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Abstract 

Objective  To explore changes in the epidemiological and clinical characteristics of patients who underwent knee 
arthroplasty (KA) over a 10-year period in China.

Methods  Medical records of patients with knee osteoarthritis (KOA), who underwent primary unilateral KA in 5 level 
I center hospitals in China between January 2011 and December 2020, were retrospectively reviewed and analyzed. 
To more clearly define changes over the years, patients were divided into two groups according to time of admission 
at 5-year intervals. Age, sex, body mass index (BMI), Kellgren–Lawrence (K–L) classification, comorbid diseases, surgical 
procedures, hospital stay, and hospitalization costs were compared between the two groups.

Results  A total of 23,610 patients with KOA (5400 male and 18,210 females; mean age: 65.7 ± 7.6 years) who under-
went primary unilateral KA were included. The number of KAs increased in recent years (group A, n = 7606 vs. group B, 
n = 16,004). Significant differences were noted in age, sex, BMI, K–L classification, comorbidities, surgical procedures, 
hospital stay, and hospitalization costs between the two periods (P < 0.05). More than three-quarters of KA cases 
involved females, and the age at surgery tended to be younger than that reported in foreign countries. In group B, the 
proportion of overweight and grade III, number of comorbidities, and unicompartmental knee arthroplasty patients 
increased compared to that in group A; however, hospitalization costs and length of hospital stay decreased.

Conclusions  Results suggested that the epidemiological characteristics of patients undergoing KA have changed 
over time. An analysis of the epidemiological characteristics of patients undergoing KA treatment may provide a 
scientific basis for the prevention and control of KOA.
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Introduction
Knee osteoarthritis (KOA) is a chronic and degen-
erative joint disease that occurs mostly in middle-aged 
and elderly individuals [1]. Knee pain is the main clini-
cal manifestation and can be accompanied by difficul-
ties with ambulation. In severe cases, the ability to walk 
can be lost, seriously affecting the quality of life of those 
affected, thus creating a huge and lasting burden on indi-
viduals and society [2]. The number of patients with KOA 
is increasing with the aging population of China. The lat-
est survey results revealed that the prevalence of KOA in 
China is 8.1% [3].

Knee arthroplasty (KA), including total knee arthro-
plasty (TKA) and unicompartmental knee arthroplasty 
(UKA), is considered to be the best treatment for patients 
with end-stage KOA, with high safety and efficacy pro-
files [4]. When deciding whether to undergo KA, patients 
and surgeons need to choose which type of replacement 
procedure to use: TKA or UKA. Generally, the key indi-
cations for KA are considered to be moderate to severe 
knee arthritis (grade III–IV according the Kellgren–Law-
rence (K–L) classification) and persistent severe pain. 
Indications for UKA are the same as for TKA, but the 
disease should also be isolated in one compartment, liga-
ments need to be intact, and any deformity should be 
correctable [5]. Replacing the diseased articular surface 
with an artificial prosthesis can relieve pain and improves 
knee function [6]. A total of 650,000 patients underwent 
TKA in the USA in 2008, 77,500 in the United Kingdom 
in 2009, and 103,601 in South Korea between 2002 and 
2005 [7]. According to current research, there have been 
many reports addressing the epidemiology of KA in 
Europe, the USA, and other countries. In recent years, 
the field of KA has rapidly developed in China. However, 
no similar reports have described the epidemiology of 
patients undergoing KA treatment in China. Therefore, a 
large-scale multicenter study is needed to understand the 
epidemiological characteristics of patients undergoing 
KA for knee arthritis in China.

To comprehensively understand the epidemiological 
characteristics of KA in China, information from patients 
who underwent primary unilateral KA due to KOA in five 
Level I center hospitals in China over the past 10  years 
was retrospectively collected. Trends in age, sex, body 
mass index (BMI), K–L classification, comorbidities, sur-
gical procedures, length of hospital stay, and hospitaliza-
tion costs were analyzed.

