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Abstract: Accurate knowledge of the prevalence and trends of orthopedic surgeries can facilitate
the design of medical plans for effective treatments. The National Endoprosthetic Registry (NER) in
Romania provides statistics on endoprosthetic activity (hip, knee), cases of fractures and bone tumors
as a result of the legal obligations to report interventions performed by all orthopedic traumatology
hospitals/wards in the country. The aim of this study is to describe the annual volumes of orthopedic
surgeries between 2001 and 2022 in Romania and analyze the current and future evolution trends of
the studied surgeries, gender differences and regional differences based on a complete survey carried
out at a national level. For the period 2001–2022, we extracted from the NER the annual volumes of
orthopedic interventions performed. With these data, we studied the prevalence and estimated, with
the support of an original calculation methodology, the variation trends of orthopedic surgeries in two
situations: over the entire 21-year period, respectively, and over the period 2001–2020, which does not
include the pandemic period. For hip replacement surgery and knee replacement surgery, we showed
the prevalence by subcategory of interventions, gender distribution, regional prevalence and regional
density calculated by the annual averages of the total number of cases reported per 100,000 people in
the 40 counties of the country and the capital, Bucharest. We also determined the variations in hip
and knee arthroplasty revision burdens, calculated as a percentage between the number of revisions
and the number of primary interventions in the same period. We determined the regional densities of
revision burdens. The total number of orthopedic surgeries in the period 2001–2022 was 1,557,247, of
which 189,881 were hip replacement surgeries; 51,035 were knee replacement surgeries; 11,085 were
revision hip arthroplasty; 1497 were revision knee arthroplasty; 541,440 were operated fractures; and
16,418 were operated bone tumors. The growth rates of surgical interventions are hip replacement
surgery, +8.19%; knee replacement surgery, +19.55%; revision hip arthroplasty, +9.43%; and revision
knee arthroplasty, +28.57%. With these data, we have estimated a doubling of the volume of primary
and revision interventions of the hip until 2034 and the knee until 2027, respectively. Operated
bone tumors register an annual decrease of −4.52% thanks to modern treatments. There are clear
gender differences; for primary hip interventions, the proportion of women is 58.82%, and for knee
interventions, the proportion of women is 76.42%. This is the first research that, with the support of
exhaustive data from the NER, analyzes for the period 2001–2022 the annual number of orthopedic
surgeries in Romania. It allows knowledge of the large, anticipated increases in orthopedic surgery
and provides a quantitative basis for future policy decisions related to the need for medical personnel
and material resources.

Keywords: orthopedic surgeries; hip replacement surgery; knee replacement surgery; revision
burden; National Endoprosthetic Registry
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1. Introduction

Arthroplasty is an effective treatment for patients experiencing permanent restriction
of joint function due to joint destruction that cannot be treated by other methods. Hip and
knee arthroplasties can restore joint function, weight-bearing capacity and quality of life [1].
Accurate knowledge of the prevalence and trends of arthroplasties facilitates the design of
medical plans for effective treatments [2,3]. For this, large studies can be carried out with
the support of national arthroplasty registries, which are now available in several countries
and which provide accurate information on the number of annual arthroplasties [4,5].

In Romania, through the National Public Health Program called “Prevention in Ortho-
pedics and Traumatology” of the Ministry of Health, the National Endoprosthesis Register
(NER) was launched in 2001 [6]. The main purpose of the register is to act as a surveillance
tool for the volumes of orthopedic surgery performed nationally. It also constitutes its own
database for each orthopedic service, where it can see all its reported data that it can com-
pare with the totalized volumes per country. The registry operates on a non-competitive
basis and patient information is confidential. All orthopedic traumatology hospitals/wards
are obliged to report to the NER the activity of endoprosthesis (hip, knee) and cases of
fractures and bone tumors in accordance with the provisions of Order 1591/1110/2010 [7].
At the moment, 125 hospitals are registered in the register, and a complete investigation is
possible regarding three categories of interventions: national situations about hip replace-
ment, national situations about knee replacement and national situations about tumors and
fractures in orthopedic services. By reporting the results, the information in the registry
allows comparisons with other registries, economic analyses [8–10], estimation of changes
in the number of procedures and the use of resources over time [11,12].

A number of studies indicate constant demands for total hip and knee arthroplas-
ties [11,13], and these demands will increase over the next 10 years in most age groups [14].
Although recovery after arthroplasties is facilitated by the application of protocols such as
Enhanced Recovery After Surgery for primary hip and knee arthroplasty [15–17], as well as
the provision of basic elements in improvement pathways [18], there is an increase in the
incidence of the total hip and knee revision procedures [19]. At the same time, the number
of operated fractures [20,21] and bone tumors [22,23] are also increasing. All this will lead
to an increase in healthcare expenses in the future [24,25], even during periods of economic
recession [10,26].

In the USA over the past thirteen years, the rate of total hip arthroplasties increased by
approximately 50%, and the rate of total knee arthroplasties nearly tripled [27]. Additionally,
during one decade in the USA, the revision rate of total hip arthroplasties increased by
3.7%, and the revision rate of total knee arthroplasties increased by 5.4% [27].

Hypothesis 1 (H1). There is a trend of annual increase in the prevalence of orthopedic surgeries in
Romania, and the annual rate of growth can be predicted.

Studies show that in the case of hip arthroplasties, the proportion of female cases was
almost 83%, and in the case of knee arthroplasties, the proportion of female cases was almost
80% [28]. Knowing the annual rates of increase in the volumes of surgical interventions for
a certain population, the weights of interventions by gender are useful in estimating the
volume of interventions in the following years. With this information, the need for medical
personnel and hospital infrastructure in the coming period can be estimated.

Hypothesis 2 (H2). There are gender differences; the number of arthroplasties performed in women
is higher than the number of arthroplasties performed in men, and knowing them allows predicting
the effort of interventions in the following period.

Studies show that although there are regional differences in the number of hip and
knee arthroplasties by administrative units, their number in relation to the population
shows a small variation between administrative units [28].
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Hypothesis 3 (H3). The prevalence of hip and knee arthroplasties correlates with the population
served by the hospitals in the administrative unit.

The main measure to evaluate the result of arthroplasty is the revision operation.
The most common reasons for revision are deep infection, aseptic loosening, instability,
periprosthetic fracture, prosthetic insufficiency, excessive wear, stiffness or unexplained
pain [29–31].

The concept of revision burden, defined as the ratio between the number of revision
interventions and the total number of primary arthroplasties in a given period, is a measure
of the steady state and success of arthroplasty. This concept is a simple, universally
comparable parameter introduced by the director of the Swedish Hip Arthroplasty Registry
(SHAR), Dr. Henrik Malchau [32], to facilitate comparison with other national registries.
This method of calculation is not universally accepted [33–35], but it is frequently used for
analyses and comparisons by other researchers as well [11,27].

Numerous studies [8,27,30] have shown that revision surgeries require more resources
and have poorer durability and outcomes compared to the relative cost and outcomes
of primary hip and knee replacement. If by comparing the results of the orthopedic
departments, the revision tasks of the hip or the knee are significantly different, explanations
for the observed differences can be requested. In this way, best practices can be highlighted
that can promote favorable changes. This serves to strengthen the efficiency of medical
care in high-performing systems and enables the improvement of systems with higher
revision loads.

Hypothesis 4 (H4). The revision burdens for hospitals located in the counties in Romania are close,
and identifying the areas where the hospitals with the smallest revision burdens are located allows
the promotion of best practices.

