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Background and purpose — Posterior cruciate ligament 
(PCL) injuries usually occur in combination with other liga-
mentous knee injuries. The outcome varies and may be poor 
due to suboptimal treatment. We investigated claims follow-
ing PCL injury treatment on a nationwide scale.

Patients and methods — All patient PCL injury claims 
filed in Finland from 1997 to 2015 were collected from the 
Patient Insurance Centre (PIC) register. We reviewed and 
analyzed all records to determine the causes of claims. Gen-
eral background data were obtained from the National Care 
Register for Social Welfare and Health Care (HILMO).

Results — We found out from HILMO background data 
that, during the 19-year study period, 1,891 PCL and 1,380 
multiligament reconstructions were performed in 99 differ-
ent hospitals. The number of PCL injuries treated conser-
vatively is unknown. During this same period, 49 claims 
arrived at the PIC, and 39/49 of these patients were operated 
on. 12/49 claims were compensated. Of these 12 claims, 6 
were compensated for technical errors and 4 were compen-
sated for diagnostic delays.

Conclusion — The number of patient injury claims was 
few, and compensated claims were even fewer. Technical 
errors and diagnostic delays were the most common reasons 
for reimbursement.

Posterior cruciate ligament (PCL) injuries can be isolated 
ruptures accounting for only 3.5% of all acute knee injuries, 
but they often occur concomitantly with other ligamentous or 
capsular injuries [1-6]. In 5–20% of knee ligament injuries, 
a PCL injury is involved [3], and in 79% of multiligament 
(ML) injuries the PCL is damaged [7]. According to Sanders 
et al. (2017), annual incidence of isolated PCL injury is 2 per 
100,000 inhabitants [8]. 

The rarity of isolated PCL injuries makes them difficult to 
diagnose, and it is not uncommon for patients to be unable to 
tell that such an injury has occurred. Typical injury mecha-
nisms include hyperextension of the knee joint, or a direct 
trauma to the anterior aspect of the proximal tibia. Often, as 
time passes, the patient seeks medical attention for knee pain 
and/or discomfort [2,3]. 

There are many potential complications associated with the 
technical aspects of PCL reconstruction (PCLR), of which 
neurovascular complications are the most serious. Common 
technical complications include fractures during tunnel drill-
ing and graft harvesting, and other reported complications 
include loss of range of motion and stiffness, knee laxity, and 
heterotopic ossification [9,10].

We aimed to determine the causes of patient claims fol-
lowing PCL injury treatments and uncover underlying root 
causes, and to understand how patient injuries can be avoided 
by acting differently [11-15].

Patients and methods

In this nationwide registry study, injury claims between 1997 
and 2015 were collected. Research data was obtained from the 
Patient Insurance Centre (PIC) [16], and collected by review-
ing the original patient records and imaging studies of claims 
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that involved injuries related to specific diagnosis codes 
(International Classification of Diseases 10th edition [ICD-
10]) or Nordic Medico-Statistical Committee (NOMESCO) 
procedure codes (Tables 1 and 2). All patient injury claims 
related to PCL injuries were included. We classified the PCL 
injuries into 3 types: grade I partial PCL ruptures, grade II 
total PCL rupture, and grade III PCL rupture combined with 
other capsuloligamentous structures [3,17,18].

The patient insurance systems in Nordic countries are no-
fault systems [16,19-20]. In Finland, all healthcare providers 
in the private and public sectors are mandated to have patient 
injury insurance, and insurance companies providing this type 
of insurance are members of PIC. Therefore, all patients are 
covered against financial losses from possible patient injuries. 
The Patient Injury Act (1986) defines patient injuries and pos-
sible compensation [16,21]. When a patient injury occurs, the 
goal of the PIC is to determine the root causes of the injury 
and reimburse the claimant if the compensation criteria are 
met. The 2 most common criteria that lead to reimbursement 
are potentially avoidable injuries and intolerable injuries. 
When assessing if an injury was avoidable, the main question 
is whether an experienced healthcare professional would have 
treated the patient differently and, by doing so, avoided the 
undesirable outcome. For tolerability, the PIC decides whether 
the consequences are such that no patient should tolerate them 
(e.g., severe infection leading to multiple revisions). An intol-
erable outcome must also be unexpected [14,16,22], and for an 
injury to be considered unexpected, the claimant’s individual 
preoperative complication risk must have been less than 2% 
(index operation).

