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Abstract: National orthopaedic registries compile databases regarding the procedures and
outcomes. Registers while used in policy development, projecting future trends and resource
allocation also provide a means to monitor patient care, implant performance, support evidence-
based practices and a scale in which to assess quality improvement in orthopaedic surgery. These
databases can also facilitate shared decision-making between patients and surgeons. Since
international databases exist on joint prostheses that can be used to generate a comparative
analysis between different countries. By standardizing data collection among countries, one can
compare various geographical and demographic factors that may play a role in data variation.
In this paper, data from the “Norwegian National Network for Arthroplasty and Hip Fracture”
registry was collected, and statistical analysis performed to identify differences and trends in
the Norwegian data. The focus of this paper is on knee arthroplasties and, more specifically, the
reasons for primary arthroplasty, revision surgery, and reoperation surgery. We compared the
Norwegian data with Sweden, Switzerland, England, and Australian registries, however, due to
reporting inconsistencies, no comparison was generated. Thus, this paper adds an epexegesis to
the Norwegian National Registry on reasons for revisions data and constitutes a part of course
work in Experimental Orthopaedic Engineering (BME 7220).

Keywords: orthopaedic registries, knee arthroplasty, comparative analysis, revision surgery,
data standardization

1 Introduction
Norway, It is home to approximately 5.5 million people, with a projected population growth

of 6.9 million by the year 2100 [1, 2]. A majority of the population is between 30 and 55 years
old, with approximately 102 males per 100 females and a density of 18.2 people per square
kilometer [2]. Many people live in the southern region of the country around the capital, Oslo,
and in cities such as Bergen and Trondheim [1]. Ethnically, roughly 83.2% of the population is
Nordic, exhibiting the physical and cultural attributes of Norwegians [1]. People originating
from other European countries compose about 8.3% of the population, and the remaining 8.5%
originate from other countries around the world [1]. Due to Norway’s terrain, however, many of
the cities and, consequently, much of the population are located on the coastline [1].

Much of mainland Norway is heavily mountainous with extreme climates and rough terrain,
with the highest mountains measuring over 8,000 ft [1]. These mountains block coastal weather,
resulting in cold winters, warmer summers, and little precipitation [1, 3]. On the contrary, the
coastlines, where a majority of the population lives, are jagged fjords that were formed by
glaciers thousands of years ago, as well as over 50,000 islands [1].

Healthcare in Norway is government-regulated, providing Norwegian citizens with access to
free hospital care and medicine [1]. Most hospitals, where a majority of the country’s doctors
work, are owned by local and national government organizations [1]. Due to these government
efforts, the people of Norway have one of the highest standards of living in the world [1].

1.1 Norwegian National Arthroplasty Registry
In the early 1980s, it was discovered that inferior hip implants were being used in Norwegian

hospitals [4]. This subsequently prompted the creation of a national registry for hip arthroplasties
in 1987, which grew to encompass all arthroplasties in 1994 [4]. In 2009, it was added to a
national medical quality register, which now includes the arthroplasty register, hip fracture
register, knee ligament register, and paediatric hip registry [4]. The Ministry of Health and Care
Services changed the arthroplasty register to a National Advisory Unit in 2002 and changed the
name to The Norwegian National Network for Arthroplasty and Hip Fractures in 2023 [4]. The
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goal of the registries was to identify shortcomings of joint prostheses and observe related trends
over time [4]. These registries are operated by The National Network and funded by Helse Vest
RHF and Helse Bergen HF [4]. The most recent completeness reporting was for the years 2019
through 2020. For primary knee prostheses, the reporting rate is 96.6%, and the reporting rate
for knee revisions was 92.9% [5].

2 Methodology
Data from the Norwegian Arthroplasty Registry was collected for the ten most recently

reported years [5–8]. These reports were published in 2024, 2023, 2022, and 2021 but contain
data from the year prior [5–8]. Data was classified into the following categories: demographics,
operation overview, and reasons for operation. Demographic data has been obtained for the past
four years from graphs provided in the past four years’ reports. As such, discrepancies in the
recorded values may be derived from human error. Data for the operation overview and reasons
for operation were provided for the past ten years in various tables in the most recent annual
report. All data was compiled and analyzed in Microsoft Excel.