Materials and methods
The present study was conducted in accordance to the 
principles of the Declaration of Helsinki. The study pro-
tocol was approved by the ethics committee of the five 
participating hospitals. A retrospective analysis of 23,610 

patients with KOA, who underwent KA at five Level I 
center hospitals in east, north, and central China between 
January 2011 and December 2020, was performed. Inclu-
sion criteria were as follows: patients who underwent 
primary unilateral KA (TKA or UKA) due to KOA; and 
patients who provided informed written consent for the 
treatment plan and agreed to undergo postoperative fol-
low-up. Individuals with rheumatoid arthritis or other 
inflammatory diseases; those who underwent previous 
KA, patients with physical, neurological, or mental con-
ditions that could compromise compliance with post-
operative rehabilitation and follow-up, and those with 
known sensitivity to the internal implant material used in 
the surgery were excluded.

Data collection
To evaluate clinical changes more clearly, patients were 
divided into two groups according to the time of admis-
sion at 5-year intervals: group A (2011–2015); and group 
B (2016–2020). After reviewing the medical records of all 
patients with KOA, clinical data were analyzed accord-
ing to the number of inpatients admitted. Data extracted 
included age, sex, BMI, K–L classification, combined 
diseases, surgical procedures, hospital stay, and hospi-
talization costs. To further investigate age at high inci-
dence, patients were divided into age groups spanning 
10 years. BMI categories were defined as follows: under-
weight, ≤ 18.5  kg/m2; normal, 18.5 to 23.9  kg/m2; over-
weight, 24.0 to 27.9 kg/m2; and obese, ≥ 28 kg/m2.

Statistical analysis
All statistical analyses were performed using the SPSS 
version 26.0 (IBM Corporation., Armonk, NY, USA). 
Continuous variables are expressed as mean and stand-
ard deviation (SD) and were compared using the inde-
pendent samples Student’s t test or Mann–Whitney U 
test, depending on whether the variables were normally 
distributed. Categorical variables are expressed as num-
ber and percentage (%) and were compared using the chi-
squared test or Fisher’s exact test, as appropriate. Data 
that did not conform to a normal distribution expressed 
as median and interquartile range, and comparisons 
between groups were performed using the rank-sum test. 
Differences with P < 0.05 were considered to be statisti-
cally significant.

Results
Demographic characteristics and baseline data of enrolled 
patients
Overall, 23,610 patients with KOA who underwent KA 
in the five hospitals over the past 10 years were enrolled. 
The number of patients who underwent KA increased 
annually, except for a decrease in 2019–2020 due to the 
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impact of the coronavirus diseases 2019 (COVID-19) 
pandemic (Fig.  1). There were 5400 male and 18,210 
females, with a male-to-female ratio of 1:3.37; the mean 
age was 65.7  years (range 20–93  years). Among these, 
patients 60–69  years of age accounted for the highest 
proportion (46.5%, 10,980/23,610), followed by those 
70–79  years, accounting for 26.6% (6274/23,610). 
Regarding surgical strategies, 22,288 (94.4%) patients 
underwent TKA and 1321 (5.6%) underwent UKA. The 
mean BMI of the patients was 26.4 ± 3.8  kg/m2 (range 
14.6–57.8  kg/m2). Overweight individuals accounted 
for the highest proportions (42.1%), followed by obese 
patients (32.3%). According to the K–L classifica-
tion, 22,128 (93.7%) patients were grade IV and 1482 
(6.3%) patients were grade III. A total of 16,403 (69.5%) 
patients had a medical disease. Common comorbidi-
ties included hypertension, diabetes, coronary heart 
disease, and cerebrovascular disease. Classified accord-
ing to the number of comorbidities, 8185 (34.7%) cases 
were combined with one medical disease, 4586 (19.4%) 
were combined with two medical diseases, and 3632 
(15.4%) were combined with ≥ 3 medical diseases. The 
length of hospital stay of patients who underwent TKA 
ranged from 1 to 104 days, with a median of 11 days and 
an interquartile range of 8  days. Hospitalization costs 
ranged from $1336.20 to $40,048.10, with a median of 
$8393.90 and an interquartile range of $2460.00. The 
length of hospital stay of patients who underwent UKA 
ranged from 4 to 38 days, with a median of 9 days and 
an interquartile range of 6  days. Hospitalization costs 
ranged from $1525.20 to $20,122.80, with a median 

of $7319.40 and an interquartile range of $2662.60 
(Table 1).