To obtain background data on PCL injury operations, we 
collected registry data from the Care Register for Social Wel-
fare and Health Care (HILMO), which is maintained by the 
National Institute for Health and Welfare (THL). The same 
NOMESCO codes (Table 2) were used as when collecting 
PIC data. Because most PCL injuries occur with other liga-
ment injuries [1-5] and in 79% of ML injuries the PCL is also 
damaged [6], the NOMESCO codes NGE50 and NGE55 were 
included. It is not possible in the HILMO register to separate 
ML injuries where the PCL is intact. 

Hospitals were categorized based on their PCLR and ML 
reconstructions (MLR) volumes from 1997 to 2015. High-
volume hospitals each performed > 250 operations (≥ 14 
operations per hospital per year), medium-volume hospitals 
100–250 operations (5–13 operations per hospital per year), 
and low-volume hospitals < 100 operations (< 5 operations 
per hospital per year). The 3 groups were roughly evenly rep-
resented in the sample, with each group having completed 
nearly 1/3 of the operations under study.

Statistics
The data was analyzed using SPSS (Released 2019. IBM 
SPSS Version 26.0. IBM Corp, Armonk, NY, USA). The dif-
ferences between hospital volumes and compensated claims 
were determined using the 2 × 3 chi-square test. 
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Results
HILMO surgery data
1,891 PCLRs and 1,380 MLRs were performed from 1997 to 
2015 at 99 different hospitals (Figure 1). The yearly averages 
for PCLR and MLR were 100 and 73 operations, respectively. 
2 hospitals performed the most surgeries, 1/4 (26%) of all 
injuries. The low-volume hospitals (n = 90) performed over 
1/3 of all the operations with less than 1 PCLR performed per 
year (Figure 2). 

The average age of the patients was 36 (median 35) years, 
and 2,246/3,271 (69%) of the patients were male. This propor-
tion was consistent throughout the study period in both the 
PCLR and MLR groups.

Table 1. International Classification of Diseases 10th edition (ICD-
10) codes used as search criteria in the Patient Insurance Centre 
(PIC) claim review

ICD-10 code and explanation

S83.5 Sprain of the cruciate ligament(s) of the knee
S83.6 Sprain and strain of other and unspecified parts of the knee
S83.7 Injury of multiple structures of the knee
S89.7 Multiple injuries of the lower leg
S89.9 Unspecified injury of the lower leg
M23.5 Chronic instability of the knee
M23.6 Other spontaneous disruption of ligament(s) of the knee
M23.8 Other spontaneous disruption of ligament(s) of the knee
M24.2 Disorder of a ligament

Table 2. Nordic Medico-Statistical Committee (NOMESCO) procedure 
codes used as search criteria in the Patient Insurance Centre (PIC) 
and in the Care Register for Social Welfare and Health Care (HILMO)

NOMESCO code and explanation

NGE40	 Plastic repair of ligament of knee not using prosthetic 
material, posterior or posterior and anterior cruciate, open

NGE45	 Plastic repair of ligament of knee not using prosthetic 
material, posterior or posterior and anterior cruciate, 
arthroscopy	

NGE50	 Plastic repair or reinsertion of cruciate and collateral liga-
ments of the knee, open	

NGE55	 Plastic repair or reinsertion of cruciate and collateral liga-
ments of the knee, arthroscopy	
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changed to surgery, so in the end 39 of the 49 claims were 
operated on for PCL injuries. The average age of the compen-
sated claimants was 36 years, and 28/49 (57%) patients were 
male. Sports- and traffic-accident-related injuries were the 2 

0

20

40

60

80

100

120

140

1997 2000 2003 2006 2009 2012 2015

Annual number of procedures

NGE40
NGE45
NGE50
NGE55

0

20

10

30

40

50

60

70

80

1997 2000 2003 2006 2009 2012 2015

Annual number – high volume

NGE40 and 45
NGE50 and 55

0

20

10

30

40

50

60

70

80

1997 2000 2003 2006 2009 2012 2015

Annual number – medium volume

NGE40 and 45
NGE50 and 55

0

20

10

30

40

50

60

70

80

1997 2000 2003 2006 2009 2012 2015

Annual number – low volume

NGE40 and 45
NGE50 and 55

Figure 1. Posterior cruciate liga-
ment and multiligament injury-
related procedures in Finland from 
1997 to 2015 from the Care Reg-
ister for Social Welfare and Health 
Care (HILMO). For Abbreviations, 
see Table 2.