Data regarding reasons for revision of total knee prostheses with the patellar component,
total knee prostheses without the patellar component, and unicondylar prostheses were analyzed
using statistical methods to determine significant differences between reasons for each group,
respectively. A square root variance stabilization was performed for each, followed by a one-way
analysis of variance (ANOVA) and a Tukey-Kramer pair-wise comparison. The Tukey-Kramer
test is a modified version of the post-hoc Tukey test that allows for uneven data sets [9, 10].
Rather than using the normal mean, it uses the harmonic mean to determine pair-wise differences
under a studentized distribution [9,10]. This test is considered a stepwise procedure as it assumes
one type I error, and each comparison is performed under one critical value, making each pair-
wise comparison independent of one another [10]. Similar tests include Fisher’s least significant
difference test and the Bonferroni test [10].

Based on the results of this test, the three reasons for revision with the highest ten-year mean,
or average, were further analyzed via regression models to determine if there is a predictable
trend in the data. Regression models are used in statistics to determine a mathematical function
that relates one or more independent variables to a single dependent variable [11, 12]. In this
case, the independent variable is the year, and the dependent variable is the number of specific
revisions performed. The efficiency of the regression model can be assessed with the coefficient
of determination (R2) [11, 12]. This coefficient explains the proportion of variation in the
dependent variable that is considered by the model [11, 12]. Thus, an R2 value closer to one
means that there is less error in the variance and can be considered a better prediction model
than that of a regression model with an R2 closer to zero [11, 12]. In this article, the type of
regression model was chosen based on which gave the highest R2 value. In most cases, this
model was polynomial, but in one case it was a linear model. The concern of overfitting the
model was considered; hence, only a second-order polynomial model was fit, even though
in some cases, a higher-order model produced a higher R2 value. According to literature, an
acceptable R2 value is dependent on the field of study [13]. In engineering, it is stated that a
≥ 0.7 R2 value is acceptable, but the article concludes that in clinical medicine, a ≥ 0.15 R2 is
acceptable [13].

Numerous other countries publish annual arthroplasty registry reports. An effort to find an
annual report from another country that could be used in comparison to Norway was made;
however, of the ones examined, none published their reasons for revision data in a manner that
could be used in a one-to-one fashion. Countries such as Sweden, Switzerland, and England
were reviewed as each, in some form, included reasons for revision in their annual report [14–16].
The country that had the closest method of publishing their reasons for revision data to that of
Norway’s, however, was Australia [17–26].

3 Results
3.1 Registry Report Data

The first section for which data was collected was demographics. Any information regarding
the population was compiled in this section. It was noted, however, that there seemed to be
missing information for 2021, as seen in Table 1. It was also noted that some information
seemed to be copied directly from one annual report to the other, as seen in the proportion of
men and women who received primary total and unicondylar arthroplasties in 2020 and 2021.
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These noted peculiarities could have been a result of the COVID-19 pandemic that peaked in
those years. Table 1 shows the number of arthroplasties per 100,000 in both men and women
for the indicated years and the total incidence for men and women [5–8]. Table 2 and 3 show
the proportion of primary total and unicondylar prostheses, respectively, for the age at which it
was implanted [5–8]. Table 4 and 5 show the proportion of different age ranges that received
total or unicondylar prostheses, respectively, for men and women each year [5–8].

Table 1 Number of Operations per 100,000 (Incidence) [5–8]

Table 2 Proportion % of Primary Total Knee Prosthesis [5–8]

Table 3 Proportion % of Primary Unicondylar Knee Prosthesis [5–8]

Table 4 Proportion % of Primary Total Knee Prosthesis [5–8]

Table 5 Proportion % of Primary Unicondylar Knee Prosthesis [5–8]
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The second section was the operation overview, which contained general information and
data about the number and types of arthroplasty operations. Table 6 contains an overview of the
number and type of knee arthroplasties performed [5]. It was noted that data for the year 2014
was not available. Table 7 and 8report the classification of stability and modularity for primary
and revision total prostheses, respectively [5]. Table 9 provides the legend for the abbreviations
in Table 7 and 8 [5].