Our specific aims were:

- To describe the annual volumes of orthopedic surgical interventions in the period
2001–2022 and to estimate the trends of evolution, taking into account the statistical
data recorded in the NER;

- To analyze the temporal trends of primary endoprosthesis surgeries, gender differ-
ences and regional differences;

- To analyze the current trends in the hip and knee revision burdens and to identify the
regional performances;

- To estimate the volumes of surgical interventions that are expected to be performed in
the following years by the National Health Service in order to establish the need for
specialized human resources and material endowments.

2. Materials and Methods

The methodology of this study consisted of:

1. Study design and selection of study participants;
2. Selection of the variables explored in the study and calculus methodology;
3. Data collection and statistical analysis.

2.1. Study Design and Participants

The methodology of this study consisted of a retrospective analysis of the patients’
beneficiaries of primary and revision hip and knee surgery from 125 orthopedic traumatol-
ogy hospitals/departments in Romania. All surgical interventions that were performed
between 1 January 2001 and 31 December 2022 and that were reported by hospitals to the
NER were extracted. All patients regardless of age and gender were included in the study.

For this, we used all data reported in NER for the following categories of interventions:

• Hip replacement surgery, detailed by subsequent surgeries: total hip arthroplasty—
code O12104 (in turn, detailed into prostheses: cemented total hip arthroplasty, un-
cemented total hip arthroplasty, hybrid and reverse hybrid total hip arthroplasty),
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bipolar hemiarthroplasty, unipolar hemiarthroplasty—Moore type—code O12103. We
also extracted the gender of the patients who underwent these interventions;

• Knee replacement surgery, detailed by subsequent surgeries: bicondylar knee arthro-
plasty—code O14902, unicondylar knee arthroplasty—code O14901. We also extracted
the gender of the patients who underwent these interventions;

• Revision hip arthroplasty—code O12401;
• Revision knee arthroplasty—code O15501;
• Operated fractures, including some of the following: closed reduction of femur fracture

with internal fixation (code O11808), open reduction of the ankle fracture with internal
fixation of the diastasis, fibula or malleolus (code O16801), closed reduction of tibial
diaphysis fracture with internal fixation (code O14002), open reduction of the radius
and ulnar diaphysis fracture with internal fixation (code O06504), closed reduction of
the humeral shaft fracture with internal fixation (code O04904), etc.;

• Operated bone tumors, including some of the following: benign bone tumor resection
with anatomically specific allograft (code: O19009 ), marginal excision of the malignant
bone tumor with cementation of the defect (COD: O19605), en bloc resection of the
malignant long bone tumor of the lower limb with arthrodesis of the adjacent joint
(COD: O19703), en bloc resection of the malignant long bone tumor of the upper limb
with replacement of the adjacent joint (COD: O19702), etc.;

• Hospitalized patients;
• Operated patients.

A total of 1,557,247 subjects were included in the study, which were registered in
NER (Table 1).

Table 1. Total number of patients in the period 2001–2022 who participated in the study.

Hip
Replacement

Surgery

Knee
Replacement

Surgery

Revision
Hip

Arthroplasty

Revision
Knee

Arthroplasty

Operated
Fractures

Operated
Bone

Tumors

Hospitalized
Patients

Operated
Patients

189,881 51,035 11,085 1497 541,440 16,418 1,557,247 1,093,102

Patient consent was obtained for data collection and inclusion in NER. According to
the specifications of the Ministry of Health, separate informed consent and ethical approval
were not required for the present study.

2.2. Evaluation Variables and Methodologies

Based on the formulated hypotheses, we have defined the variables and have de-
veloped the evaluation methodologies appropriate to the following explored issues: the
volumes of surgical procedures, gender differences, regional relevance and revision burden.

2.2.1. The Volumes of Surgical Procedures and Growth Rates

In order to estimate the tendency of volumes of surgery procedures, we selected as
variables the annual volume numbers of the following interventions: hip replacement
surgery (nHrs); total hip arthroplasty (nTHA); cemented total hip arthroplasty (nCTHA);
uncemented total hip arthroplasty (nUTHA); hybrid and reverse hybrid total hip arthro-
plasty (nHTHA); bipolar hemiarthroplasty (nBH); unipolar hemiarthroplasty—Moore
type (nUH); hip replacement surgery—male (nHrsM); hip replacement surgery—female
(nHrsF); knee replacement surgery (nKrs); bicondylar knee arthroplasty (nBKA); unicondy-
lar knee arthroplasty (nUKA); knee replacement surgery—male (nKrsM); knee replacement
surgery—female (nKrsF); revision hip arthroplasty (nRHA); revision knee arthroplasty
(nRKA); operated fractures—upper limb, lower limb, pelvis (nOf); operated bone tumors—
upper limb, lower limb, pelvis (nObt); hospitalized patients (nHp); operated patients (nOp).

We estimated the trends by calculating the arithmetic mean of the percentage values
of the differences in the volumes of interventions from two successive years y + 1 and y,
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related to the value of the volume of interventions from the base year y for all 20 categories
of interventions studied.

In the case of hip replacement surgery, the variation trend is expressed in the form:

VT =
Y

∑
y=1

nHrs(y + 1)− nHrs(y)
Y × nHrs(y)

·100[%] (1)

where nHrs(y) is the number of hip replacement surgeries related to year “y” from the
interval 2001−2022. Similar formulas were used for the other categories of interventions.

2.2.2. Gender Differences

In order to evaluate the gender differences in performing arthroplasties, we selected
as variables the ratio between the numbers of interventions performed in women/men
over the total number of interventions ×100 for the categories of interventions presented
in Section 2.2.1.

2.2.3. Regional Prevalence

In order to evaluate the prevalence of hip and knee arthroplasties in correlation with
the number of the population served by the hospital, we selected as variables the annual
ratio between the volume number of the interventions presented in Section 2.2.1 and the
number of the population per county (NPcounty1...41).

2.2.4. Revision Burden

For the study of revision burdens, we selected as a variable the percentage of arthro-
plasty revisions, which is determined as the ratio of the number of revision arthroplas-
ties/the number of primary arthroplasties in the same time period ×100. In this way, we
calculated the hip revision burden

HRB =
nRHA
nTHA

·100[%] (2)

and knee revision burden, respectively

KRB =
nRKA
nTKA

·100[%] (3)

We explored the revision burdens for the counties in Romania by accumulating the
interventions carried out by all the hospitals located in the respective administrative units.

By describing the proportions of hip and knee arthroplasties that required revision
surgery, surgeons have insight into the reliability of the interventions performed.

2.3. Data Collection and Statistical Analysis

In February 2023, data were collected from the NER that we obtained from the “Useful
information” section on the National Endoprosthesis Registry website. From the presented
linear and column graphs, which indicate the number of cases per year, we extracted
in Excel files the volumes related to the categories of interventions studied. For this,
we examined the annual trend in the number of surgeries corresponding to the period
2001–2022 (Appendix A).

Gender-specific values were collected for hip replacement surgery (nHrs) and knee
replacement surgery (nKrs) interventions. For the other subcategories of interventions, no
gender-specific values were collected, as they are not presented in the RNE.

Next, we extracted from the section “Orthopedic services of the RNE” the specific
numbers of interventions performed by the 125 hospitals that report to the NER. We
accumulated the specific numbers of hospital interventions in the same county, correspond-
ing to the 40 counties and the municipality of Bucharest, which we reported per 100,000
inhabitants of each county and Bucharest, respectively.
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We obtained the estimated population by county and the distribution by gender
from the National Institute of Statistics [36] from the table: “Population by gender, by
residence—counties and averages”.

The data were filtered, analyzed primarily and transferred to Microsoft Excel, GNU
PSPP and Matlab for further processing. Statistical analysis was performed with Statistics
and Machine Learning Toolbox Version 12.3 from Matlab R2022a (The MathWorks, Inc.,
Natick, MA, USA).