Figure 2. Number of posterior cruciate ligament reconstructions (PCLR = NGE40 + NGE45) and multi-
ligament reconstructions (MLR = NGE50 + NGE 55) in different hospital groups. In high-volume hospitals 
left panel), the peak years of PCLR are between 2003 and 2006, and of MLR are between 2008 and 
2011. In medium-volume hospitals (middle panel), the peak years of PCLR are between 2007 and 2011, 
and of MLR are between 2009 and 2011. In low-volume hospitals (right panel), the peak years of PCLR 
are between 2009 and 2014, and the number of MLR has started to rise since 2013. For Abbreviations, 
see Table 2.

Patient injury claims analyzed
n = 49

Patient injury claims concerning
 PCL injuries 1997–2015

n = 50

Excluded
Duplicate claim

n = 1

DIAGNOSTIC PROBLEMS (n = 30):
– delayed diagnosis (n = 18):
      - high, 1
      - medium, 4
      - low, 13
– delayed treatment, (n = 12):
      - high, 2
      - low, 10

SURGICAL PROBLEMS (n = 10):
PLCR (n = 6):
– patella fracture after patella-tendon graft 
   harvest (n = 1):
      - high, 1
– allograft rejection (n = 2):
      - medium, 2
– femoral drill tunnel too posterior (n = 1):
      - medium, 1
– blood vessel injury (n = 1):
      - low, 1
– reaction against a Calaxo screw (n  = 1):
      - low, 1
MLR (n = 4):
– blood vessel injury (n = 1):
      - high, 1
– PCL fixation failure (n = 1):
      - high, 1
– ACL fixation in soft tissue on femur (n = 1):
      - medium, 1
– ACL drill tunnel too anterior on femur (n = 1):
      - low, 1

INFECTION (n = 5):
– deep surgical site infection after PCLR (n = 3):
      - medium, 2
      - low, 1
– superficial infection after PCLR (n = 1):
      - low, 1
– superficial infection after screw removal 
   after MLR (n = 1):
      - medium, 1

OTHER (n = 4):
– return to previous activity level 
   impossible (n = 1):
      - high, 1
– wrong knee arthroscoped (n = 1):
      - low, 1
– chosen conservative treatment was 
   wrong (n = 1):
      - low, 1
– numbness in lower extremities after 
   spinal anaesthesia (n = 1):
      - low, 1

COMPENSATED CLAIMS (n = 4):
– delayed diagnosis (n = 4):
      - high, 1
      - low, 3

COMPENSATED CLAIMS (n = 6):
PCLR (n = 3):
– allograft rejection (n = 1):
      - medium, 1
– femoral tunnel too posterior (n = 1):
      - medium, 1
– blood vessel injury (n = 1):
      - low, 1
MLR (n = 3):
– blood vessel injury (n = 1):
      - high, 1
– ACL fixation in soft tissue on femur (n = 1):
      - medium, 1
– ACL drill tunnel too anterior on femur (n = 1):
      - low, 1

COMPENSATED CLAIMS (n = 1):
– deep surgical site infection after PCLR (n = 1):
      - low, 1

COMPENSATED CLAIMS (n = 1):
– wrong knee arthroscoped (n = 1):
      - low, 1

PIC research data
From 1997 to 2015, the PIC received 49 patient injury claims 
in which PCL injury was involved (Figure 3). In 18 of the 
49 claims, treatment was started conservatively, but was later 

Figure 3. All patient injury claims and compensated claims from the 
Patient Injury Centre (PIC) from 1997 to 2015, divided into 4 categories 
according to the contents of the claims and the decisions of the PIC.  
DSSI = deep surgical site infection. ML = multiligament. MLR = ML 
reconstruction. PCL = posterior cruciate ligament. PCLR = PCL recon-
struction. High = high-volume hospital. Medium = medium-volume hos-
pital. Low = low-volume hospital.
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most common injury types among claimants. The mechanisms 
of the injuries were often high-energy accidents and/or knee 
hyperextension. 17/49 (35%) of the claimants reported sports-
related injuries, 13/49 (27%) traffic-accident-related injuries, 
and 10/49 (20%) work-related injuries.