Table 6 Number and Type of Arthroplasty [5]

Table 7 Classification of Stability and Modularity: primary total prosthesis [5]

Table 8 Classification of Stability and Modularity: revision total prosthesis [5]

Table 9 Classification of Stability and Modularity Legend [5]

The last section for which data was collected was the reasons for operation. This section, as
the name implies, provides the number of operations performed for a specific reason related
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to primary, revision, or reoperation. Table 10 and 11 show the reasons for primary total and
unicondylar knee prostheses, respectively [5]. Table 12, 13, and 14 show the reasons for revision
of total knee prostheses with the patella component, total knee prostheses without the patella
component, and unicondylar knee prostheses, respectively [5]. Similarly, Table 15, 16, and 17
show the reasons for reoperation of total knee prostheses with the patella component, total knee
prostheses without the patella component, and unicondylar knee prostheses, respectively [5]. It
was noted that data was missing from the report for various years, as seen in Table 15 and 17.

Table 10 Reasons for primary total knee prostheses [5]

Table 11 Reasons for primary unicondylar knee prostheses [5]

Table 12 Reasons for revision: total knee prostheses with patella [5]

Table 13 Reasons for revision: total knee prostheses without patella [5]
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Table 14 Reasons for revision: unicondylar knee prostheses [5]

Table 15 Reasons for reoperation: total knee prostheses with patella [5]

Table 16 Reasons for reoperation: total knee prostheses without patella [5]

Table 17 Reasons for reoperation: unicondylar knee prostheses [5]

3.2 Reasons for Revision Pair-Wise Statistical Analysis
The reasons for revision of total knee prostheses with the patellar component, total knee

prostheses without the patellar component, and unicondylar prostheses were further investigated
due to their impact on prosthesis design. Insight into the reasons for revision allows for a
focused approach when engineering improvements for these devices. The first group analyzed
was the reasons for revision of total knee prostheses with the patellar component (TK w/ P).
Table 18 shows the square root stabilized transformation of the raw data. Table 19 shows the
one-way ANOVA performed on this transformed data. Similarly, Figure 1 and 2 show a scatter
plot and a box and whisker plot of the transformed data. Table 20 shows the results of the
Tukey-Kramer pair-wise comparison.
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Table 18 TK w/P Square Root Stabilized Transformation

Table 19 TK w/P One-way ANOVA

Figure 1 TK w/ P Scatter Plot
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Figure 2 TK w/P Box and Whisker Plot

Table 20 TK w/P Tukey-Kramer Comparison

The second group analyzed was the reasons for revision of total knee prostheses without the
patellar component (TK w/o P). Table 21 shows the square root stabilized transformation of the
raw data. Table 22 shows the one-way ANOVA performed on this transformed data. Similarly,
Figure 3 and 4 show a scatter plot and a box and whisker plot of the transformed data. Table 23
shows the results of the Tukey-Kramer pair-wise comparison.

Table 21 TK w/o P Square Root Stabilized Transformation

Table 22 TK w/o P One-way ANOVA
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Figure 3 TK w/o P Scatter Plot

Figure 4 TK w/o P Box and Whisker Plot

Table 23 TK w/o P Tukey-Kramer Comparison

The final group analyzed was the reasons for revision of unicondylar prostheses. Table 24
shows the square root stabilized transformation of the raw data. Table 25 shows the one-way
ANOVA performed on this transformed data. Similarly, Figure 5 and 6 show a scatter plot and a
box and whisker plot of the transformed data. Table 26 shows the results of the Tukey-Kramer
pair-wise comparison.
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Table 24 Unicondylar Square Root Stabilized Transformation

Table 25 Unicondylar One-way ANOVA

Table 26 Unicondylar Tukey-Kramer Comparison

Figure 5 Unicondylar Scatter Plot
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Figure 6 Unicondylar Box and Whisker Plot

3.3 Reasons for Revision Regression Statistical Analysis
In order to identify an equation that can be used to predict the future outcome of the top three

reasons for revision of each group of knee arthroplasties, a regression model was used. Figure 7,
8, and 9 show a plot of deep infection, instability, and pain, respectively, over time for total knee
prostheses with the patella. Each plot also displays the regression model trendline, equation,
and R2 value.

