-
tilage injuries at the respective 
locations. ACL-R anterior cruci-
ate ligament reconstruction, 
LCL lateral collateral ligament, 
MCL medial collateral ligament, 
PCL-R posterior cruciate liga-
ment reconstruction, PCL-R/
ACL-R combined posterior 
cruciate ligament reconstruction 
and anterior cruciate ligament 
reconstruction, PLC posterolat-
eral corner
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ligament tears and provides a detailed record of concomitant 
injuries. With a coverage of 90% of all ACL-Rs conducted in 
Sweden [1] and a large sample population, the registry ena-
bles the reliable comparison of the epidemiology of opera-
tively managed PCL and ACL tears in Sweden. A limitation 
of this study is that the SNKLR is a surgical registry, which 
does not systematically collect information from patients 
with non-operatively treated cruciate ligament injuries. Con-
sequently, the registry-based comparison of epidemiologic 
differences between operatively and non-operatively treated 
PCL injuries is currently not feasible. Thus, interpretation of 
study results is restricted to the context of operatively man-
aged PCL tears. Additionally, the occasional incompleteness 
of registry data may lead to a misrepresentation of concomi-
tant injuries and their treatment. The current study is based 
on a Swedish population, leading to some uncertainty with 
respect to the generalizability of the results. Finally, the rea-
son for operative treatment of the PCL tears in this study is 
not provided in the registry, subjecting the observed results 
in this population to confounding by indication.

Conclusions

Patients treated with isolated PCL-R, combined PCL-R/
ACL-R, and isolated ACL-R display differences in con-
comitant meniscal and chondral injuries and their manage-
ment. Differences in injury mechanisms may impact con-
comitant knee injury patterns observed among the patient 
groups. Cartilage and ligament injuries were more frequent 
in patients with injury to the PCL when compared to the 
ACL. Consequently, combined PCL and ACL tears should 
raise suspicion for concomitant intraarticular lesions with 
clinical relevance during the operative treatment of these 
complex injuries.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00167-​022-​06948-x.

Acknowledgements  The authors would like to thank biostatistician 
Christer Johansson for the help with statistical analyses and advice in 
regard to interpretation of data.

Author contributions  All listed authors have contributed substantially 
to this work: statistical analysis, review of the literature, and primary 
manuscript preparation were performed by BZ, AH, EN, JK. PWW, 
ES, VM, EHS, and KS assisted with interpretation of the results, initial 
drafting of the manuscript, editing, and final manuscript preparation. 
All authors have read the final manuscript and given final approval of 
the manuscript to be published. Furthermore, all authors are in con-
sensus to be accountable for all aspects of the research in ensuring that 
questions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved.

Funding  Open access funding provided by University of Gothenburg. 
This project received funding from the Sahlgrenska University Hospital 
foundation, registration number SU-960916.

Declarations 

Conflict of interest  VM reports educational grants, consulting fees, 
and speaking fees from Smith & Nephew plc, educational grants from 
Arthrex, is a board member of the International Society of Arthros-
copy, Knee Surgery and Orthopaedic Sports Medicine (ISAKOS), 
and Deputy Editor-in-Chief of Knee Surgery, Sports Traumatology, 
Arthroscopy (KSSTA).

Ethical approval  This study has been approved by the Swedish Ethical 
Review Authority, Sweden (registration number: 2020-03559). The 
study was conducted according to the Declaration of Helsinki.

Informed consent  Participation in the Swedish National Knee Liga-
ment Registry is voluntary for patients and surgeons. The registry com-
plies with the Swedish legislation relating to data security. No written 
consent is necessary for national databases in Sweden. Investigators 
had access only to unidentifiable patient data.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Ahlden M, Samuelsson K, Sernert N, Forssblad M, Karlsson J, 
Kartus J (2012) The Swedish National Anterior Cruciate Liga-
ment Register: a report on baseline variables and outcomes of sur-
gery for almost 18,000 patients. Am J Sports Med 40:2230–2235

	 2.	 Alentorn-Geli E, Myer GD, Silvers HJ, Samitier G, Romero D, 
Lazaro-Haro C et al (2009) Prevention of non-contact anterior 
cruciate ligament injuries in soccer players. Part 1: mechanisms 
of injury and underlying risk factors. Knee Surg Sports Traumatol 
Arthrosc 17:705–729

