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Abstract

Total knee arthroplasty (TKR) is the most common and costly surgical pro-
cedure performed, and it is considered one of the most successful clinical in-
terventions for patients suffering from severe knee osteoarthritis (OA). The
incidence of TKR, including demographics, incidence rates, lengths of hospi-
tal stay, and costs, was estimated from 2010 to 2019 by analyzing data ex-
tracted from the Joint Surgery Department in our hospital, which included a
total of 6770 patients. We calculated the TKR risk ratios to compare the rate
of TKR between different covariables such as gender, age group, and primary
diagnoses. The annual volume of TKR increased by fivefold (5.14%), with a
higher incidence observed in the 60 to 69 age group constituting approxi-
mately 36% of cases. There has also been an increase in incidence among
young people (<50), which now stands at 6.2%. The rate ratio (RR) per female
vs. male was found to be 3.0 and the RR of OA vs. RA was 0.09. The mean
average length of stay (ALOS) in the hospital decreased from 15 to just 5 days
during this period. Additionally, the adjusted mean cost per patient increased
significantly from ¥ 38261 + 3630.63 to ¥ 53115.17 * 2831.35. The majority of
TKR recipients were over 60 years old with osteoarthritis being identified as
the main causative agent. It is worth noting that women are more susceptible
to knee arthritis and there is a concerning shift toward younger individuals
being affected by this disease. Our results indicate a rise in in-hospital costs
alongside a significant decline in hospital ALOS for TKR procedures. We
predict an unprecedented rise in TKR incidence in the coming years due to
population aging and improving economic conditions in China.
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1. Introduction

Osteoarthritis (OA) is a degenerative joint disease [1] and is the leading cause of
long-term disability [2] [3] [4] resulting in progressive disorder of joint function.
It is also recognized as the leading cause of disability and poor-quality life
among elderly populations within developed countries [1].

Knee OA is prevalent particularly within East Asian countries [5]. with its oc-
currence increasing with age, especially among women. In adults over the age of
45, 6% to 13% of men are affected, whereas 7% to 19% of women are affected,
demonstrating a 45% lower risk of incidence for men [6] [7]. The prevalence of
OA is markedly higher among women than men and increases noticeably with
age [8] [9]. Knee OA occurs in 12% of American adults 65 years old or elder, and
in 13% of women and 10% of men 60 years old or older in the United States [10]
[11] [12]. The prevalence of OA is 15% in women and 5.6% in men 60 years old
or older in Beijing, China [13]. The current occurrence of OA among the elderly
population in Taiwan region is about 37% of individuals over 50 years old. The
demographic crisis of aging is spreading worldwide, including in China but a full
view of the epidemiology has not been obtained. In China, few medical reports
have investigated the trends in the prevalence of primary TKRs. We sought to
estimate the incidence of TKR from 2010 to 2019 by demographics, incidence
rates, lengths of stay, and medical expenses.

Total knee replacement (TKR) is a general surgical operation with a high suc-
cess rate that improves the function and quality of life in patients with a disorder
in the knee joint [14] [15]. The rate of TKR has been steadily increasing over the
last 2 decades [16] [17]. It has consistently been demonstrated to provide
long-lasting pain relief and substantial and sustained improvement in joint func-
tioning and health-related quality of life [14] [18]-[23]. TKR does not typically
reduce mortality, but the procedure results in marked improvements in
health-related quality of life and functional status and is highly cost-effective
[24] [25].

2. Materials and Methods

We obtained hospitalization records from the Joint Surgery Department at our
hospital and utilized the data to identify all individuals who underwent primary
total knee replacement (TKR) between 2010 and 2019. This study only included
elective surgeries for individuals above 17 years of age. Procedures performed
for the treatment of chronic or complicated diseases, unicompartmental arthro-
plasty, bilateral TKRs, revision TKR, medical complications requiring extended
hospitalization, traffic accidents, and complex cases requiring additional proce-
dures were excluded from the study. Cases where patients were accommodated
in VIP wards that incurred additional hospital charges were also excluded. After
analyzing detailed records of all hospital admissions, a total of 6770 TKR proce-
dures were eligible for inclusion in the study.