3. Results

In our study, we addressed the data of the 125 orthopedic traumatology hospi-
tals/departments in Romania, which are obliged to report their joint replacement surgery
activity (hip, knee) to the National Endoprosthesis Register [6] by Order of the Minister of
Health. No hospital was excluded from the list. It represents a proportion of 100% of the
orthopedic traumatology hospitals/departments existing at national level.

3.1. All Types of Orthopedic Surgeries

With the support of the data from Table 1, we represented in Figure 1 the percentages
of orthopedic surgeries performed in the period 2001–2022. The analysis shows that the
largest share of the total orthopedic surgeries from the studied period 2021–2022 is operated
fractures (66.73%), followed by hip replacement surgery (23.40%), knee replacement surgery
(6.29%), operated bone tumors (2.02%), revision hip arthroplasty (1.38%) and revision knee
arthroplasty (0.18%).
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Figure 1. The percentage shares of orthopedic surgeries in the period 2001–2022.

In the continuation of the study, we examined the annual trend in the volume of cases
between 1 January 2001 and 31 December 2022 for hip replacement surgery, knee replace-
ment surgery, revision hip arthroplasty, revision knee arthroplasty, operated fractures and
operated bone tumors (Figure 2).

We calculated the variation trends of the surgical interventions studied with formula
(1) for a number of Y = 21 years corresponding to the interval (2001−2022), which also
includes the pandemic period (Table 2). We performed the same calculations for the period
of Y = 18 years (2001−2019) without the pandemic period. Numerical values for which no
finite numbers were obtained were removed from the calculation because they have no
physical meaning.
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Figure 2. Prevalence of annual orthopedic surgeries between 2001 and 2022 in Romania based on
NER for hip replacement surgery, knee replacement surgery, revision hip arthroplasty, revision knee
arthroplasty, operated fractures and operated bone tumors.

Table 2. Variation trends of orthopedic surgical interventions in Romania.

Orthopedic Interventions
Variation Trends

Including Pandemic
[%]

Without Pandemic
[%]

Hip replacement surgery (Hrs) 5.89 8.19

Total hip arthroplasty (THA) 6.59 8.21

Cemented total hip arthroplasty (CTHA) 0.6 2.51

Uncemented total hip arthroplasty (UTHA) 13.05 15.22

Hybrid and reverse hybrid total hip
arthroplasty (HTHA) 0.18 0.22

Bipolar hemiarthroplasty (BH) 0.09 0.12

Unipolar hemiarthroplasty—Moore type (UH) 0.03 0.07

Hip replacement surgery—male (HrsM) 0.07 0.09

Hip replacement surgery—female (HrsF) 0.05 0.08

Knee replacement surgery (Krs) 16.72 19.55

Bicondylar knee arthroplasty (BKA) 17.48 20.41

Unicondylar knee arthroplasty (UKA) 14.43 18.16

Knee replacement surgery—male (KrsM) 17.57 20.87

Knee replacement surgery—female (KrsF) 16.48 19.57

Revision hip arthroplasty (RHA) 3.46 9.43

Revision knee arthroplasty (RKA) 19.98 28.57

Operated fractures (Of) −1.73 2.08

Operated bone tumors (Obt) −8.95 −4.52

Hospitalized patients (Hp) −4.33 −0.56

Operated patients (Op) −1.96 −1.89
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As shown in Figure 2 and Table 2, the highest annual growth rates in descending order
are for revision knee arthroplasty (RKA), 28.57%; knee replacement surgery—male (KrsM),
20.87%; bicondylar knee arthroplasty (BKA), 20.41%; and knee replacement surgery—
female (KrsF), 19.57%. It is worth noting that there are interventions with decreasing
rates: operated bone tumors (Obt)—4.52%, operated patients (Op)—1.89% and hospitalized
patients (Hp)—0.56%.

This partially confirms the H1 hypothesis that there is a trend of an annual increase in
the prevalence of orthopedic surgeries in Romania. By calculating the annual rate of growth,
we demonstrated that some interventions, such as revision knee arthroplasty, are increasing
and others, such as operated bone tumors, are decreasing. We have forecasted the annual
growth rate for the studied interventions, which is applicable for the immediate future, but
as data are collected in the NER, this can be updated for the highest accuracy predictions.

3.2. Hip Replacement Surgery

Next, we studied the annual trend between 1 January 2001 and 31 December 2022
in the volume of cases for the interventions that make up hip replacement surgery. In
Figure 3a, we represented the interventions that make up total hip arthroplasty: cemented
total hip arthroplasty, uncemented total hip arthroplasty and hybrid and reverse hybrid
total hip arthroplasty, as well as intervention bipolar hemiarthroplasty and unipolar
hemiarthroplasty—Moore type. In Figure 3b, we represented the cumulative gender
distribution of the interventions that make up hip replacement surgery.

As can be seen from Figure 3a and Table 2, in these intervention categories, the
highest annual growth rate is uncemented total hip arthroplasty (15.22%), while unipolar
hemiarthroplasty (0.07%), bipolar hemiarthroplasty (0.12%) and hybrid and reverse hy-
brid total hip arthroplasty (0.22%) are approximately constant over time. In the period
2001−2022, 189,881 cases were registered, of which 78,190 patients were men, i.e., 41.18%,
and 111,691 patients were women, i.e., 58.82%.
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This confirms hypothesis H2 in the case of hip replacement surgery according to which
the number of arthroplasties performed in women is 17.64% higher than the number of
arthroplasties performed in men. The knowledge of these proportions, in conjunction
with the variation trends of the surgical interventions calculated in Section 3.1, allows
forecasting the effort of hip arthroplasty interventions in the following period by referring
to the number of the population in the administrative units of the country.

3.3. Knee Replacement Surgery

The annual trend between 1 January 2001 and 31 December 2022 in the volume of cases
for the interventions that make up the knee replacement surgery interventions bicondylar
knee arthroplasty and unicondylar knee arthroplasty are represented in Figure 4a. In
Figure 4b, we represented the cumulative gender distribution of the interventions that
make up knee replacement surgery.

As can be seen from Figure 4a and Table 2, in the case of knee replacement surgery,
the annual growth rate is 19.55%. The highest annual growth rate is bicondylar knee
arthroplasty (20.41%). In the period 2002−2022, 51,035 cases were registered, of which
12,036 patients were men, i.e., 23.58%, and 38,999 patients were women, i.e., 76.42%.

This confirms hypothesis H2 in the case of knee replacement surgery, according
to which the number of arthroplasties performed in women is 52.84% higher than the
number of arthroplasties performed in men. The knowledge of these proportions, in
conjunction with the variation trends of surgical interventions calculated in Section 3.1,
allows forecasting the effort of knee arthroplasty interventions in the following period by
referring to the number of the population in the administrative units of the country.
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3.4. Regional Prevalence

The total number of cases from the interval 2002–2022 for the 40 counties and the
capital Bucharest are presented in Figure 5a. The annual average of the number of cases is
represented in Figure 5b.
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The data analysis shows that for the studied interval, in the case of hip replacement
surgery (Figure 5a), the largest volumes of interventions are in Bucharest (53,498 cases),
Mures (19,257 cases), Timis (9096 cases), Cluj (8854 cases) and Brasov (8557 cases). The
annual average of the number of cases in descending order (Figure 5b) is recorded in
Bucharest (2431.73 cases), Mures (875.32 cases), Timis (413.45 cases), Cluj (402.45 cases) and
Brasov (388.95 cases).