Figure 7 TK w/P Deep Infection Regression

Figure 8 TK w/P Instability Regression

Figure 10, 11, and 12 show a plot of pain, instability, and deep infection, respectively, over
time for total knee prostheses without the patella. Each plot also displays the regression model
trendline, equation, and R2 value.

Figure 13, 14, and 15 show a plot of the progression of osteoarthritis, pain, and instability,
respectively, over time for unicondylar knee prostheses. Each plot also displays the regression
model trendline, equation, and R2 value.
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Figure 9 TK w/P Pain Regression

Figure 10 TK w/o P Pain Regression

Figure 11 TK w/o P Instability Regression

Figure 12 TK w/o P Deep Infection Regression
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Figure 13 Unicondylar Progression of Osteoarthritis Regression

Figure 14 Unicondylar Pain Regression

Figure 15 Unicondylar Instability Regression

Table 27 below summarizes each of the regression models above. It includes the category, the
reason for revision, the regression model equation, the R2 value, and a prediction for the year
2030. This prediction, since the regression models are based on the square root stabilized data,
is a square root prediction. Since the number of revisions cannot go below zero, any negative
predictions can be considered as zero as well.

Table 27 Regression Model Summary
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3.4 Australian Reasons for Revision Data
The Australian arthroplasty registry had the reasons for revision data reported in the most

similar manner to Norway among other countries examined. Table 28 below shows the number
of each reason for revision of total knee arthroplasties (TKA) for each year, cumulatively [17–26].
Similarly, Table 29 below shows the number of each reason for revision of unicondylar knee
arthroplasties (UKA) for each year, cumulatively [17–26].

Table 28 Australian TKA Reasons for Revision [17–26]

Table 29 Australian UKA Reasons for Revision [17–26]

4 Discussion
Analyzing the data collected allows one to identify reasons for revision that differ significantly

from others and identify trends between these reasons. Table 20 analyses the reasons for revision
of total knee prostheses with the patellar component in a pair-wise fashion. Deep infection
appears to have the highest average over the past ten years, however, only 35 out of the 105
pair-wise comparisons (33.33%) were significantly different. This suggests that not many of
the reasons differ significantly for the 305 revision procedures over the past ten years. Table
23 analyses the reasons for revision of total knee prostheses without the patellar component in
a pair-wise manner. Pain appears to have the highest average over the past ten years, and 86
out of 105 pair-wise comparisons (81.90%) were significantly different. Unlike previously, this
suggests that many of the reasons differ significantly for the 3,983 revision procedures over
the past ten years. Table 26 analyses the reasons for revision of unicondylar knee prostheses
in a pair-wise method. Progression of osteoarthritis appears to have the highest average over
the past ten years, with 67 out of 91 pair-wise comparisons (73.63%) differing significantly.
This suggests that a majority of the reasons differ significantly for the 1,629 revision procedures
over the past ten years. The Scatter plots (Figure 2 through Figure 4) and the Box & Whisker
plots (Figure 5 through Figure 7) visualize the distribution of the square root stabilized data.
Thus, based on data from the past ten years in Norway, deep infection, pain, and progression of
osteoarthritis have the highest average for total knee prostheses with the patellar component, total
knee prostheses without the patellar component, and unicondylar knee prostheses, respectively.
Additionally, 81.90%, 73.63%, and 33.33% of the pair-wise comparisons differed significantly
for total knee prostheses without the patellar component, unicondylar knee prostheses, and total
knee prostheses with the patellar component, respectively.