The research variables included in this study comprised sex (male and fe-
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male), and age distribution of TKR recipients with changes categorized into five
groups: <50 years old, 50 - 59 years old, 60 - 69 years old, 70 - 79 years old, and
>80 years old; primary diagnoses classified into three groups: osteoarthritis
(OA), rheumatoid arthritis (RA), and Others (GA, OD, HA, etc); the average
length of stay (ALOS); and unit cost associated with this operation.

Statistical Analysis

The disease patterns of medical resource utilization (in-hospital cost and length
of hospital stay), are described by the number of cases or means with standard
deviation. To compare the rates of TKR between co-variables, we calculated the
TKR risk ratios of these variables (gender, age, age group, and primary diagno-
ses). One-way ANOVA was used for the determination of statistical significance
in hospital cost and length of hospital stay in different years. A p-value < 0.01
was considered to indicate statistical significance. All the analyses were per-
formed with SPSS software version 21.0 (SPSS, Chicago, IL).

3. Results

We examined the demographic characteristics and prevalence of key co-morbid
conditions for patients who underwent TKR between 2010 and 2019. For simplic-
ity, data are presented separately for each year. We examined changes in the mean

number during each 10 years. All analyses were performed for primary TKR.

3.1. Demographic Trends

The baseline clinical characteristics of participants with TKR are shown in Table
1. In all, 6770 TKR surgeries were performed during the 10-year study period
from 2010 to 2019.

Table 1. Case distribution of total knee replacement (TKR) from 2010 to 2019.

Year

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

No. of Procedure

172 296 502 694 784 704 834 996 903 885

Gender

Female

140 (81.39) 229 (77.36) 382 (76.09) 522 (75.21) 562 (71.68) 544 (77.27) 635 (76.13) 735 (73.79) 677 (74.97) 693 (78.30)

Male

Age
Age group
<50

32 (18.60) 67 (22.63) 120 (23.90) 172 (24.78) 222 (28.31) 160 (22.72) 199 (23.86) 261 (26.20) 226 (25.02) 192 (21.69)

64.11+8.80 64.01+8.84 63.87£9.77 64.44+9.45 64.58+9.13 65.36+9.24 65.74+8.74 66.59+8.64 65.84+9.24 66.11+9.67

9(5.23) 21(7.09) 40(7.96) 60(8.64) 50(6.37) 41(5.82) 51(6.11) 58(5.82) 43(4.76) 50 (5.64)

50-59

40 (23.25) 71 (23.98) 112 (22.31) 162 (23.34) 176 (22.44) 139 (19.74) 179 (21.46) 173 (17.36) 130 (14.39) 133 (15.02)

60-69

60 (34.88) 97 (32.77) 181 (36.05) 250 (36.02) 276 (35.2) 254 (36.07) 298 (35.73) 372 (37.34) 330 (36.54) 319 (36.04)

61 (35.46) 97 (32.77) 157 (31.27) 194 (27.95) 257 (32.78) 241 (34.23) 267 (32.01) 334 (33.53) 338 (37.43) 312 (35.25)

2(1.162) 10(3.37) 12(239) 28(4.03) 25(3.18) 29 (4.11) 39(4.67) 59(5.92) 62(6.86) 71 (8.02)

Note: Inside parenthesis indicate percentage.
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The number of TKRs significantly increased from 172 in 2010 to 885 in 2019
(an increase of 514.53%). The highest incidence was seen in 2017 (Figure 1A).
The increasing trend for the rate of TKR was seen in all age categories between
2010 and 2019, and the highest was distributed among the older age group of 60
- 69 followed by 70 - 79 years old. However, a large increase in the distribution
of TKR was also observed in the 50 - 59 age group, whose incidence rate in-
creased approximately 3.3 times. Rates of TKR in young people (<50) were also
consistently greater in the present study (Figure 1B).

An increasing trend was observed in the total knee replacement (TKR) rate for
both sexes over the 10-year study period. The incidence of TKR was significantly
higher in women than in men across all age groups studied. Specifically, the in-
cidence of TKR in men increased from 32 cases in 2010 to 192 cases in 2019
(Figure 2A), representing a six-fold increase. Similarly, the incidence of TKR in
women increased by 4.9 times, rising from 140 cases to 693 cases during the
same time frame (Figure 2B). The incidence rates of TKR stratified by sex are
depicted in Figure 1C. Notably, individuals aged between 60 and 69 exhibited
the highest incidence of TKR for both men and women.