In the case of knee replacement surgery (Figure 5a), the highest cumulative num-
bers of cases are in Bucharest (22,867 cases), Mures (3761 cases), Timis (3438 cases), Cluj
(2964 cases) and Bihor (2261 cases). The annual average of the number of cases in descend-
ing order (Figure 5b) is registered in Bucharest (1088.90 cases), Mures (188.05 cases), Timis
(163.71 cases), Cluj (148.20 cases) and Bihor (113.05 cases).

In Figure 6, maps of the densities of hip and knee arthroplasties are represented
by the annual averages of the total number of cases reported per 100,000 people in the
40 counties and the capital Bucharest for the period 2001–2022. The highest densities of
hip arthroplasties (Figure 6a) are registered in Mures (150.70), Bucharest (126.24), Brasov
(104.23), Timis (60.99) and Cluj (57.24). According to the representation in Figure 6b, the
highest densities of knee arthroplasties are recorded in Bucharest (53.96), Mures (29.43),
Brasov (925.77), Timis (23.05) and Cluj (17.19).
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replacement surgery.

From the analysis of these data, it can be concluded that hypothesis H3 is not con-
firmed, because there are large variations in the density of arthroplasties in relation to the
number of the population served by hospitals in different counties. The minimum values
of the density of hip arthroplasties have the lowest values in the counties of Tulcea (0.04),
Teleorman (2.02) and Buzau (3.14). Additionally, knee arthroplasties have extremely low
densities in counties such as Buzau, Calarasi and Vrancea.

Given the fact that the counties where the densities of arthroplasties are higher are
university medical centers, it can be concluded that university hospitals serve a larger share
of the population. Romania has 12 university medical centers, and among them, the most
active in the field of primary endoprosthesis interventions are Bucharest, Targu Mures,
Cluj–Napoca, Timisoara and Brasov.

3.5. Revision Burden

The results regarding the hip and knee arthroplasty revision burdens at the national
level are presented in Table 3, and their variations are represented in Figure 7.
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Table 3. Arthroplasty revision burdens.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Hip

Primary 3312 5236 5947 5922 6345 7141 7286 8974 8891 8869 8859

Revision 181 324 358 428 375 392 406 549 588 565 583

Revision
burden 5.46 6.18 6.01 7.22 5.91 5.48 5.57 6.11 6.61 6.37 6.58

Knee

Primary 0 27 377 499 613 883 1154 1761 1854 1685 1598

Revision 0 0 7 8 9 25 31 58 55 73 56

Revision
burden 0 0 1.85 1.60 1.46 2.83 2.68 3.29 2.96 4.33 3.50

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Hip

Primary 8973 9814 10,401 10,546 11,554 11,705 11,893 12,134 7933 9471 8675

Revision 599 710 689 570 685 719 646 693 430 406 189

Revision
burden 6.67 7.23 6.62 5.40 5.92 6.14 5.43 5.71 5.42 4.28 2.17

Knee

Primary 1822 2255 2625 3061 3958 4222 4844 5704 3221 3908 4964

Revision 71 95 101 81 133 131 143 169 90 107 54

Revision
burden 3.89 4.21 3.84 2.64 3.36 3.10 2.95 2.96 2.79 2.73 1.08
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Figure 7. Variations of the hip and knee arthroplasties revision burdens at national level in the period
2001−2022.

Revision burdens were 5.40–7.23% at the hip joint and 1.46–4.33% at the knee joint,
respectively. The increasing trend in the number of revision interventions was manifested
mainly in the period 2001–2013, after which they registered decreases, especially during
the pandemic.

In Figure 8, maps of the revision burdens are represented in the 40 counties and
the capital Bucharest for the period 2001–2022. The highest revision burden of the hip is



Healthcare 2023, 11, 1866 14 of 20

registered in Mures (0.33%), Bucharest (0.21%), Brasov (0.19%), Cluj (0.08%) and Timis
(0.06%). Knee revision records the highest revision burden in Bucharest (3.89%), Mures
(2.03%), Timis (1.87%), Sibiu (1.65%) and Brasov (1.25%).
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This finding does not confirm hypothesis H4 because there are consistent variations
in revision burdens between hospitals located in different counties of the country. The
highest revision burdens are in the university centers in Targu Mures, Bucharest, Brasov,
Cluj–Napoca, Timisoara and Sibiu. We also appreciate that the other regional hospitals,
which have smaller revision burdens, do not have university medical staff, and as a result,
hypothesis H4 cannot be confirmed, according to which they have better surgical practices.

4. Discussion

For the 22-year period between 2001 and 2022, the growth rate of hip replacement
surgery was +8.19%. In the same period, the country’s population decreased from 21.6 mil-
lion inhabitants in 2002 to 19 million inhabitants in 2022, and the share of the population
aged 65 and over increased by 4.3%, from 14% to 19.6% [36]. The rate of increase in the
number of hip replacement surgeries was approximately double the increase in the elderly
population, which may be due to the expansion of indications for these interventions
according to the good clinical results [37]. This growth trend could lead to a doubling of
the number of hip replacement surgeries in Romania by 2034. Our findings are consistent
with the results of the study published by Pabinger and Geissler [38], who showed that hip
arthroplasty is increasing exponentially in OECD (Organization for Economic Co-operation
and Development) countries, but the rates vary from one country to another: USA, +12.87%;
Australia, +7.77%; United Kingdom, +6.95%; Germany, +6.07%; Spain, +6.73%; etc.

The growth rate of the number of knee replacement surgeries for the studied period
was +19.55%. This is mainly due to the recommendations for surgical intervention in
the diagnosis of painful knee osteoarthritis [39] and to the good clinical outcomes after a
knee replacement as a result of the application of rapid recovery protocols [40]. With this
growing trend, the volume of knee replacement surgery will double in Romania in the next
5 years, i.e., until 2027. Our findings are consistent with the results of the study by Pabinger
et al. [41], who showed that knee arthroplasty is growing exponentially in OECD countries
due to the prevalence of obesity: USA, +20.26%; Australia, +18.46%; United Kingdom,
+13.06%; Germany, +12.80%; Spain, +11.76%; etc. Higher rates of increase are seen in
patients aged 64 years or younger compared to the older population. This trend could lead
to a fourfold increase in demand for knee arthroplasty in OECD countries by 2030.
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For knee arthroplasty interventions, we found 2.38 times higher growth rates com-
pared to those for the hip. Our finding is consistent with the results of the study conducted
by Falbrede et al. [42] in Germany, Switzerland and the USA, which also reported annual
increases in the rates of primary arthroplasties, with knee arthroplasties being higher. This
situation is undoubtedly due to the failure of some new technologies that recorded poor
results, such as the ASR XL Acetabular System and the ASR Hip Resurfacing System [43],
which were withdrawn by the manufacturer from the worldwide market, as well as the
components fabricated from cobalt–chromium alloy [44] or due to corrosion at the modular
neck–stem junction systems [35].

Operated bone tumors recorded a decrease of −4.52%, probably due to chemotherapy
treatments, radiation therapy, as well as novel therapeutic approaches and hydrogel-based
anticancer therapy [45]. Additionally, new therapeutic methodologies, nanotechnology-
based anticancer therapy [46] and bifunctional biomaterials combining tumor photothermal
therapy with enhanced bone regeneration [47] were applied to patients with osteosarcoma.

Clear gender differences were evident for primary arthroplasty interventions, as the
proportion of women who had hip replacement surgery was 58.82%, and the proportion of
women who had knee replacement surgery was 76.42%. This finding is consistent with other
studies that indicate female proportions of up to 70–90% for all-joint arthroplasties [28,48–50].

