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Abstract 

Background  Recent evidence has led to guidelines to refrain from recommending knee arthroscopy for patients 
with an osteoarthritis diagnosis. The aim of this study was to evaluate the latest changes in the incidence of arthro-
scopic surgery for degenerative knee disease, changes in the ages of those patients and the delay between knee 
arthroscopy and arthroplasty, in Finland between 1998 and 2018.

Method  The data for were collected from the Finnish National Hospital Discharge Register (NHDR). All knee arthro-
plasties and arthroscopies performed due to osteoarthritis, degenerative meniscal tears, and traumatic meniscal tears 
were included. Incidence rates (per 100,000 person-years) as well as the median age of patients were calculated.

Results  The incidence of arthroscopy decreased 74% (413 to 106 per 100,000 person-years) and knee arthroplasty 
increased 179% (94 to 262 per 100,000 person-years) between 1998 and 2018. The incidence of all arthroscopies 
increased until 2006. Subsequently, the incidence of arthroscopy due to OA decreased by 91% and arthroscopic 
partial meniscectomy (APM) for degenerative meniscal tears decreased by 77% until 2018. The decrease of traumatic 
meniscal tears begun later, leading to decrease of 57% between 2011 and 2018. Conversely, the incidence of patients 
undergoing APM of traumatic meniscal tear increased 375%. The median age of patients who underwent knee 
arthroscopy decreased from 51 to 46 and from 71 to 69 in knee arthroplasty patients.

Conclusions  Increasing evidence that recommends refraining from knee arthroscopy in OA and degenerative 
meniscal tears has led to a dramatic decrease in the incidence of arthroscopies. Simultaneously, the median age 
of the patients who undergo these operations has continued to decrease.
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Introduction
In 2002, a placebo-controlled surgical trial published by 
Moseley et al. concluded that arthroscopic knee debride-
ment or lavage does not improve outcome when com-
pared to placebo procedure [1–3]. This conclusion was 
subsequently supported by the findings of a trial by Kir-
kley et al. in 2008 [4]. This new evidence led to guidelines 
and expert opinion that refrained from recommend-
ing knee arthroscopy for patients with an established 
osteoarthritis (OA) diagnosis [5, 6]. However, for those 
patients with torn meniscus or intra-articular loose frag-
ments with low-grade osteoarthritis, knee arthroscopy 
was still recommended [5–7]. Consequently, the rates 
of knee arthroscopy for knee osteoarthritis started to 
decrease [8, 9].

As patients with degenerative knee disease should be 
treated conservatively and knee arthroscopy should be 
carefully used only in younger patients, the mean age of 
patients undergoing knee arthroscopy should be decreas-
ing. However, the recommendations to refrain from 
performing arthroscopy on degenerative knees should 
not have an influence on the number or the mean age of 
patients undergoing arthroscopic meniscus repair, as it is 
still the preferred treatment option for acute traumatic 
meniscal tears, especially in the young active population. 
[10, 11]

The aim of this study was to evaluate the latest changes 
in the incidence of arthroscopic surgery for degenerative 
knee disease, changes in the ages of those patients and 
the delay between knee arthroscopy and arthroplasty, in 
Finland between 1998 and 2018.

Materials and methods
The data for this retrospective nationwide register study 
were collected from the Finnish National Hospital Dis-
charge Register (NHDR) from January 1st, 1998, through 
December 31st, 2018. Data on age, sex, hospital (public 
vs. private), primary and secondary operation codes, and 
diagnosis were obtained from the register. The coverage 
and accuracy of the NHDR have been shown to be excel-
lent [12–14].

In Finland, the healthcare system is divided into pub-
lic health care, which is accessible to all permanent resi-
dents of Finland and into private sector, which is also 
accessible to everyone, but the costs are covered by the 
patients themselves or by health or accident insurance or 
by private occupational health care bodies. Our data con-
tains all operations performed in both public and private 
hospitals.

In this study, the Finnish procedural codes main-
tained by The Nordic Medico-Statistical Committee 
(NOMESCO) [15] were used for procedural codes, and 
the ICD-10 coding system was used for diagnoses. In the 

NHDR, the procedure codes and diagnoses are recorded 
by the operating surgeon, and therefore multiple codes 
may be recorded. Knee operations related to OA and 
meniscal tear were included and categorized based on 
the ICD-10 code. The diagnosis code was subsequently 
combined with the procedural codes and formed the fol-
lowing four groups: (I) Arthroscopy due to osteoarthritis, 
(II) Arthroscopic partial meniscectomy (APM) of degen-
erative meniscal tear, (III) APM of traumatic meniscal 
tear, (IV) Repair of traumatic meniscal tear, and (V) Pri-
mary knee arthroplasty (Additional file 1: Appendix S1). 
Both unicompartmental and total knee arthroplasties 
(TKA) were included.