	 3.	 Aroen A, Sivertsen EA, Owesen C, Engebretsen L, Granan LP 
(2013) An isolated rupture of the posterior cruciate ligament 
results in reduced preoperative knee function in comparison with 
an anterior cruciate ligament injury. Knee Surg Sports Traumatol 
Arthrosc 21:1017–1022

	 4.	 Brittberg M, Winalski CS (2003) Evaluation of cartilage injuries 
and repair. J Bone Jt Surg Am 85-A(Suppl 2):58–69

	 5.	 Cristiani R, Parling A, Forssblad M, Edman G, Engstrom B, Stal-
man A (2020) Meniscus repair does not result in an inferior short-
term outcome compared with meniscus resection: an analysis of 
5,378 patients with primary anterior cruciate ligament reconstruc-
tion. Arthroscopy 36:1145–1153

	 6.	 Devitt BM, Dissanayake R, Clair J, Napier RJ, Porter TJ, Feller 
JA et al (2018) Isolated posterior cruciate reconstruction results in 
improved functional outcome but low rates of return to preinjury 

https://doi.org/10.1007/s00167-022-06948-x
http://creativecommons.org/licenses/by/4.0/


3460	 Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:3451–3460

1 3

level of sport: a systematic review and meta-analysis. Orthop J 
Sports Med 6:2325967118804478

	 7.	 Fanelli GC, Edson CJ (1995) Posterior cruciate ligament injuries 
in trauma patients: part II. Arthroscopy 11:526–529

	 8.	 Gill TJ, DeFrate LE, Wang C, Carey CT, Zayontz S, Zarins B et al 
(2004) The effect of posterior cruciate ligament reconstruction on 
patellofemoral contact pressures in the knee joint under simulated 
muscle loads. Am J Sports Med 32:109–115

	 9.	 Hamada M, Shino K, Mitsuoka T, Toritsuka Y, Natsu-Ume T, 
Horibe S (2000) Chondral injury associated with acute isolated 
posterior cruciate ligament injury. Arthroscopy 16:59–63

	10.	 Kaeding CC, Pedroza AD, Parker RD, Spindler KP, McCarty EC, 
Andrish JT (2005) Intra-articular findings in the reconstructed 
multi-ligament-injured knee. Arthroscopy 21:424–430

	11.	 Krych AJ, Sousa PL, King AH, Engasser WM, Stuart MJ, 
Levy BA (2015) Meniscal tears and articular cartilage damage 
in the dislocated knee. Knee Surg Sports Traumatol Arthrosc 
23:3019–3025

	12.	 LaPrade CM, Dornan GJ, Granan LP, LaPrade RF, Engebretsen L 
(2015) Outcomes after anterior cruciate ligament reconstruction 
using the Norwegian knee ligament registry of 4691 patients: how 
does meniscal repair or resection affect short-term outcomes? Am 
J Sports Med 43:1591–1597

	13.	 LaPrade RF, Wentorf FA, Fritts H, Gundry C, Hightower CD 
(2007) A prospective magnetic resonance imaging study of the 
incidence of posterolateral and multiple ligament injuries in 
acute knee injuries presenting with a hemarthrosis. Arthroscopy 
23:1341–1347

	14.	 Lind M, Nielsen TG, Behrndtz K (2018) Both isolated and 
multi-ligament posterior cruciate ligament reconstruction results 
in improved subjective outcome: results from the Danish Knee 
Ligament Reconstruction Registry. Knee Surg Sports Traumatol 
Arthrosc 26:1190–1196

	15.	 MacDonald PL, Gardner RC (2000) Type I error rate comparisons 
of post hoc procedures for I j chi-square tables. Educ Psychol 
Measur 60:735–754

	16.	 Owesen C, Sandven-Thrane S, Lind M, Forssblad M, Granan LP, 
Aroen A (2017) Epidemiology of surgically treated posterior cru-
ciate ligament injuries in Scandinavia. Knee Surg Sports Trauma-
tol Arthrosc 25:2384–2391

	17.	 Owesen C, Sivertsen EA, Engebretsen L, Granan LP, Aroen A 
(2015) Patients with isolated PCL injuries improve from surgery 
as much as patients with ACL injuries after 2 years. Orthop J 
Sports Med 3:2325967115599539