The distribution of the number of primary arthroplasty interventions by county,
related to the population, showed consistent variations. The densities of hip replacement
surgery and knee replacement surgery, respectively, recorded the highest values in the
capital Bucharest and the counties of Mures, Brasov, Timis and Cluj. These are among the
12 counties where there are university medical centers. We found that the distribution
of arthroplasties performed in regional hospitals is not proportional to the share of the
population, with hospitals located in university centers being preferred. However, larger
centers do not report more cases, with special regional performances highlighted for Mures,
which has the highest densities of hip arthroplasties and which, for certain categories of
interventions, is ahead of other larger university centers, such as Bucharest, Cluj, Timis and
Brasov. This finding is somewhat different from the result of the study conducted in Japan
by Katano et al. [28], who indicated small variations in the densities of arthroplasties per
population and prefectures.

Revision burden is a measure that may be useful in tracking the effect of changes
in surgical technique and implant design over time on the registry population. The hip
replacement surgery revision percentages (7.23%) have higher values compared to the
knee replacement surgery revision percentages (4.33%). However, the results of this
analysis should be interpreted with caution because revision rates were calculated as the
ratio of the number of revisions over the number of primary interventions performed in
the same year. The accuracy of revision rates would be more relevant if patients were
followed continuously. The relative decreases in revision burdens after 2013 seem to be
due to improvements in implant design and materials used, such as highly cross-linked
polyethylene, but also feedback from surgeons, hospitals and manufacturers [51,52].

The +9.43% growth rate of the number of hip arthroplasty revisions predicts a doubling
of the volume of interventions by 2034. The growth forecast for revision knee arthroplasty
of +28.57 will lead to a doubling of the volume of interventions in less than 4 years. We
found 3.02 times higher growth rates for knee revisions compared to hip revisions.

The distribution of the number of revision interventions by county, related to the
number of the population, showed consistent variations, and the highest densities of hip
and knee revisions are recorded in the university centers that perform the largest volumes
of primary interventions. Larger centers do not report more cases, and special regional
performances are in Mures, which has the highest revision burden of the hip.

However, comparing hip replacement surgery and knee replacement surgery shows a
much higher number of hip replacement surgeries, 189,881, versus 51,035 knee replacement
surgeries. The density per county related to the population has an average value of 30.72 for
interventions on the hip and 6.60 for interventions on the knee, respectively. This suggests
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a more stable surgical indication for the hip joint. Additionally, the indication for surgical
intervention in each county is more constant for the hip than for the knee. This result must
be analyzed, taking into account the findings of the study conducted by Sabah et al. [53],
who are of the opinion that due to underreporting and lack of data on implant revisions
and failure rates, they are more vulnerable compared to primary arthroplasty procedures.

The first limitation of this study questions the accuracy of data from the National
Endoprosthetic Registry and the percentage of interventions that are reported. According
to national legislation, all hospitals that perform orthopedic surgeries must report them
periodically to the NER. However, there may be delays in the reports sent by some hospitals,
so the totals are periodically adjusted for records from the last 1–2 years. Another limitation
is due to the lack of records of patients’ personal data, which would allow a continuous
follow-up of them. NER does not provide data on diagnosis, surgical procedures and
implant models or other information such as the type of implanted socket (hemispherical,
threaded), the type of stem (surface replacement, short metaphyseal, standard), type
of articulation (ceramic/ceramic, metal/polyethylene, etc.), the cause of revision, etc.
The information regarding the age and domicile of the patients is also not known. The
calculation mode of the revision tasks does not use the direct links between the initial
operation and the revision one, and for this reason, a survival analysis of the implants
cannot be performed. The National Endoprosthetic Registry offers the possibility to observe
trends only in the most elementary domains without allowing the exploration of more
precise domains.

Future research directions should include in the analysis the updated volumes of data
as they are reported by hospitals to the NRE. We will also include information in the studies
regarding the increase in patient expectations, life expectancy and the prevalence of obesity.
We will study the influence of the pandemic period on orthopedic surgeries and the return
to post-pandemic normality [54,55].

5. Conclusions

This is the first research that, with the support of exhaustive data from the National
Endoprosthetic Registry, analyzes the annual number of orthopedic surgeries in Roma-
nia for the period 2001−2022. During the studied period, 1,093,102 patients were op-
erated on with various interventions: 189,881—hip replacement surgery; 51,035—knee
replacement surgery; 11,085—revision hip arthroplasty; 1497—revision knee arthroplasty;
541,440—operated fractures; and 16,418—operated bone tumors.

The annual growth rate of hip replacement surgery is +8.19%, and the annual growth
rate of knee replacement surgery is +19.55%. For primary arthroplasty interventions, there
are clear gender differences. The annual growth rate for knee arthroplasty interventions is
2.38 times higher compared to hip arthroplasty. The proportion of women who underwent
hip replacement surgery was 58.82%, and the proportion of women who underwent knee
replacement surgery was 76.42%.

The annual growth rate of the number of revision hip arthroplasties is +9.43%, and
the annual growth rate of the number of revision knee arthroplasties is +28.57%. The
annual growth rate for knee revisions is 3.02 times higher for knee procedures compared to
hip procedures.

Primary and revision hip volumes will double by 2034, while primary and revision
knee volumes will double by 2027.

Modern treatments have led to an annual decrease of −4.52% in operated bone tumors.
The distribution of the number of primary and revision surgical interventions by

county, compared to the population, shows consistent variations, the highest densities being
recorded in the capital and the counties where university centers are located: Bucharest,
Targu Mures, Timisoara, Cluj–Napoca and Brasov. Special regional performances are in
Mures county, which has the highest densities of hip arthroplasties and the highest revision
burden of the hip. This information is useful for identifying the best-performing hospitals
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in the country, collecting the best practices and making an international comparison of
variation in performance between hospitals.

The results of this study allow further knowledge of the anticipated large increases in
orthopedic surgery. This provides a quantitative basis for future policy decisions related
to the number of orthopedic surgeons needed to perform these procedures, but also the
allocation of adequate material resources to meet this need.
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Appendix A

Table A1. Number of cases in the period 2001–2022 and gender of patients who participated in
the study.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Hip replacement surgery (nHrs)

3312 5236 5947 5922 6345 7141 7286 8974 8891 8869 8859 8973 9814 10,401 10,546 11,554 11,705 11,893 12,134 7933 9471 8675

Total Hip Arthroplasty (nTHA)

2252 3288 3594 3719 4091 4738 5004 6128 6022 5710 5631 5887 6544 7093 7064 7838 8020 8125 8546 5163 6793 6693

Cemented Total Hip Arthroplasty (nCTHA)

1690 2295 2495 2576 2778 2915 2784 3190 3089 2755 2663 2812 2797 2891 2620 2786 2707 2610 2424 1230 1665 1356

Uncemented Total Hip Arthroplasty (nUTHA)

521 940 1006 1048 1216 1712 2106 2827 2792 2655 2426 2571 3086 3569 3696 4263 4559 4791 5294 3480 4506 4722

Hybrid and Reverse Hybrid Total Hip Arthroplasty (nHTHA)

41 53 93 95 97 111 114 111 141 300 542 504 661 633 748 789 754 724 828 453 622 615

Bipolar Hemiarthroplasty (nBH)

268 456 481 415 378 519 426 519 516 561 589 563 581 653 718 953 1312 1399 1525 1365 1312 1048

Unipolar Hemiarthroplasty—Moore type (nUH)

792 1492 1872 1788 1876 1884 1856 2327 2353 2598 2639 2523 2689 2655 2764 2763 2373 2369 2063 1405 1366 934

Hip replacement surgery—male (nHrsM)