Furthermore, there was a substantial increase in TKR among women aged >80

years; however, a similar pattern was not observed among men within this age
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Figure 1. (A) Distribution of the incidence of rates of primary TKRs in 10 years. The
number of TKRs significantly increased from 2010 to 2019 with the highest incidence in
2017. (B) The increasing trend for the rate of TKR was seen in all age categories between
2010 and 2019, and the highest was distributed among the older age group of 60 - 69 fol-
lowed by 70 - 79 years old. However, a large increase in the distribution of TKR was also
observed in the 50 - 59 age group. The rate of TKR in young people (<50) was also con-
sistently greater in the present study. (C) Distribution of primary TKRs showed incidence
rates were higher in females compared to males.
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Figure 2. (A) Year-wise distribution of incidence in males and (B) in females. An increase
in incidence was observed in both sexes with the highest incidence in 2017. (C) Age dis-
tribution concerning year in males and (D) in Females. The highest incidence was seen in
the 60 - 69 age group in both sexes (E) Overall diagnosis of osteoarthritis and rheumatoid
arthritis and (F) Primary diagnosis showed an increase in Osteoarthritis yearly basis.

group (Figure 2C and Figure 2D). Throughout the study period, it was found
that the rate of TKR incidence among females was approximately three times
that of males from 2010 to 2019. Additionally, the average age of patients un-
dergoing TKR rose from 64.11 + 8.80 years in 2010 to 66.11 + 9.67 years in
2019-a gradual increase of about two years.

Furthermore, there was a substantial increase in TKR among women aged >80
years; however, a similar pattern was not observed among men within this age
group (Figure 2C and Figure 2D). Throughout the study period, it was found
that the rate of TKR incidence among females was approximately three times
that of males from 2010 to 2019. Additionally, the average age of patients un-
dergoing TKR rose from 64.11 * 8.80 years in 2010 to 66.11 £ 9.67 years in 2019
-a gradual increase of about two years.

3.2. Trends in Medical Resources

Table 2 presents the gender-specific distribution of osteoarthritis incidence and
changing trends related to basic characteristics and medical resources allocated
to TKR procedures. The findings indicate that females had more than threefold
higher susceptibility rates compared to males (81.39% vs. 18.60%, 71.68% vs.
28.31%, and 78.30% vs. 21.69%) respectively in 2010, 2014, and 2019 with 90 %
of cases primarily diagnosed with osteoarthritis (Figure 2E). The rise in cost
during hospital stays was also observed. However, the average length of stay was
significantly reduced (15.1 4+ 6.61 vs. 5.34 + 2.4).
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The primary diagnosis during the study period was OA, which ranged from
85.47% to0 92.32% (Figure 2F). The average cost for individuals undergoing TKR
increased from ¥38261 + 3630.63 to ¥53115.17 + 2831.35 (Figure 3A), repre-
senting a statistically significant increase of 38.82% with a p-value < 0.0001. Ad-
ditionally, the ALOS for TKR notably declined from 15.14 to 5.34 days (Figure

3B), also showing statistical significance with a p-value < 0.0001.

3.3. Predictors for TKR

Table 3 shows the rate ratios of the risk factors for TKR. The rate ratio (RR) of
TKR per female compared with males was 3:1. Compared to the < 50 age group,

Table 2. Distribution of medical resource usage in total knee replacement from 2010 to 2019.