Comparison of age and sex between the two periods
Between 2011 and 2015, 7606 KA patients were enrolled, 
including 1641 males and 5965 females. The male-to-
female ratio in this group was 1:3.63, with a mean age 
of 65.4  years (range 23–93  years). Between 2016 and 
2020, 16,004 patients with KA were included, including 
3759 males and 12,245 females. The male-to-female ratio 
in this group was 1:3.26, with a mean age of 65.9  years 
(range 20–92  years). Although the age of patients in 
group B did not increase significantly compared with 
group A, there was statistically significant difference 
(group A, 65.4 ± 7.9  years vs. group B, 65.9 ± 7.4  years; 
P < 0.001). A significant difference was noted in sex 
between the two groups, with the number of male 
patients in group B significantly higher than that in group 
A (P = 0.001).

In group A, the proportion of those 60–69  years of 
age was highest. Among male patients, the proportion 
in this age group was 39.6% (650/1641); among female 
patients, the proportion was 43.9% (2618/5965). In 
group B, the 60–69  years’ age group accounted for 
the largest number of patients. Among male patients, 
the proportion in this age group increased from 
39.6% to 45.9% (1725/3759). Among female patients, 
the proportion in this age group increased to 48.9% 
(5987/12,245). In addition, in the two periods, patients 
50–59  years and 60–69  years of age, the proportion 
of female patients was significantly higher than that 
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Fig. 1  Annual cases (/person) undergoing KA in 5 level I center hospitals at Northern, Eastern and Central China during 2011–2020 (n = 23,610)
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of male patients (Fig.  2). A significant difference was 
found in the male-to-female ratio between these two 
age groups (P = 0.001 and P = 0.004, respectively). 
However, the difference in the male-to-female ratio 
in other age groups was not statistically significant 
(Table 2).

Comparison of changes in BMI between the two periods
Regarding BMI of the enrolled patients, the number of 
overweight and obese patients in group A was the high-
est, accounting for 70.9% (5393/7606), followed by nor-
mal-weight patients accounting for 27.9% (2122/7606). 
In group B, overweight and obesity accounted for 76.0% 
(12,177/16,004), followed by normal-weight patients, 
accounting for 23.0% (3673/16,004). The proportion of 
overweight and obese patients in group B was signifi-
cantly higher than that in group A. There was a statisti-
cally significant difference in the composition ratio of 
BMI between the two groups (P = 0.001) (Table 3).

Comparison of changes in K–L classification 
between the two periods
Regarding K–L classification of the enrolled patients, 
the number of patients with grade IV in group A was the 
highest, accounting for 94.3% (7169/7606), followed by 
patients with grade III accounting for 5.7% (437/7606). 
In group B, patients with grade IV accounted for 93.5% 
(14,959/16,004), followed by patients with grade III, 
accounting for 6.5% (1045/16,004). The proportion of 
patients with grade III in group B was significantly higher 
than that in group A. There was a statistically significant 
difference in the composition ratio of K–L classification 
between the two groups (P = 0.02) (Table 3).

Comparison of comorbidities between the two periods
Common comorbidities in patients who underwent 
KA include hypertension, coronary heart disease, dia-
betes, and cerebrovascular disease. In group A, 66.6% 
(5066/7606) of patients had comorbidities, among 
whom 2787 (36.7%) had one medical system comorbid-
ity, 1409 (18.5%) had two, and 870 (11.4%) had ≥ 3. In 
group B, 70.8% (11,337/16,004) of patients had comor-
bidities, among whom 5398 (33.7%) had one medical sys-
tem comorbidity, 3177 (19.8%) had 2, and 2762 (17.3%) 
had ≥ 3. Compared with group A, patients in group B had 
more comorbidities, and the difference was statistically 
significant (P < 0.001) (Table 3).