1286 2065 2294 2299 2607 2823 2904 3662 3563 3552 3718 3681 3990 4235 4274 4756 4916 5037 5267 3303 4024 3934

Hip replacement surgery—female (nHrsF)

2026 3171 3653 3623 3738 4318 4382 5312 5328 5317 5141 5292 5824 6166 6272 6798 6789 6856 6867 4630 5447 4741

Knee replacement surgery (nKrs)

0 27 377 499 613 883 1154 1761 1854 1685 1598 1822 2255 2625 3061 3958 4222 4844 5704 3221 3908 4964

Bicondylar Knee Arthroplasty (nBKA)

0 6 332 469 590 848 1111 1684 1796 1629 1538 1775 2213 2580 3013 3913 4202 4781 5591 3141 3800 4880

Unicondylar Knee Arthroplasty (nUKA)

0 21 45 30 23 35 43 77 58 56 60 47 42 45 48 45 20 63 113 80 108 84

Knee replacement surgery—male (nKrsM)

0 4 87 118 139 209 275 448 438 390 349 405 525 628 703 916 954 1128 1322 778 972 1248

Knee replacement surgery—female (nKrsF)

0 23 290 381 474 674 879 1313 1416 1295 1249 1417 1730 1997 2358 3042 3268 3716 4382 2443 2936 3716

Revision Hip Arthroplasty (nRHA)

181 324 358 428 375 392 406 549 588 565 583 599 710 689 570 685 719 646 693 430 406 189
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Table A1. Cont.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Revision Knee Arthroplasty (nRKA)

0 0 7 8 9 25 31 58 55 73 56 71 95 101 81 133 131 143 169 90 107 54

Operated fractures—upper limb, lower limb, pelvis (nOf)

15,661 24,209 26,342 31,021 28,438 30,220 30,125 28,926 26,337 29,783 32,897 29,892 28,818 26,156 28,491 25,521 22,533 23,149 18,639 14,717 11,637 7928

Operated bone tumors—upper limb, lower limb, pelvis (nObt)

884 1109 1096 1145 1129 1213 1102 860 691 844 883 875 753 750 816 610 592 474 296 117 115 64

Hospitalized patients (nHp)

63,399 85,682 96,460 98,394 83,617 85,197 78,146 87,170 79,374 92,661 83,782 77,765 80,728 77,763 71,783 66,748 61,481 60,091 50,321 29,564 29,122 17,999

Operated patients (nOp)

33,418 48,932 55,636 61,938 55,385 55,124 53,397 59,698 54,083 62,560 60,216 58,322 60,909 57,568 57,606 53,626 51,487 46,109 40,502 25,959 24,296 16,331

References
1. Jameson, S.S.; Mason, J.M.; Baker, P.N.; Jettoo, P.; Deehan, D.J.; Reed, M.R. Factors influencing revision risk following 15,740

single-brand hybrid hip arthroplasties: A cohort study from a National Joint Registry. J. Arthroplast. 2013, 28, 1152–1159.e1.
[CrossRef] [PubMed]

2. Wong, J.M.; Liu, Y.L.; Graves, S.; de Steiger, R. What Is the Rerevision Rate after Revising a Hip Resurfacing Arthroplasty?
Analysis from the AOANJRR. Clin. Orthop. Relat. Res. 2015, 473, 3458–3464. [CrossRef] [PubMed]

3. Abdelaal, M.S.; Restrepo, C.; Sharkey, P.F. Global Perspectives on Arthroplasty of Hip and Knee Joints. Orthop. Clin. N. Am. 2020,
51, 169–176. [CrossRef]

4. Malchau, H.; Garellick, G.; Berry, D.; Harris, W.H.; Robertson, O.; Kärrlholm, J.; Lewallen, D.; Bragdon, C.R.; Lidgren, L.; Herberts,
P. Arthroplasty implant registries over the past five decades: Development, current, and future impact. J. Orthop. Res. 2018, 36,
2319–2330. [CrossRef] [PubMed]

5. Pabinger, C.; Bridgens, A.; Berghold, A.; Wurzer, P.; Boehler, N.; Labek, G. Quality of outcome data in total hip arthroplasty:
Comparison of registry data and worldwide non-registry studies from 5 decades. Hip Int. 2015, 25, 394–401. [CrossRef]

6. The National Endoprosthesis Registry. Available online: https://www.rne.ro/rne/informatii/ (accessed on 26 March 2023).
7. Ministry of Health. Order No. 1110 of 30 December 2010. Published in M.Of. nr. 53/21 January 2011. Available online:

https://www.cdep.ro/pls/legis/legis_pck.htp_act?ida=101357 (accessed on 26 March 2023).
8. Bhandari, M.; Smith, J.; Miller, L.E.; Block, J.E. Clinical and economic burden of revision knee arthroplasty. Clin. Med. Insights

Arthritis Musculoskelet. Disord. 2012, 5, 89–94. [CrossRef]
9. Li, C.S.; Bhandari, M. Cost-effectiveness of unicompartmental knee arthroplasty, high tibial osteotomy, and KineSpring® Knee

Implant System for unicompartmental osteoarthritis of the knee. J. Long. Term. Eff. Med. Implant. 2013, 23, 189–198. [CrossRef]
10. Kurtz, S.M.; Ong, K.L.; Lau, E.; Bozic, K.J. Impact of the economic downturn on total joint replacement demand in the United

States: Updated projections to 2021. J. Bone Joint Surg. Am. 2014, 96, 624–630. [CrossRef]
11. Kurtz, S.; Ong, K.; Lau, E.; Mowat, F.; Halpern, M. Projections of primary and revision hip and knee arthroplasty in the United

States from 2005 to 2030. J. Bone Joint Surg. Am. 2007, 89, 780–785. [CrossRef]
12. Mont, M.A.; Issa, K. Updated projections of total joint arthroplasty demands in America. Commentary on an article by Steven

M. Kurtz, PhD; et al.: “Impact of the Economic Downturn on Total Joint Replacement Demand in the United States. Updated
Projections to 2021”. J. Bone Joint Surg. Am. 2014, 96, e68. [CrossRef]

13. Sanders, T.L.; MaraditKremers, H.; Schleck, C.D.; Larson, D.R.; Berry, D.J. Subsequent Total Joint Arthroplasty after Primary Total
Knee or Hip Arthroplasty: A 40-Year Population-Based Study. J. Bone Joint Surg. Am. 2017, 99, 396–401. [CrossRef]

14. Matsuoka, H.; Nanmo, H.; Nojiri, S.; Nagao, M.; Nishizaki, Y. Projected numbers of knee and hip arthroplasties up to the year
2030 in Japan. J. Orthop. Sci. 2023, 28, 161–166. [CrossRef] [PubMed]

15. Ripollés-Melchor, J.; Abad-Motos, A.; Díez-Remesal, Y.; Aseguinolaza-Pagola, M.; Padin-Barreiro, L.; Sánchez-Martín, R.; Logroño-
Egea, M.; Catalá-Bauset, J.C.; García-Orallo, S.; Bisbe, E.; et al. Association between Use of Enhanced Recovery after Surgery
Protocol and Postoperative Complications in Total Hip and Knee Arthroplasty in the Postoperative Outcomes within Enhanced
Recovery after Surgery Protocol in Elective Total Hip and Knee Arthroplasty Study (POWER2). JAMA Surg. 2020, 155, e196024.
[PubMed]

16. Memtsoudis, S.G.; Fiasconaro, M.; Soffin, E.M.; Liu, J.; Wilson, L.A.; Poeran, J.; Bekeris, J.; Kehlet, H. Enhanced recovery after
surgery components and perioperative outcomes: A nationwide observational study. Br. J. Anaesth. 2020, 124, 638–647. [CrossRef]