The regression models give insight into the trends of the top three reasons for revision for
each of the three categories of knee prostheses. As mentioned above, for engineering studies, an
acceptable R2 value is considered 0.7 or above [13]. The only regression models that meet this
criterion are total knee prostheses with the patella deep infection at 0.8538, total knee prostheses
without the patella deep infection at 0.7281, and unicondylar knee prostheses instability at
0.8129. On the other hand, clinical medicine considers an R2 value of 0.15 or greater to be
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acceptable. In this case, only the pain models for total knee prostheses with and without the
patella at 0.007 and 0.0484, respectively, did not meet this criterion. Thus, by engineering
standards, only three of the regression models had what could be considered acceptable models,
whereas by clinical medicine standards, seven of the models could be considered acceptable.
The prediction for the year 2030 for deep infection of total knee prostheses with the patella
suggests that if the current trend continues, and the regression model is correct, then the number
of this reason for revision should be minimal, if not eliminated.

The Australian registry data has many similarities to the Norwegian registry [17–26]. Many
of the reasons for revision are similar or could be grouped into similar reasons, such as pain,
loosening, infection, instability, fracture, patella issues, malalignment, arthrofibrosis, and others.
The Australian registry also divides the data between total knee arthroplasties and unicondylar
arthroplasties. While the Norwegian registry categorizes the total knee arthroplasties even
further into those with and without the patella, having the split between total and unicondylar
is sufficient, as some countries like England that did report reasons for revision only gave a
total across all arthroplasties [16]. The problem with the way in which the Australian registry
reports the reasons for revision data is that for each year from 2000 to 2019, the cumulative
sum was reported. Then, after 2019, a 20-year sum was reported. This contrasts with the
year-to-year discrete number reported in the Norwegian registry. Logically, one would reason
that the year-to-year value could be calculated by subtracting the cumulative sum from the year
prior. Yet, this means that to calculate the 2020 value, the value from the year 2000 is needed.
However, in the early years of the registry, including the year 2000, the total number across all
types of knee arthroplasties was reported for each reason, similar to the way England reports
their values now [?, 16]. This makes it impossible, for an outsider, to calculate the year-to-year
value for 2020 and onward based on the yearly reports. Again, of the countries’ annual reports
that were examined, Australia reported its reasons for revision data the most similar to the way
Norway reports theirs. Thus, while it is beneficial for countries to have and report their registry
data, it is crucial that a uniform method of reporting data be established so that research on
multinational differences can be conducted.

5 Conclusion
In this article, knee arthroplasty data from national registries were analyzed with a focus on

Norway’s registry and reasons for revision. Data on knee arthroplasties regarding demographics,
the type of operations, and the reasons for operation for the ten most recently reported years
were collected from Norway’s national registry. The focus of this report was to analyze the
reasons for revision, as this data could give insight into future development in knee prosthesis
design and studies into geographical and demographic factors that may influence the data. The
reasons for revision data were analyzed using the Tukey-Kramer test to identify statistically
significant differences between reasons in a pair-wise manner. From this analysis, it was
found that 81.90%, 73.63%, and 33.33% of the pair-wise comparisons differed significantly for
total knee prostheses without the patellar component, unicondylar knee prostheses, and total
knee prostheses with the patellar component, respectively. The three reasons for revision that
had the highest mean for each type of knee arthroplasty were further analyzed via regression
modeling to identify possible trends. R2 values, offer a prediction for the year 2030 based on
the formulas. By engineering standards, only three of the nine models had acceptably high
enough R2 values, while by clinical medicine standards, seven of the nine models are acceptable
. Finally, an attempt to compare Norway’s data to other countries’ data was made. Of the
countries investigated, Australia had the closest format to that of Norway; however, due to how
the country reported its data in years past, a comparison could not be made. This necessitates
a standardization of the way in which countries report their arthroplasty data in their annual
reports. Only then can comparative analysis be done between countries that may give insight
into differences between trends, demographics, and geographic factors.
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