Comparison of hospitalization‑related characteristics 
between the two periods
In group A, 7247 (95.3%) patients underwent TKA and 
359 (4.7%) underwent UKA. In group B, 15,042 (94.0%) 
patients underwent TKA and 962 (6.0%) underwent 
UKA. There was a statistically significant difference in 
the constituent ratio of the surgical procedures between 
the two groups (P < 0.001) (Table 3).

In group A, the length of hospital stay of patients 
who underwent TKA ranged from 2 to 100 days, with 
a median of 15  days and an interquartile range of 

Table 1  Baseline data of patients with knee arthroplasty from 
2011 to 2020

SD standard deviation, BMI body mass index, TKA total knee arthroplasty, UKA 
unicompartmental knee arthroplasty

Variables Number 
of patients 
(23,610)

Sex

 Male, n (%) 5400 (22.9)

 Female, n (%) 18,210 (77.1)

Age (years, mean ± SD) 65.7 ± 7.6

  ≤ 19, n (%) 2 (0.0)

 20–29, n (%) 16 (0.1)

 30–39, n (%) 32 (0.1)

 40–49, n (%) 563 (2.4)

 50–59, n (%) 5060 (21.4)

 70–79, n (%) 6274 (26.6)

 80–89, n (%) 676 (2.9)

  ≥ 90, n (%) 7 (0.0)

BMI (kg/m2, mean ± SD) 26.4 ± 3.8

  ≤ 18.5, n (%) 245 (1.0)

 18.5–23.9, n (%) 5795 (24.6)

 24–27.9, n (%) 9936 (42.1)

  ≥ 28, n (%) 7634 (32.3)

Kellgren–Lawrence classification

 Grade III 1482 (6.3)

 Grade IV 22,128 (93.7)

Surgical side

 Left, n (%) 11,269 (47.7)

 Right, n (%) 12,341 (52.3)

Surgical strategies

 TKA, n (%) 22,288 (94.4)

 UKA, n (%) 1321 (5.6)

Comorbidities

 0, n (%) 7207 (30.5)

 1, n (%) 8185 (34.7)

 2, n (%) 4586 (19.4)

  ≥ 3, n (%) 3632 (15.4)

Hospital stay (days)

 TKA (median, interquartile range) 11 (8)

 UKA (median, interquartile range) 9 (6)

 Hospitalization costs ($)

 TKA (median, interquartile range) 8393.9 (2,460.0)

 UKA (median, interquartile range) 7319.4 (2,662.6)
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9  days. The length of hospital stay for patients under-
going UKA ranged from 4 to 34 days, with a median of 
10  days and an interquartile range of 6  days. In group 
B, the length of hospital stay of patients who under-
went TKA ranged from 1 to 104 days, with a median of 
10 days and an interquartile range of 6 days. The length 
of hospital stay for patients undergoing UKA treatment 
ranged from 4 to 38 days, with a median of 9 days and 
interquartile range of 6 days. There were significant dif-
ferences in the length of hospital stay between the two 
periods (P < 0.001) (Table 3).

In group A, hospitalization costs for patients who 
underwent TKA ranged from $1053.70 to $32,426.70, 
with a median of $8441.60 and an interquartile range of 
$1338.20. Hospitalization costs for patients who under-
went UKA ranged from $1525.20 to $40,048.10, with 
a median of $7659.20 and an interquartile range of 
$1838.60. In group B, hospitalization costs for patients 
who underwent TKA ranged from $1828.30 to $5923.70, 
with a median of $8346.60 and an interquartile range 
of $3120.70. The hospitalization costs for patients who 
underwent UKA ranged from $2393.00 to $20,122.80, 
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Fig. 2  The age and sex distribution of patients undergoing KA in 5 level I center hospitals at Northern, Eastern and Central China during 2011–2020 
(n = 23,610)

Table 2  Comparison of gender composition ratio at all ages in Group A and Group B patients undergoing knee arthroplasty, n (%)