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
No of
172 296 502 694 784 704 834 996 903 885
procedure
Gender

Female 140 (81.39) 229 (77.36) 382 (76.09) 522 (75.21) 562 (71.68) 544 (77.27) 635 (76.13) 735 (73.79) 677 (74.97) 693 (78.30)

Male 32 (18.60) 67 (22.63) 120 (23.90) 172 (24.78) 222 (28.31) 160 (22.72) 199 (23.86) 261 (26.20) 226 (25.02) 192 (21.69)

Primary
Diagnosis
OA 152 (88.37) 253 (85.47) 435 (86.65) 621 (89.48) 705 (89.92) 642 (91.19) 770 (92.32) 918 (92.16) 825 (91.36) 804 (90.84)

RA 19 (11.04) 40 (13.51) 62 (12.35) 65(9.36) 74 (9.43) 53(7.52) 51(6.11) 70(7.02) 61 (6.75) 58 (6.55
Others 1(0.58) 3(1.01) 5(0.99) 8(1.15 5(0.63) 9(1.27) 13(1.55 8(0.80) 17(1.88) 23 (2.59)
(GA, OC, HA) ) . . ) . . ) ) . .
Cost 38261.00 38830.96 4074534  40948.49  40928.89  43057.97 49159.40 51297.57 52014.77 53115.27
+3630.63 +2590.97 +3399.06 +2689.65 +2812.90 =+ 3836.57 +3303.72 +4035.13 *2612.56 =+ 2831.35

ALOS 15.14 + 6.6113.60 = 7.3713.46 £5.9112.12 £ 5.1112.28 £ 5.0311.62 £ 3.96 9.25 + 3.24 8.49 + 3.43 6.66 + 2.82 5.34 + 2.40

OA =osteoarthritis, RA = rheumatoid arthritis, GA= Gouty arthritis, OC= Osteochondritis dissecans, HA= Hemophilic arthritis,
ALOS= average length of stay. Inside parenthesis indicate percentage.

AVERAGE COST
3A AVERAGE LENGTH OF HOSPITAL STAY
3B
60000 = 25-
49159 51297 fgj 53_1|l5 s .
43057 20 13
361 3ess AT g 43_28 T & 212
m 40000 O 11
s — Z 15+ T T
x a i 8
3 % 10 6
S 20000- g 1 _T_
5 F
0 T T T T T T T T T T 0 T T T T T T T T T T
NS T R B R SR NI T LI C TR N T\ R S .
D S I R R . SN . ) D S S S N 2 D S
Year Year

Figure 3. (A) Average cost of TKA from 2010 to 2019 indicated a rise in treatment cost (B) Average length of hospital stayshas

significantly decreased for TKA pre-operative and post-operative.
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the RR for TKR was 3:1 in the 50 to 59 age group, and increased to 5:7 in the 60
to 69 age group and then decreased slightly t05:33 inthe70to79agegroup; it was
even lower at 0:79 in the > 80agegroup. Patients with RA and Others (GA, OC,
HA) as their primary diagnoses had a lower risk for TKR (RR = 0.090, RR =
0.015 respectively) than those with OA.

Table 3. Rate ratio of covariable for Primary total knee replacement rate.

RR
Female* 3.1
<50** -
50 - 59 3.1
60 - 69 5.7
70 -79 5.33
>80 0.79
QA+ ;
RA 0.090
Others (GA, OC, HA) 0.015

*Female compared to males

**All age groups compared to < 50 age group

**RA and another disease (GA, OC, HA) compared to OA

OA = osteoarthritis, RA = rheumatoid arthritis, GA = Gouty arthritis, OC = Osteochon-
dritis dissecans, HA=, Hemophilic arthritis, RR= Rate ratio)

4. Discussion

TKA has a remarkable history of clinical success in relieving pain and improving
function for patients with arthritic knees [26]. TKA substantially improves qual-
ity-adjusted life expectancy for patients with arthritic knees, and TKAs are
cost-effective in the United States across all risk groups [24] [27]. Available data
suggest that approximately 600,000 TKA procedures are performed annually in
the United States at a cost of approximately $15,000 per procedure [24] [26]
[28].