Reasons for the claims were most often delay in diagnosis, 
care, and rehabilitation in 29 cases and pain in 21 cases (Table 
3). Of the 49 injuries, 5 were grade I, 23 grade II, and 21 grade 
III. In the 21 grade III injuries, the anterior cruciate ligament 
(ACL) was injured in 16 cases, the medial collateral ligament 
(MCL) in 8 cases, and the lateral collateral ligament (LCL) in 
6 cases. The most common injury combinations were PCL and 
ACL (6/21) and PCL, ACL, and MCL (5/21).

12 of 49 patient injury claimants were reimbursed. All of 
them had been treated surgically, and 8 required reoperation(s). 
In 11 cases, the injury was work-, sports-, or traffic-accident-
related. In 2 cases, the reason for compensation was PCL 
injury diagnostic delay; in both cases, PCL injuries had been 
missed repeatedly, despite many arthroscopies and recon-
struction of a partially ruptured ACL. A further 2 cases were 
compensated due to diagnostic delays in primary care. Fur-
thermore, 5 cases were compensated for technical failures 
during surgery, 1 for allograft rejection, and 1 for deep surgi-
cal site infection (DSSI). Additionally, 1 case was reimbursed 
because the operation (arthroscopy) had been performed on 

the wrong knee. Figure 3 shows the contents of all claims as 
well as the contents of reimbursed claims and how the claims 
(reimbursed or not) were directed at different hospital groups.

Comparison of HILMO and PIC data
There is no clear correlation between the number of surger-
ies and claims (Figure 4). There was no statistically signifi-
cant difference between a hospital’s surgical volume and the 
number of compensated claims it received (Table 4). When 
surgery-related compensated cases were examined (technical 
errors [n = 6] and arthroscopy of the wrong knee [n = 1]), there 
was no statistically significant difference between hospitals 
with different volumes (Table 4). 

Discussion 

This study shows that patient injuries related to the treatment 
of PCL injuries are rare. The main causes were delay in diag-
nosis and technical errors during surgery. 

Aae et al. (2020) studied patient injury claims related to 
treatments concerning focal knee cartilage defects in Scan-
dinavian countries, combining data from patient injury claim 
systems from Norway, Denmark, and Sweden. They found 
only 103 (0.2%) patients complained about their treatment, 

Table 3. Reasons for filing a claim. There were 49 claims, and patients 
complained for 23 different reasons. Reasons that appeared less 
than 5 times are not presented

Reasons	 n
 
Delay in diagnosis, care, and rehabilitation	 29
Pain	 21
Financial difficulties (e.g., sick leave, unemployment, 
 additional expenses)	 10
Decline in general performance	 10
Negligence in treatment and inappropriate behavior	 8
Infection	 6
Instability	 5
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Figure 4. Annual number of posterior cruciate ligament reconstructions 
(PCLR) and multiligament reconstructions (MLR) (left panel) and annual 
number of claims submitted to the PIC (right panel) from 1997 to 2015.

Table 4. Analysis of HILMO and PIC data based on posterior cruciate ligament reconstruc-tion (PCLR) 
and/or multiligament reconstruction (MLR) hospital volumes from 1997 to 2015 

Hospital 	 No. of		  Non-compensated	 Compensated		  Technical error, n
volume a	 hospitals	 Total	 n (%)       range	 n (%)	 P value	 No        Yes	 P value

High (≥ 14)	 3	 1,121	 1,119 (34)	 265–545	   2 (17)		  1,120	 1	
Medium (5–13)	  6	    930	    927 (28)	 123–229	   3 (25)	 0.3	    927	 3	 0.5
Low (< 5)	 90	 1,220	 1,213 (37)	 1–81	   7 (58)		  1,217	 3		
Total		  3,271	 3,259		  12		  3,264	 7		

There is no statistically significant difference in the compensated claims received by hospitals in different 
categories related to the treatment of PCL injuries.
HILMO = Care Register for Social Welfare and Health Care. 
PIC = Patient Insurance Centre.
a PCLR and/or MLR operations per year in parentheses.
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of whom 0.08% received compensation [23]. Randsborg et al. 
(2021) studied patient injury claims after knee arthroplasty in 
Norway between 2008 and 2018. 572/64,241 (0.9%) claims 
were filed, and 0.5% were compensated [24]. In these studies, 
like ours, the number of people who applied for compensa-
tion was small. A large proportion of patients who would be 
entitled to compensation after a patient injury do not apply for 
it [25], of whom up to 97% of patients entitled to compensa-
tion do not apply [26].