Age period (years old) Group A n, (%) Group B n, (%) P value

Male Female Male Female

 ≤ 19 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.0) 0.157

20–29 1 (0.1) 1 (0.0) 6 (0.2) 8 (0.1) 0.849

30–39 2 (0.1) 4 (0.1) 9 (0.2) 17 (0.1) 0.952

40–49 28 (1.7) 112 (1.9) 105 (2.8) 318 (2.6) 0.244

50–59 270 (16.4) 1400 (23.5) 678 (18.0) 2712 (22.2) 0.001

60–69 650 (39.6) 2618 (43.9) 1725 (45.9) 5987 (48.9) 0.004

70–79 604 (36.8) 1674 (28.0) 1082 (28.8) 2914 (23.8) 0.629

80–89 84 (5.1) 155 (2.6) 151 (4.0) 286 (2.3) 0.877

 ≥ 90 1 (0.1) 1 (0.0) 3 (0.1) 2 (0.0) 0.809

Total 1641 (100.0) 5965 (100.0) 3759 (100.0) 12245 (100.0) 0.001
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with a median of $7146.60 and an interquartile range 
of $2870.50. There was a statistically significant differ-
ence in hospitalization costs between the two periods 
(P < 0.001) (Table 3).

Discussion
In the present study, we retrospectively analyzed data 
from 23,610 KOA patients who underwent primary uni-
lateral KA over a 10-year period and found that the num-
ber of patients undergoing KA has increased in recent 
years. Moreover, we compared baseline data, clinical 
characteristics, and surgical strategies between the two 
periods to better clarify the changes in recent years. On 
average, during the entire study period, more than three-
quarters of KAs involved females, and the age at surgery 
tended to be younger than that in foreign countries. The 
number of patients with overweight, obesity and grade 
III, and multiple medical diseases increased significantly; 
however, hospitalization costs and hospital stays have 
decreased.

To the best of our knowledge, there are many risk fac-
tors influencing the occurrence and progression of KOA, 
including age, sex, obesity, K–L classification, trauma, 
metabolic dysfunction, environment, and genetic ele-
ments [8]. In recent decades, the number of patients 
with KOA has increased dramatically, and TKA and 
UKA have been the primary treatment strategies for end-
stage KOA [9]. In Finland, Leskinen et  al. [10] reported 
a 130-fold increase in the incidence of TKA among 
individuals 39–59  years of age between 1980 and 2006. 
A previous study reported that, from 1991 to 2010, the 
number of patients who underwent TKA per year in the 
USA increased from 93,230 to 243,802, corresponding to 
an increase of 161.5% [11]. According to a recent study, 
the number of TKAs performed in the USA will reach 
1,260,000 annually by 2030. Moreover, the number of 
TKAs is expected to increase further with increases in 
arthritis, obesity, and the proportion of elderly individu-
als in aging societies [12, 13]. Barnes et al. [14] reported 
that the onset of the COVID-19 pandemic led to a sig-
nificant reduction in the number of TKAs in the United 

Table 3  Comparison of baseline data in the two periods

SD standard deviation, BMI body mass index, TKA total knee arthroplasty, UKA unicompartmental knee arthroplasty

Variables Group A Group B P Value

Age (years, mean ± SD) 65.4 ± 7.9 65.9 ± 7.4  < 0.001

Sex 0.001

 Male, n (%) 1641 (21.6) 3759 (23.5)

 Female, n (%) 5965 (78.4) 12,245 (76.5)

BMI (kg/m2, n, %)  < 0.001

  ≤ 18.5 91 (1.2) 154 (1.0)

 18.5–23.9 2122 (27.9) 3,673 (23.0)

 24–27.9 3066 (40.3) 6870 (42.9)

  ≥ 28 2327 (30.6) 5307 (33.1)

Kellgren–Lawrence classification 0.02

 Grade III 437 (5.7) 1045 (6.5)

 Grade IV 7169 (94.3) 14,959 (93.5)

Comorbidities  < 0.001

 0, n (%) 2540 (33.4) 4667 (29.2)

 1, n (%) 2787 (36.7) 5398 (33.7)

 2, n (%) 1409 (18.5) 3177 (19.8)

  ≥ 3, n (%) 870 (11.4) 2762 (17.3)

Surgical strategies  < 0.001

 TKA, n (%) 7247 (95.3) 15,042(94.0)

 UKA, n (%) 359 (4.7) 962 (6.0)

Hospital stay (days)  < 0.001

 TKA (median, interquartile range) 15 (9) 10 (6)

 UKA (median, interquartile range) 10 (6) 9 (6)

Hospitalization costs ($)  < 0.001

 TKA (median, interquartile range) 8441.6 (1338.2) 8346.6 (3120.7)

 UKA (median, interquartile range) 7659.2 (1838.6) 7146.6 (2870.5)
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States Medicare population. In the present study, the 
number of KAs increased annually during the decade, 
peaking in 2019, which was 6.18 times higher than that 
in 2011. The COVID-19 pandemic in 2019 reduced the 
number of KAs in 2020; it was still five times higher than 
that in 2011.