Patients with knee OA were included using the codes 
M17* (OA). The codes M23.2 and M23.3 were used for 
degenerative meniscal tears, and the code S83.2 (acute 
meniscal tear) was used for tears considered traumatic 
by the operating surgeon. In cases of multiple applica-
ble knee diagnoses for the same surgical procedure, the 
procedure was categorized according to the more degen-
erative diagnosis (Osteoarthritis > Degenerative meniscal 
tear > Traumatic meniscal tear).

The data for recurrent arthroscopies and knee arthro-
plasty were analyzed patient-wise. (1) Recurrent knee 
arthroscopies were evaluated by including all arthrosco-
pies for each patient, and by calculating the time differ-
ence between the first and the second knee arthroscopy 
during this period. The recurrent arthroscopies were 
presented after one and three years of follow-up. (2) 
The time difference between arthroscopy and arthro-
plasty was calculated from the time difference from 
the last arthroscopy to the first knee arthroplasty. All 
arthroscopies performed 10 years prior to the first knee 
arthroplasty were included. The primary operations were 
limited so that they began from 2008, ensuring a similar 
follow-up period for each patient. For reoperations and 
previous operations before TKA, the same inclusion cri-
teria as for primary surgeries was used.

Statistical analysis
The annual incidences (per 100 ,000 person-years) 
were calculated based on the entire adult population 
(age ≥ 18  years) of Finland obtained from the national 
population register (Official Statistics of Finland). The 
annual mean of the population, comprising approxi-
mately 4 500,000 citizens in 1998 and 4,900,000 citizens 
in 2018, was used. All incidences were weighted by age 
and gender. The continuous variables were presented as 
mean with standard deviation (SD) or as median with 
interquartile range (IQR) based on the distribution of 
the variable. The normality of the continuous variables 
was confirmed by inspection of histograms for the cor-
responding groups. All analyses were performed using 
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R version 4.0.5 (R Foundation for Statistical Computing, 
Vienna, Austria).

Ethical approval
According to Finnish research legislation and the Finn-
ish National Board on Research Integrity, appointed by 
the Ministry of Education and Culture: "The review of 
the ethics committee is not required for the research of 
public and published data, registry and documentary 
data and archive data.". Thus, ethical approval was not 
required. However, the institutional permit was obtained 
from the Finnish Institute for Health and Welfare (Per-
mission number: THL/1800/5.05.00/2019).

Results
The data comprised a total of 299 326 knee arthroscopies 
and 184 473 arthroplasties. The incidence of arthroscopic 
knee procedures decreased by 74% from 413 per 100,000 
person-years in 2007 to 106 per 100 000 person-years in 
2018 (Fig. 1A). In addition, the incidence of knee arthro-
plasty increased by 179% from 94 per 100 000 person-
years in 1998 to 262 per 100 000 person-years in 2018. 
During the same period, the median (IQR) age of the 
patients who underwent knee arthroscopy decreased 
from 51 (41 to 59) to 46 (35 to 55), and the median (IQR) 
age of knee arthroplasty patients decreased from 71 (65 
to 76) to 69 (62 to 75) (Fig. 1B).

Initially, the incidence of all arthroscopies increased 
between 1998 and 2006 (Fig. 2A), but subsequently began 
to decrease. Indeed, between 2006 and 2018, arthroscopy 
due to OA decreased by 91% and APM for degenera-
tive meniscal tears decreased by 77%. Furthermore, the 
incidence of arthroscopies for traumatic meniscal tears 
decreased by 57% between 2011 and 2018. For menis-
cal repairs, the incidence increased continuously from 4 
to 19 per 100 000 person-years between 1998 and 2018, 
resulting in an increase of 375%.

The median age for all arthroscopy patients slowly 
increased between 1998 and 2013 and then decreased 
rapidly between 2013 and 2014 (Fig. 2B). Between 2011 
and 2018, the median age of patients undergoing arthros-
copy for OA decreased from 56 to 53 years, whereas for 
those patients undergoing APM of degenerative menis-
cal tear median age increased from 47 to 49  years. The 
median age of patients undergoing APM of traumatic 
meniscal tear increased from 41 to 46 years. The median 
age of patients undergoing meniscal repair increased 
continuously from 28 to 32 years.