Several studies have shown that the incidence of TKR has increased annually.
Our study found that the rate of TKR robustly increased over the years 2010 to
2019, with a much larger increase observed among women compared to men. In
2010, only 172 individuals underwent primary TKR, which gradually increased
to 885 in 2019. This represents an increase of 514.53% over 10 years. This up-
ward trend is consistent with findings from studies conducted by Tien et a/ and
Kumar et al [29] [30]. According to Tien’s study, the prevalence of TKR was
22.86 per 100,000 persons in 1996 and it increased to 54.95 per 100,000 persons
in 2004-a rate increase of 140.38%. Kumar’s study showed that the prevalence
rate of TKR was 28.5 per 100,000 persons in 1998 and increased to 56. 8 per
100,000 persons in 2009 an increase in the rate of 99.1% [29] [30]. The rise in
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TKA can be seen as an indication of the success of this procedure in safely re-
ducing pain and improving functional status for an aging population [31] [32].
However, the surge in TKA can also be viewed as yet another source of strain on
government, insurers, individuals, and businesses struggling with unremitting
growth in healthcare spending [33] [34] [35].

The age-adjusted total knee replacement (TKR) rate in Wisconsin, United
States increased by 81.5% from 1990 to 2000, rising from 162 to 294 per 100,000
[16]. In Southern California, the primary TKR rate also saw a significant in-
crease, rising from 6.3 per 10,000 in 1995 to 11.0 per 10,000 in 2004, represent-
ing a growth of 74.60% [36]. Ravi’s study utilized databases from the Healthcare
Cost and Utilization Project and the Institute for Clinical Evaluative Sciences to
estimate the prevalence of total joint arthroplasty (TJA) for hip and knee in the
United States and Ontario, Canada. The rates of total knee arthroplasty (TKA)
increased by approximately 59% in the United States and 73% in Ontario be-
tween 2001 and 2007 [37]. The annual primary TKR volume increased 161.5%
from 93,230 to 226,177 between 1991 and 2010 [38].

Furthermore, the annual volume of primary TKA surged by 161.5%, increas-
ing from 93,230 to 226177 between 1991 and 2010. In Australia, an increase was
observed as well with primary TKA for osteoarthritis jumping from 10132 in
1994 to 14472 in 1998, a rise of 42.8% [39]. Meanwhile, Korea experienced an
astounding 407% increase in primary TKA rates from 2001 to 2010, based on
data from the Health Insurance Review and Assessment Service of Korea [40].
Another prior study conducted in Taiwan region revealed an even more dra-
matic surge, in which the annual incidence rate skyrocketed by 202.59% during
the time frame of 1996 to 2010. Policies addressing an aging population should
include considerations for healthcare utilization of TKR and prevention of oste-
oarthritis [41].

Gender differences were evident when it came to TKR rates. Women exhibit-
ed higher rates due to a greater prevalence of osteoarthritis-related disability
compared to me [42]. Our study found that women had a threefold higher rate
of TKR than men, a finding consistent with previous studies [30] [31]. Hawker
et al. also reported similar results, stating that the women’s potential need for
arthroplasty was three times greater than that of men [43]. Furthermore, TKR
rates showed an upward trend with increasing patient age. Similar findings re-
garding gender-specific TKR studies have been reported in other countries.
Many studies have indicated that knee osteoarthritis is more prevalent among
women than men [44] [45] [46] [47]. In Sweden, the total knee replacement
(TKR) rate is 1.93 times higher in women than in men. A similar gender gap in
TKR rates has also been observed in the United States [16] [48]. This indicates
that arthritis is a significant health concern for women, who are more likely than
men to experience disability due to arthritis [43]. Numerous studies have
demonstrated that joint arthroplasty is an effective and cost-efficient treatment

for advanced arthritis of the hip and knee, providing pain relief and reducing
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functional disability [49] [50] [51] [52].

The results of this study revealed higher TKR rates among individuals aged 60
to 69, which contrasts with findings from other Western and Asian countries
where TKR rates were higher among those aged 70 to 79. This trend can be at-
tributed to the increase in symptomatic osteoarthritis (OA) with advancing age
[1] [30] [41] [53]. The average age of patients undergoing TKR has increased
over time. Advances in the medical management of OA may lead patients to
postpone joint replacement surgery, resulting in a gradual rise in the average age
of TKR recipients [54]. Notably, there has been a significant increase in the
number of procedures performed on younger patients (<50) in this study. This
shift towards younger recipients is concerning as most evidence regarding out-
comes following total knee arthroplasty (TKA) comes from studies focused on
elderly patients. There are several potential explanations for the rising TKA rates
among younger patients; our findings may indicate a genuine increase in the
number of young individuals diagnosed with end-stage arthritis due to either
increased incidence or improved surveillance efforts.