Previous studies have analyzed that a number of 
scholars analyzed the epidemiological characteristics 
of KA. Chikud et  al. [15] conducted a statistical analy-
sis of KOA patients across 926 hospitals in Japan from 
2007 to 2010. The results revealed that the average age 
of patients undergoing TKA was 74.6 ± 6.9  years, with 
23.4% of patients > 80  years of age and 68.0% between 
65 and 79  years of age. A retrospective study involving 
patients undergoing TKA in Australia (n = 278) reported 
that the mean age was 68 years (rang, 45–89 years) [16]. 
Namba et  al. [17] conducted an epidemiological study 
investigating patients undergoing KA surgery in 45 medi-
cal institutions across six regions of the USA from 2001 
to 2009. Of 56,216 KA patients, of 63.0% of were female, 
and the mean age was 67.4 ± 9.6 years. Tambascia et al. 
[18] analyzed data from 122 patients who underwent KA 
surgery at the Wilson Mero Institute in Sao Paulo, Brazil, 
from 2009 to 2011. The results revealed that 89 (73.0%) 
patients were female and 33 (27%) were male, with a 
mean age of 68.2 ± 8.3 years. In our study, we also found 
that females had a high incidence of KA surgery (77.1%), 
with the highest among those 60–69  years of age. The 
reasons for the higher incidence of KA in women may be 
related to geographical location, dietary habits, osteopo-
rosis, relatively weak muscle strength, postmenopausal 
hormone levels, and anatomical structure [19]. A com-
parison of baseline data from KA patients from 2016 to 
2020 and 2011 to 2016 revealed that the proportion of 
females increased significantly, which is consistent with 
the of results of domestic and foreign studies. How-
ever, the mean age of patients undergoing surgery was 
65.7 ± 7.6  years, which tended to be younger than that 
reported in foreign studies.

Of note, obesity has been a well-established risk factor 
for KOA [8, 20]. With the acceleration of aging among the 
population of China, the proportion of obese individuals 
is also gradually increasing; such, the incidence of KOA 
will inevitably increase. Namba et al. [17] retrospectively 
analyzed data from 56,216 patients who underwent pri-
mary TKA between 2001 and 2009 at 45 medical facilities 
across six regions of the USA. The mean BMI was 32 kg/
m2. Similarly, Belmont et  al. [21] searched the NSQIP 
database and, of 15,321 patients who underwent primary 
unilateral TKA between 2006 and 2010, 61.2% were obese 
(BMI ≥ 30 kg/m2). In the past 5 years, the proportion of 
overweight and obesity has significantly increased com-
pared to the previous 5 years, which may be explained by 

improvements in living standards, caloric intake, exercise 
reduction, and sedentary lifestyles. At the same time, it 
has been reported that BMI ≥ 35  kg/m2 is a strong risk 
factor for exercise restriction after KA surgery; moreover, 
high BMI is closely associated with prolonged hospital 
stay and readmission rates [22–24]. Therefore, we suggest 
that high-risk individuals > 60  years of age should con-
sider a reasonable diet, develop good living habits, con-
trol their body weight, and engage in adequate levels of 
exercise. In addition, with the improvement of knee func-
tion and quality of life requirements of patients, more 
and more moderate and severe KOA patients receive 
surgical treatment [5]. In our study results, it can be 
shown that the proportion of K–L classification grade III 
patients receiving KA treatment increased significantly in 
2016 to 2020 compared with 2011 to 2015 (6.5% vs. 5.7%, 
P = 0.02).