17. Soffin, E.M.; YaDeau, J.T. Enhanced recovery after surgery for primary hip and knee arthroplasty: A review of the evidence. Br. J.
Anaesth. 2016, 117, iii62–iii72. [CrossRef]

18. Soffin, E.M.; Wainwright, T.W. Hip and Knee Arthroplasty. Anesthesiol. Clin. 2022, 40, 73–90. [CrossRef]
19. Schwartz, A.M.; Farley, K.X.; Guild, G.N.; Bradbury, T.L., Jr. Projections and Epidemiology of Revision Hip and Knee Arthroplasty

in the United States to 2030. J. Arthroplast. 2020, 35, S79–S85. [CrossRef]
20. Roth, A.; Ghanem, M.; Fakler, J. Patellafrakturen in der Knieendoprothetik. Orthopade 2016, 45, 416–424. [CrossRef]

https://doi.org/10.1016/j.arth.2012.11.021
https://www.ncbi.nlm.nih.gov/pubmed/23523210
https://doi.org/10.1007/s11999-015-4215-z
https://www.ncbi.nlm.nih.gov/pubmed/25721576
https://doi.org/10.1016/j.ocl.2019.11.003
https://doi.org/10.1002/jor.24014
https://www.ncbi.nlm.nih.gov/pubmed/29663575
https://doi.org/10.5301/hipint.5000239
https://www.rne.ro/rne/informatii/
https://www.cdep.ro/pls/legis/legis_pck.htp_act?ida=101357
https://doi.org/10.4137/CMAMD.S10859
https://doi.org/10.1615/JLongTermEffMedImplants.2013010146
https://doi.org/10.2106/JBJS.M.00285
https://doi.org/10.2106/00004623-200704000-00012
https://doi.org/10.2106/JBJS.N.00005
https://doi.org/10.2106/JBJS.16.00499
https://doi.org/10.1016/j.jos.2021.09.002
https://www.ncbi.nlm.nih.gov/pubmed/34593285
https://www.ncbi.nlm.nih.gov/pubmed/32049352
https://doi.org/10.1016/j.bja.2020.01.017
https://doi.org/10.1093/bja/aew362
https://doi.org/10.1016/j.anclin.2021.11.003
https://doi.org/10.1016/j.arth.2020.02.030
https://doi.org/10.1007/s00132-016-3254-9


Healthcare 2023, 11, 1866 19 of 20

21. Steinmetz, S.; Brügger, A.; Chauveau, J.; Chevalley, F.; Borens, O.; Thein, E. Practical guidelines for the treatment of patellar
fractures in adults. Swiss Med. Wkly. 2020, 150, w20165. [CrossRef]

22. Sevimli, R.; Korkmaz, M.F. Analysis of orthopedic surgery of patients with metastatic bone tumors and pathological fractures.
J. Int. Med. Res. 2018, 46, 3262–3267. [CrossRef]

23. Bartelstein, M.K.; Boland, P.J. Fifty years of bone tumors. J. Surg. Oncol. 2022, 126, 906–912. [CrossRef]
24. Ong, K.L.; Mowat, F.S.; Chan, N.; Lau, E.; Halpern, M.T.; Kurtz, S.M. Economic burden of revision hip and knee arthroplasty in

Medicare enrollees. Clin. Orthop. Relat. Res. 2006, 446, 22–28. [CrossRef]
25. Piscitelli, P.; Iolascon, G.; Di Tanna, G.; Bizzi, E.; Chitano, G.; Argentiero, A.; Neglia, C.; Giolli, L.; Distante, A.; Gimigliano, R.;

et al. Socioeconomic burden of total joint arthroplasty for symptomatic hip and knee osteoarthritis in the Italian population: A
5-year analysis based on hospitalization records. Arthritis Care Res. 2012, 64, 1320–1327. [CrossRef] [PubMed]

26. Iorio, R.; Davis, C.M., 3rd; Healy, W.L.; Fehring, T.K.; O’Connor, M.I.; York, S. Impact of the economic downturn on adult
reconstruction surgery: A survey of the American Association of Hip and Knee Surgeons. J. Arthroplast. 2010, 25, 1005–1014.
[CrossRef]

27. Kurtz, S.; Mowat, F.; Ong, K.; Chan, N.; Lau, E.; Halpern, M. Prevalence of primary and revision total hip and knee arthroplasty
in the United States from 1990 through 2002. J. Bone Joint Surg. Am. 2005, 87, 1487–1497. [PubMed]

28. Katano, H.; Ozeki, N.; Kohno, Y.; Nakagawa, Y.; Koga, H.; Watanabe, T.; Jinno, T.; Sekiya, I. Trends in arthroplasty in Japan by a
complete survey, 2014–2017. J. Orthop. Sci. 2021, 26, 812–822. [CrossRef] [PubMed]

29. Melvin, J.S.; Karthikeyan, T.; Cope, R.; Fehring, T.K. Early failures in total hip arthroplasty—A changing paradigm. J. Arthroplast.
2014, 29, 1285–1288. [CrossRef] [PubMed]

30. Bryan, R.S.; Rand, J.A. Revision total knee arthroplasty. Clin. Orthop. Relat. Res. 1982, 170, 116–122. [CrossRef]
31. Siqueira, M.B.; Klika, A.K.; Higuera, C.A.; Barsoum, W.K. Modes of failure of total knee arthroplasty: Registries and realities.

J. Knee Surg. 2015, 28, 127–138. [CrossRef] [PubMed]
32. Malchau, H.; Herberts, P.; Eisler, T.; Garellick, G.; Söderman, P. The Swedish Total Hip Replacement Register. J. Bone Joint Surg.

Am. 2002, 84, 2–20, Erratum in: J. Bone Joint Surg. Am. 2004, 86, 363. [CrossRef]
33. Liebs, T.R.; Splietker, F.; Hassenpflug, J. Is a Revision a Revision? An Analysis of National Arthroplasty Registries’ Definitions of

Revision. Clin. Orthop. Relat. Res. 2015, 473, 3421–3430. [CrossRef] [PubMed]
34. Pabinger, C.; Lumenta, D.B.; Cupak, D.; Berghold, A.; Boehler, N.; Labek, G. Quality of outcome data in knee arthroplasty. Acta

Orthop. 2015, 86, 58–62. [CrossRef] [PubMed]
35. Riddle, D.L.; Jiranek, W.A.; Hayes, C.W. Use of a validated algorithm to judge the appropriateness of total knee arthroplasty in

the United States: A multicenter longitudinal cohort study. Arthritis Rheumatol. 2014, 66, 2134–2143. [CrossRef] [PubMed]
36. National Institute of Statistics. Population by Gender, by Residence–Counties and Areas. Available online: https://insse.ro/cms/

files/RPL2002INS/vol1/titluriv1.htm (accessed on 26 March 2023).
37. Smith, L.K.; Dures, E.; Beswick, A.D. Systematic review of the clinical effectiveness for long-term follow-up of total hip arthroplasty.

Orthop. Res. Rev. 2019, 11, 69–78. [CrossRef]
38. Pabinger, C.; Geissler, A. Utilization rates of hip arthroplasty in OECD countries. Osteoarthr. Cartil. 2014, 22, 734–741. [CrossRef]
39. Price, A.J.; Alvand, A.; Troelsen, A.; Katz, J.N.; Hooper, G.; Gray, A.; Carr, A.; Beard, D. Knee replacement. Lancet 2018, 392,

1672–1682. [CrossRef] [PubMed]
40. Sattler, L.; Hing, W.; Vertullo, C. Changes to rehabilitation after total knee replacement. Aust. J. Gen. Pract. 2020, 49, 587–591.