	18.	 Pierce CM, O’Brien L, Griffin LW, Laprade RF (2013) Posterior 
cruciate ligament tears: functional and postoperative rehabilita-
tion. Knee Surg Sports Traumatol Arthrosc 21:1071–1084

	19.	 Ringler MD, Shotts EE, Collins MS, Howe BM (2016) Intra-artic-
ular pathology associated with isolated posterior cruciate ligament 
injury on MRI. Skeletal Radiol 45:1695–1703

	20.	 Sanders TL, Pareek A, Barrett IJ, Kremers HM, Bryan AJ, Stuart 
MJ et al (2017) Incidence and long-term follow-up of isolated 
posterior cruciate ligament tears. Knee Surg Sports Traumatol 
Arthrosc 25:3017–3023

	21.	 Schlumberger M, Schuster P, Eichinger M, Mayer P, Mayr R, 
Immendorfer M et al (2020) Posterior cruciate ligament lesions 
are mainly present as combined lesions even in sports injuries. 
Knee Surg Sports Traumatol Arthrosc 28:2091–2098

	22.	 Schulz MS, Russe K, Weiler A, Eichhorn HJ, Strobel MJ (2003) 
Epidemiology of posterior cruciate ligament injuries. Arch Orthop 
Trauma Surg 123:186–191

	23.	 Shelbourne KD, Clark M, Gray T (2013) Minimum 10-year 
follow-up of patients after an acute, isolated posterior cruci-
ate ligament injury treated non-operatively. Am J Sports Med 
41:1526–1533

	24.	 Strobel MJ, Weiler A, Schulz MS, Russe K, Eichhorn HJ (2003) 
Arthroscopic evaluation of articular cartilage lesions in posterior-
cruciate-ligament-deficient knees. Arthroscopy 19:262–268

	25.	 Svantesson E, Cristiani R, Hamrin Senorski E, Forssblad M, 
Samuelsson K, Stalman A (2018) Meniscal repair results in 
inferior short-term outcomes compared with meniscal resection: 
a cohort study of 6398 patients with primary anterior cruciate 
ligament reconstruction. Knee Surg Sports Traumatol Arthrosc 
26:2251–2258

	26.	 Winkler PW, Zsidai B, Wagala NN, Hughes JD, Horvath A, 
Senorski EH et al (2021) Evolving evidence in the treatment of 
primary and recurrent posterior cruciate ligament injuries, part 1: 
anatomy, biomechanics and diagnostics. Knee Surg Sports Trau-
matol Arthrosc 29:672–681

	27.	 Winkler PW, Zsidai B, Wagala NN, Hughes JD, Horvath A, Seno-
rski EH et al (2021) Evolving evidence in the treatment of primary 
and recurrent posterior cruciate ligament injuries, part 2: surgical 
techniques, outcomes and rehabilitation. Knee Surg Sports Trau-
matol Arthrosc 29:682–693

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Bálint Zsidai1   · Alexandra Horvath2 · Philipp W. Winkler3 · Eric Narup1 · Janina Kaarre1 · Eleonor Svantesson1 · 
Volker Musahl1,4 · Eric Hamrin Senorski5 · Kristian Samuelsson1,6

1	 Department of Orthopaedics, Institute of Clinical Sciences, 
Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden

2	 Department of Internal Medicine and Clinical Nutrition, 
Institute of Medicine, Sahlgrenska Academy, University 
of Gothenburg, Gothenburg, Sweden

3	 Department for Orthopaedic Sports Medicine, Klinikum 
rechts der Isar, Technical University of Munich, Munich, 
Germany

4	 Department of Orthopaedic Surgery, UPMC Freddie Fu 
Sports Medicine Center, University of Pittsburgh, Pittsburgh, 
USA

5	 Department of Health and Rehabilitation, Institute 
of Neuroscience and Physiology, Sahlgrenska Academy, 
University of Gothenburg, Gothenburg, Sweden

6	 Department of Orthopaedics, Sahlgrenska University 
Hospital, Mölndal, Sweden

http://orcid.org/0000-0002-5697-6577

	Different injury patterns exist among patients undergoing operative treatment of isolated PCL, combined PCLACL, and isolated ACL injuries: a study from the Swedish National Knee Ligament Registry
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Data collection and eligibility criteria
	Statistical analysis

	Results
	Patient demographics
	Injury mechanism
	Concomitant injuries

	Discussion
	Conclusions
	Acknowledgements 
	References