Presently, there are many related studies investigat-
ing the comorbidities of KA patients, mainly including 
hypertension, diabetes, cardiovascular and cerebrovas-
cular diseases [25, 26]. Chikud et al.[15] performed sta-
tistical analysis on inpatients from 926 hospitals in Japan 
from 2007 to 2010 and found that diabetes was the most 
common comorbidity among 410,60 patients who under-
went TKA, accounting for approximately 16%, followed 
by chronic lung disease (2.6%) and chronic renal failure 
(1.9%). In addition, Jones et  al.  [27] conducted a retro-
spective analysis of 520 patients who underwent initial 
KA in a developed region of the USA and found that 
13% had diabetes and 24% had heart disease. The results 
of this study demonstrated that the types of comorbidi-
ties were consistent with the results of domestic and for-
eign studies, and the number of comorbidities showed 
an increasing trend. However, the proportion of patients 
with hypertension was highest in China, which is incon-
sistent with other reports.

Results of our study demonstrated that the median 
length of hospitalization for TKA and UKA patients 
was 11 and 9 days, respectively, and hospitalization days 
were significantly shorter than those in the recent period 
and the previous 5  years. The median hospitalization 
cost for TKA patients was $8393.90 and $7319.40 for 
UKA patients, and costs decreased between the most 
recent 5  years and the previous 5  years. Many investi-
gators have performed large-sample studies investigat-
ing the length of hospital stay and hospitalization costs 
of KA patients. Bolognesi et  al. [28] analyzed 68,603 
patients with unilateral KA (65,505 TKA and 3098 UKA) 
in the USA between 2000 and 2009. The mean length 
of hospital stay was 3.9 ± 2.1 days for TKA patients and 
2.4 ± 1.7  days for UKA patients. Based on an analy-
sis of the National Bureau of Statistics 2009 Inpatient 
Sample (NIS) database by Pugely et al. [29], the average 
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hospitalization cost and length of hospital stay for TKA 
were $14,491 and 3.3 days, respectively. Larsen et al [30] 
studied patients who underwent KA surgery for the first 
time at Holstebro Regional Hospital in Denmark between 
August 2005 and February 2007 and found that the hos-
pitalization cost of patients undergoing TKA or UKA 
was $13,196.60 ± 8481.50. In our study, hospitalization 
costs were significantly lower than that in other devel-
oped countries, however, the total length of hospital stay 
was significantly longer than that in other developed 
countries.

It has been established that shortening the length of 
hospital stay is very important in reducing the economic 
burden and medical expenses of KA patients [31]. A pos-
sible reason for this is that, in recent years, major hospi-
tals in this country have vigorously improved the hospital 
bed turnover rate, especially by shortening the preopera-
tive wait time, which can directly reduce the number of 
hospitalization days and expenses. In addition, the pre-
operative assessment of patient organ function status, 
management of intraoperative anesthesia and analgesia, 
and postoperative nutritional support and prevention of 
complications are also closely related to the reduction in 
length of hospital stay and costs.

The present study had several limitations, the first of 
which was its retrospective design, and inherent biases, 
which may have been unavoidable. Furthermore, because 
the patients who underwent KA treatment in the two 
groups were treated in different periods, changes in the 
medical environment and advances in surgical tech-
niques may have affected effected clinical outcomes. 
Finally, we only conducted an epidemiological analy-
sis of limited clinical data, some important data such as 
PSI and robotics alignment were not included. In future 
studies, more valuable variables need to be collected and 
analyzed.

Conclusion
In summary, the changing trends of the epidemiological 
characteristics of patients who underwent primary uni-
lateral KA were more than three-quarters of KA occurred 
among females, and the age at surgery tended to be 
younger than that in foreign countries. The proportion 
of overweight and patients undergoing UKA surgery has 
increased. Moreover, compared with 2011 to 2016, the 
number of patients undergoing KA treatment from 2016 
to 2020 complicated with medical diseases increased sig-
nificantly; however, hospitalization costs and hospital 
stays showed a downward trend. This study has shed light 
on the epidemiological characteristics of KA patients in 
eastern, northern, and central China between 2011 and 
2020 and may prove helpful for the prevention of KOA 
and/or control of its progression.