It has been shown that there are more reimbursed claims 
among hospitals with fewer knee arthroplasties per year than 
those with more [24]. Also, Helkamaa et al. (2016) showed 
that hospitals performing more than 400 total hip arthroplas-
ties per year received fewer patient injury claims and com-
pensated those that were due to technical error [14]. However, 
in our study, a statistically significant difference could not be 
shown when hospital volumes and compensated claims were 
compared. 

We do not know if the claimants and compensated cases 
represented all patients who had PCL injuries and had been 
treated either conservatively or surgically. But, compared 
with other studies [8,27], the patients in our study seemed to 
be very similar; that is, the typical PCL rupture patient is over 
30 years old and male, and the PCL usually ruptures with 
other capsuloligamentous structures [27]. In our study, no 
single surgical complication emerged above others. The com-
plications were the same as those presented in the literature 
[9,10], and previously known challenges in diagnosing PCL 
injuries re-emerged in this study [2,3]. Australian researchers 
identified that between 1998 and 2008, the number of female 
patients with PCL injury or knee dislocation rose and the 
gap between males and females narrowed, but the number of 
male patients remained greater [28]. However, in our study, 
there was no such trend, with the representation of the sexes 
remaining constant. According to Bismarck et al. (2006) and 
Pukk et al. (2003), women fill out a patient injury claim file 
more often than men [26,29]. Among the Finnish PCL injury 
patients, men were more likely to fill out a claim file, but the 
explanation for this may be that there were more men in this 
study in general.

In our study, more PCLRs were performed than MLRs. 
From previous studies, we know that isolated PCL rupture is 
rare, and it is common for other capsuloligamentous structures 
to be injured at the same time as the PCL [1-4]. Accordingly, 
the number of surgeries for isolated PCL injuries was low. 
This has been shown in 2 Scandinavian studies using knee 
ligament registries in Norway, Denmark, and Sweden [27,30]. 
When all operations in Norway, Denmark, and Sweden were 
counted in the study by Owesen et al. (2017), 38% were iso-
lated PCLRs and 62% were PCLRs combined with other cap-
suloligamentous reconstructions [27]. In the study by Lind et 
al. (2018), based solely on Danish data, 41% were isolated 
PCLRs and 59% were combined [30]. Meanwhile, Longo 
et al. (2021) showed that the incidence of isolated PCLR in 

Italy was 0.46/100,000 inhabitants [31]. In our study, based 
on data from the Finnish HILMO register, 58% of treatments 
were isolated PCLRs and 42% were MLRs, and the incidence 
of isolated PCLR was 1.9/100,000 inhabitants, while that of 
MLR was 1.4/100,000 inhabitants. Thus, our results are in 
opposition to those of other studies and countries. 

The above differences between Finland and other countries 
may be explainable either by the fact that isolated PCL inju-
ries are more common in Finland than elsewhere, or because 
of inaccuracy in the use of procedure codes for surgeries. 
In Finland, there is no ligament registry that provides exact 
injury numbers and specifies whether an injury has occurred 
to the PCL or ACL. It is unclear how many MLRs included 
PCL reconstruction. But to get background data from HILMO 
we included the ML operations because the majority (79%) 
involves the PCL [6]. Furthermore, it is more common that the 
PCL ruptures together with other ligaments [1-5]. Information 
on conservatively treated patients is also lacking, and from the 
HILMO data it is impossible to tell which cruciate ligament 
the ICD-10 codes concern. 

If information is collected systematically and structurally, 
as in the Danish Knee Ligament Reconstruction Registry [30], 
a register will become more accurate and reliable. From the 
Finnish material, it is not possible to say whether claims and 
compensated claims have led to changes in diagnostics or 
treatments. In the study by Randsborg et al. (2018), data was 
combined from both the Norwegian System of Patient Injury 
Compensation, which corresponds to the Finnish PIC, and the 
Norwegian Knee Ligament Registry [32]. The research team 
studied patient injury claims following ACL treatments. The 
Norwegian Knee Ligament Registry had shown that use of a 
hamstring graft led to infection more often than the use of a 
bone–tendon–bone (BTB) graft; thus, the latter became popu-
lar in Norway [32]. This provides a good example of how reg-
isters systematically compiled over years can reveal changes 
and trends and thus guide treatment practices.

Conclusion 
There were few patient injury claims related to PCL treat-
ments, and only a very small proportion of operations were 
reimbursed. The most common reasons for reimbursement 
were diagnostic delay and technical surgical errors. There was 
no statistically significant difference between hospital groups 
with different surgical volumes and compensated claims. 
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