Between 1998 and 2017, the percentage of recurrent 
knee arthroscopies 1  year after primary arthroscopy 
decreased from 6.1% to 2.4% (Fig. 3). Similarly, between 
1998 and 2015, the percentage of recurrent knee arthros-
copies 3 years after primary arthroscopy decreased from 

12.3% to 6.5%. In addition, the mean delay between knee 
arthroscopy and arthroplasty increased from 3.9 (SD 3) 
years to 6.2 (SD 2.7) years between 2008 and 2018 (Fig. 4).

Discussion
The main finding of the present study is that the inci-
dence of degenerative knee arthroscopies is rapidly 
decreasing, indicating that the high-quality evidence 
has had clear impact on the clinical practices regarding 
the arthroscopic treatment of knee osteoarthritis and 
degenerative meniscal tears. The decrease first occurred 
in 2006 among patients undergoing arthroscopy for OA 
and arthroscopic partial meniscectomy for degenera-
tive and traumatic meniscal tears. The decrease became 
more pronounced after 2013. Conversely, the incidence 
of menisci repairs increased continuously between 1998 
and 2018. The recurrent arthroscopy rate after the first 
knee arthroscopy decreased by more than 50% between 
1998 and 2017, and the delay between arthroscopy and 
arthroplasty increased from 4 to 6 years. Moreover, dur-
ing the same period, the incidence of knee arthroplasty 
almost tripled, and the median age of patients decreased 
from 71 to 69 years.

The finding of a decreasing incidence of arthroscopies is 
likely a result from the implementation of evidence-based 
medicine in surgery and its dissemination in Finland. The 
placebo-controlled study by Moseley et al. (2002) was the 
first high quality trial to report that knee arthroscopy for 
patients with osteoarthritis did not improve outcome [1]. 
The number of such arthroscopies decreased quite rap-
idly after the publication of the study findings (approxi-
mately 2006), four years after the highest peak in knee 
arthroscopy for degenerative knee disease and osteoar-
thritis was recorded. Thereafter, these trends remained 
stable, but another steep decrease occurred after 2013. 
This decrease was probably related to the findings of the 
placebo-controlled trial of arthroscopic partial meniscec-
tomy for degenerative meniscus tears by Sihvonen et al. 
[2] that was conducted in Finland. Due to the local nature 
of the trial, the study received more media attention in 
Finland than the study by Moseley et al. Consequently, it 
affected the policies of the insurance companies, which 
discontinued compensation for surgery for degenerative 
meniscus.

In an earlier Finnish epidemiological study by Mattila 
et  al. [8], the onset of a decreasing trend in degenera-
tive knee arthroscopy had already been noted. In their 
study, the data were limited to the year 2012, when the 
most pronounced decrease had not yet been reached. 
More interestingly, the mean age of the patients had not 
at that time turned into a clear decrease. Nevertheless, 
the mean age of the patients began to decrease promi-
nently after 2013. This may be seen as the result of the 
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Fig. 1  The incidence A and the median age (IQR) B of patients undergoing arthroscopic knee operations due to meniscal tears, degenerative 
meniscal tears, or osteoarthritis in Finland between 1998 and 2
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emerging evidence on degenerative knee disease. In 
addition, more strict insurance compensation policies 
may favor the use of a traumatic tear code in the treat-
ment of degenerative treat rather than a non-traumatic 
code. As hypothesized, however, the decreasing mean 
age in all diagnosis groups, except in the traumatic 

menisci lesions group, indicates that the research-
based evidence has been well adopted.

In the present study, a continuous increase in the inci-
dence of menisci repairs were observed. Against the 
expectations, the median age of this patient group simul-
taneously increased. Of all the arthroscopic operations 

Fig. 2  The incidence of knee arthroscopy A and the median age B of patients undergoing arthroscopic treatment in Finland between 1998 
and 2018
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Fig. 3  The rate (%) of recurrent arthroscopies after primary knee arthroscopy per patient after 1 and 3 years of follow-up in Finland between 1998 
and 2017