In the United States, the main diagnosis of TKR patients is OA (approximate-
ly 86% - 87%) [17] [29]. A study by Tien et al in Taiwan Region noted that about
94% of TKR patients had OA from 2002 to 2004 [29]. Our study revealed that
the majority of patients who underwent TKR procedures were diagnosed with OA,
with 90.84% of them having OA in 2019. The close association between an aging
society and the risk of OA has not been thoroughly investigated in epidemiologic
studies on TKR utilization in the Chinese population over a long period [41].

We observed a rise in the mean cost per patient and a notable decline in the
ALOS for TKR, from 15 days to 5 days. This reduction may be attributed to ad-
vances in medical technology and sciences [55]. In the United States, LOS de-
creased from 7.9 days (95% CI: 7.8 - 7.9) during 1991 - 1994 to 3.5 days (95% CI:
3.5 - 3.5) during 2007 - 2010 [38]. The finding of a decreasing trend in ALOS
was consistent with results from other studies conducted in Taiwan Region [29]
[56] [57] [58]. However, the ALOS for TKR in China was longer than that in the
United States, indicating potential for improvement in TKR treatment.

The median charge for TKR procedures at hospitals increased from $19,309 to
$29,509 (a factor of 1.53) between 1997 and 2004 in the United States [36] which
aligns with our study’s observation of rising costs as well - average hospital
charges for TKR increased from ¥38,261 to ¥53,115.17 (an increase by ~39%).
Previous studies have identified strong relationships between various clinical
parameters and hospital charges [41] leading patients to seek hospitals with high
surgical quantity and treatment from experienced surgeons when faced with in-
creasing charges [59] [60]. Another possible reason for rising total medical ex-
penditures is an aging population coupled with increased life expectancy [61].

A recent survey report by the Ministry of Health of the People’s Republic of
China showed the total number of joint arthroplasties performed annually is

growing rapidly with a 19% increase per year reported between 2000 and 2006
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[62]. Despite this dramatic increase, concerns exist as the high cost of surgical
procedures and relatively low insurance reimbursement are significant barriers
to gaining access to joint arthroplasty that likely contributed to some patients
forging joint arthroplasty. This financial constraint may limit access to care and
has potentially decreased the quality of life for patients with arthritis and their
families, increased burden on society, increased societal costs to care for these
individuals, and also led to a decrease in the productivity of the labor force in
China. Furthermore, it may have also negatively impacted the advancement of
medical services in China [63].

There are several limitations to the present study. This study retrospectively
analyzes the cost of a single center. It is important to consider that costs may
vary significantly between institutions, especially across different countries, for
institutional costs, patient costs, and third-party payer costs (whether govern-
ment or private insurance companies) for the same procedure. Additionally, it is
crucial to note that the data from the single institution examined in this study
may not be indicative of charges at other institutions in China; however, we be-

lieve it is representative of potential charges at other institutions.

5. Conclusion

Our findings indicate a substantial increase in the utilization of primary knee re-
placement with the majority of TKR recipients being >60 years old and osteoar-
thritis being the main cause. Women are more susceptible to knee arthritis ow-
ing to a major health problem. Furthermore, the demographics of joint replace-
ment recipients shifted to younger people which is concerning. We also ob-
served a significant decline in hospital LOS and increases in hospital costs. Like-
wise, this study provides an analysis of TKR in China, and the results may be
used as a reference for future planning of resources for TKR. Further study may
investigate the specific rehabilitation interventions and components following
lower extremity joint replacement so that we can better understand the effect of

different treatment modalities.

Patient Informed Consent

The study protocol received approval from the Institutional Review Board (IRB)
of West China Medical Center, Sichuan University. Formal consent was not re-
quired for this type of study. All data were obtained from the National Health
Database of China, which is hosted on a server at our institution. Our center was
responsible for managing the database and ensuring data entry standardization
and accuracy. This study included consecutive patients undergoing primary
unilateral total knee arthroplasty (TKA) in our department from January 2010 to
December 2019.
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