[CrossRef]
41. Pabinger, C.; Lothaller, H.; Geissler, A. Utilization rates of knee-arthroplasty in OECD countries. Osteoarthr. Cartil. 2015, 23,

1664–1673. [CrossRef]
42. Falbrede, I.; Widmer, M.; Kurtz, S.; Schneidmüller, D.; Dudda, M.; Röder, C. Verwendungsraten von Prothesen der unterenEx-

tremität in Deutschland und der Schweiz: Ein Vergleich der Jahre 2005–2008. Orthopade 2011, 40, 793–801. [CrossRef]
43. de Steiger, R.N.; Hang, J.R.; Miller, L.N.; Graves, S.E.; Davidson, D.C. Five-year results of the ASR XL Acetabular System and the

ASR Hip Resurfacing System: An analysis from the Australian Orthopaedic Association National Joint Replacement Registry.
J. Bone Joint Surg. Am. 2011, 93, 2287–2293. [CrossRef]

44. McGrory, B.J.; MacKenzie, J.; Babikian, G. A High Prevalence of Corrosion at the Head-Neck Taper with Contemporary Zimmer
Non-Cemented Femoral Hip Components. J. Arthroplast. 2015, 30, 1265–1268. [CrossRef]

45. Shao, R.; Wang, Y.; Li, L.; Dong, Y.; Zhao, J.; Liang, W. Bone tumors effective therapy through functionalized hydrogels: Current
developments and future expectations. Drug. Deliv. 2022, 29, 1631–1647. [CrossRef] [PubMed]

46. Prasad, S.R.; Kumar, T.S.S.; Jayakrishnan, A. Nanocarrier-based drug delivery systems for bone cancer therapy: A review. Biomed.
Mater. 2021, 16, 044107. [CrossRef]

47. Liao, J.; Han, R.; Wu, Y.; Qian, Z. Review of a new bone tumor therapy strategy based on bifunctional biomaterials. Bone Res.
2021, 9, 18. [CrossRef]

48. Novicoff, W.M.; Saleh, K.J. Examining sex and gender disparities in total joint arthroplasty. Clin. Orthop. Relat. Res. 2011, 469,
1824–1828. [CrossRef]

49. Kawata, M.; Sasabuchi, Y.; Inui, H.; Taketomi, S.; Matsui, H.; Fushimi, K.; Chikuda, H.; Yasunaga, H.; Tanaka, S. Annual trends in
knee arthroplasty and tibial osteotomy: Analysis of a national database in Japan. Knee 2017, 24, 1198–1205. [CrossRef]

https://doi.org/10.4414/smw.2020.20165
https://doi.org/10.1177/0300060518770958
https://doi.org/10.1002/jso.27027
https://doi.org/10.1097/01.blo.0000214439.95268.59
https://doi.org/10.1002/acr.21706
https://www.ncbi.nlm.nih.gov/pubmed/22511508
https://doi.org/10.1016/j.arth.2010.08.009
https://www.ncbi.nlm.nih.gov/pubmed/15995115
https://doi.org/10.1016/j.jos.2020.07.022
https://www.ncbi.nlm.nih.gov/pubmed/32933832
https://doi.org/10.1016/j.arth.2013.12.024
https://www.ncbi.nlm.nih.gov/pubmed/24444568
https://doi.org/10.1097/00003086-198210000-00015
https://doi.org/10.1055/s-0034-1396014
https://www.ncbi.nlm.nih.gov/pubmed/25419836
https://doi.org/10.2106/00004623-200200002-00002
https://doi.org/10.1007/s11999-015-4255-4
https://www.ncbi.nlm.nih.gov/pubmed/25791442
https://doi.org/10.3109/17453674.2014.961119
https://www.ncbi.nlm.nih.gov/pubmed/25191934
https://doi.org/10.1002/art.38685
https://www.ncbi.nlm.nih.gov/pubmed/24974958
https://insse.ro/cms/files/RPL2002INS/vol1/titluriv1.htm
https://insse.ro/cms/files/RPL2002INS/vol1/titluriv1.htm
https://doi.org/10.2147/ORR.S199183
https://doi.org/10.1016/j.joca.2014.04.009
https://doi.org/10.1016/S0140-6736(18)32344-4
https://www.ncbi.nlm.nih.gov/pubmed/30496082
https://doi.org/10.31128/AJGP-03-20-5297
https://doi.org/10.1016/j.joca.2015.05.008
https://doi.org/10.1007/s00132-011-1787-5
https://doi.org/10.2106/JBJS.J.01727
https://doi.org/10.1016/j.arth.2015.02.019
https://doi.org/10.1080/10717544.2022.2075983
https://www.ncbi.nlm.nih.gov/pubmed/35612368
https://doi.org/10.1088/1748-605X/abf7d5
https://doi.org/10.1038/s41413-021-00139-z
https://doi.org/10.1007/s11999-010-1765-y
https://doi.org/10.1016/j.knee.2017.06.005


Healthcare 2023, 11, 1866 20 of 20

50. Koh, I.J.; Kim, M.W.; Kim, J.H.; Han, S.Y.; In, Y. Trends in High Tibial Osteotomy and Knee Arthroplasty Utilizations and
Demographics in Korea from 2009 to 2013. J. Arthroplast. 2015, 30, 939–944. [CrossRef] [PubMed]

51. Best, J.T. Revision total hip and total knee arthroplasty. Orthop. Nurs. 2005, 24, 174–179. [CrossRef]
52. McGrory, B.J.; Etkin, C.D.; Lewallen, D.G. Comparing contemporary revision burden among hip and knee joint replacement

registries. Arthroplast. Today 2016, 2, 83–86. [CrossRef] [PubMed]
53. Sabah, S.A.; Henckel, J.; Koutsouris, S.; Rajani, R.; Hothi, H.; Skinner, J.A.; Hart, A.J. Are all metal-on-metal hip revision operations

contributing to the National Joint Registry implant survival curves? A study comparing the London Implant Retrieval Centre
and National Joint Registry datasets. Bone Joint J. 2016, 98, 33–39. [CrossRef]

54. Moldovan, F.; Gligor, A.; Moldovan, L.; Bataga, T. The Impact of the COVID-19 Pandemic on the Orthopedic Residents: A
Pan-Romanian Survey. Int. J. Environ. Res. Public Health 2022, 19, 9176. [CrossRef] [PubMed]

55. Moldovan, F.; Gligor, A.; Moldovan, L.; Bataga, T. An Investigation for Future Practice of Elective Hip and Knee Arthroplasties
during COVID-19 in Romania. Medicina 2023, 59, 314. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.arth.2015.01.002
https://www.ncbi.nlm.nih.gov/pubmed/25639855
https://doi.org/10.1097/00006416-200505000-00003
https://doi.org/10.1016/j.artd.2016.04.003
https://www.ncbi.nlm.nih.gov/pubmed/28326404
https://doi.org/10.1302/0301-620X.98B1.36431
https://doi.org/10.3390/ijerph19159176
https://www.ncbi.nlm.nih.gov/pubmed/35954536
https://doi.org/10.3390/medicina59020314
https://www.ncbi.nlm.nih.gov/pubmed/36837514

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Evaluation Variables and Methodologies 
	The Volumes of Surgical Procedures and Growth Rates 
	Gender Differences 
	Regional Prevalence 
	Revision Burden 

	Data Collection and Statistical Analysis 

	Results 
	All Types of Orthopedic Surgeries 
	Hip Replacement Surgery 
	Knee Replacement Surgery 
	Regional Prevalence 
	Revision Burden 

	Discussion 
	Conclusions 
	Appendix A
	References