Fig. 4  The mean (+ -SD) duration between operations in patients who underwent arthroscopy 10 years before the first knee arthroplasty in Finland 
between 2008 and 2018
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for meniscus-related diseases, an arthroscopy for trau-
matic lesions is the only one that is still recommended in 
the literature [10]. In our nationwide sample, the median 
age of patients was 32 (IQR 25 to 41) years, which means 
that 50% of these patients are aged between 25 and 41. 
While it is difficult to distinguish those patients with truly 
traumatic lesions and those with degenerative lesions 
[16–19], increasing mean age may indicate that there 
exists a meaningful proportion of degenerative meniscus 
lesions in this group that are labeled as traumatic ones. 
It is also possible that in patients undergoing MRI after a 
minor injury, the existent of a degenerative meniscal tear 
might be considered to be a result of the injury, although 
the proportion of incidental meniscus lesions has been 
found to be considerable. [19] Possible reasons behind 
the increasing incidence of meniscus repairs is that it has 
been reported to result in higher functional scores and 
less radiologic degeneration than APM in the long term 
[20]. A second possible factor is that the techniques for 
the repair have advanced during recent years [21]. These 
changes have led to a drift away from resection towards 
repair, known in the literature as the: “Save the meniscus” 
campaign [22, 23].

Knee arthroplasty is the definitive treatment of end-
stage knee OA [24]. However, younger patients are at 
higher risk for perceiving more knee-related dysfunc-
tion and dissatisfaction in addition to early periprosthetic 
joint infection and aseptic mechanical failure leading 
to revision surgery. Therefore, the operation should be 
delayed for as long as possible. [25–27] The increas-
ing incidence of knee arthroplasty has been previously 
reported [28]. Furthermore, it has also been reported that 
the incidence of knee arthroplasty in Finland is the high-
est among the Nordic countries. Data from the Nordic 
arthroplasty register showed that in 2012 the incidence 
of knee arthroplasty was 280 in Finland, 210 in Sweden 
and Denmark, and 140 in Norway per 100 000 inhabit-
ants. [28] The reasons for the higher incidence in Finland 
have been hypothesized previously by Niemeläinen et al. 
[28] One of the hypotheses, especially for the rapid rise 
that occurred between 2004 and 2006, is that new social 
and health care regulations obliged hospitals to shorten 
patient waiting times for surgery.

For comparison, the mean age of all knee arthro-
plasty patients in Sweden decreased from 71 to 69, 
[29] between 1995 and 2018, and therefore strictly fol-
lowed the same age trend we have reported in the pre-
sent study from Finland. The suggested reasons behind 
the increasing incidence of younger knee arthroplasty 
patients may be the increasing prevalence of obe-
sity [30, 31] and the popularity of contact sports, [32] 
leading to a higher prevalence of knee OA in younger 
patients. In addition, the development of fast-track 

surgery may have made the process easier for younger 
patients and also increased the volume of arthroplasty 
hospitals [33, 34].

Previously, knee arthroscopy was regarded as a pre-
stage option for patients with degenerative knee disease, 
and it was often performed more than once prior to knee 
arthroplasty [8]. In the present study, a 61% increase in 
the mean duration between knee arthroscopy and the 
first knee arthroplasty were found, reaching a mean dura-
tion of 6.2 years before the knee arthroplasties performed 
in 2018. Although the change has been rapid and is in 
line with corresponding duration in other countries, it 
is still notably shorter than that reported in Italy (2015, 
13.3 years in 20 years of follow-up) and the USA (2011, 
9 years in 10 years of follow-up). [35] It should be noted, 
however, that these previous studies did not include 
nationwide trends, and therefore include more uncer-
tainty. In addition, many of the studies investigating the 
delays have had a follow-up of only 1 to 3 years, and thus 
we were unable to perform direct comparisons [35].

The main strength of the study is the representative 
data including all operations performed in all hospi-
tals in Finland between 1998 and 2018. In addition, the 
data reliably included the age of all patients, and we were 
therefore able to investigate the true changes in the mean 
age. The main weakness is that the study groups are 
based on the diagnosis and operation codes determined 
by the operating surgeon, and traumatic APM group may 
contain both erroneous traumatic diagnosis codes repre-
senting non-traumatic meniscal tears. In addition, there 
might be variation between the codes used by individual 
surgeons. Secondly, the data represents Finnish health 
care and is not generalizable to other nations and health 
care systems.

In conclusion, increasing evidence that refrains from 
recommending knee arthroscopy for OA and degen-
erative meniscal tears has led to a dramatic decrease in 
the incidence of these operations. Simultaneously, the 
median age of the patients undergoing these procedures 
has continuously decreased.
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