Abbreviations
KA	� Knee arthroplasty
KOA	� Knee osteoarthritis
BMI	� Body mass index
TKA	� Total knee arthroplasty
UKA	� Unicompartmental knee arthroplasty
SD	� Standard deviation
COVID-19	� Coronavirus disease 2019

Acknowledgements
There is nothing to acknowledge regarding the manuscript.

Authors’ contributions
WS and YZ conceived the study design. XY supervised the data collection. 
WS and PY drafted the manuscript. WC and YZ contributed to the revision. 
YZ is responsible for this article. The author(s) read and approved the final 
manuscript.

Funding
This work was supported by the Major Research plan of National Natural 
Science Foundation of China (grant number: 91949203), and the Shijiazhuang 
Science and Technology Research and Development Project (grant number: 
191201213).

Availability of data materials
The datasets generated during the current study are public at the email 
616287291@qq.com.

Declarations

Ethics approval and consent to participate
The study was approved by the ethical committee of the Five Hospitals of 
China. The patient gave written consent to for research applications of their 
clinical data. The patient data were anonymized in this study.

Consent for publication
Consent to publish was obtained from all patients detailed in this study.

Competing interests
The authors declare no conflict of interests.

Received: 22 August 2022   Accepted: 9 February 2023

References
	1.	 Michael JW, Schlüter-Brust KU, Eysel P. The epidemiology, etiology, 

diagnosis, and treatment of osteoarthritis of the knee. Dtsch Arztebl Int. 
2010;107:152–62.

	2.	 Long MJ, Papi E, Duffell LD, McGregor AH. Predicting knee osteoarthritis 
risk in injured populations. Clin Biomech (Bristol, Avon). 2017;47:87–95.

	3.	 Tang X, Wang S, Zhan S, Niu J, Tao K, Zhang Y, et al. The prevalence of 
symptomatic knee osteoarthritis in china: results from the China health 
and retirement longitudinal study. Arthritis Rheumatol. 2016;68:648–53.

	4.	 Goh GS, Bin AbdRazak HR, Tay DK, Chia SL, Lo NN, Yeo SJ. Unicompart-
mental knee arthroplasty achieves greater flexion with no difference in 
functional outcome, quality of life, and satisfaction vs total knee arthro-
plasty in patients younger than 55 years. A propensity score-matched 
cohort analysis. J Arthroplasty. 2018;33:355–61.

	5.	 Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge A, Beard DJ. 
Knee replacement. Lancet. 2012;379:1331–40.

	6.	 Niu J, Clancy M, Aliabadi P, Vasan R, Felson DT. Metabolic syndrome, its 
components, and knee osteoarthritis: the Framingham Osteoarthritis 
Study. Arthritis Rheumatol. 2017;69:1194–203.



Page 9 of 9Sun et al. Journal of Orthopaedic Surgery and Research          (2023) 18:104 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	7.	 Kim HA, Kim S, Seo YI, Choi HJ, Seong SC, Song YW, et al. The epidemiol-
ogy of total knee replacement in South Korea: national registry data. 
Rheumatology (Oxford). 2008;47:88–91.

	8.	 Yoshimura N, Muraki S, Oka H, Tanaka S, Kawaguchi H, Nakamura K, et al. 
Accumulation of metabolic risk factors such as overweight, hypertension, 
dyslipidaemia, and impaired glucose tolerance raises the risk of occur-
rence and progression of knee osteoarthritis: a 3-year follow-up of the 
ROAD study. Osteoarthr Cartil. 2012;20:1217–26.

	9.	 Flury A, Weigelt L, Camenzind RS, Fritz B, Hasler J, Baumgaertner B, et al. 
Total and unicondylar knee arthroplasty are equivalent treatment options 
in end-stage spontaneous osteonecrosis of the knee, and the size of 
the lesion has no influence on the results. Knee Surg Sports Traumatol 
Arthrosc. 2021;29:3254–61.

	10.	 Leskinen J, Eskelinen A, Huhtala H, Paavolainen P, Remes V. The incidence 
of knee arthroplasty for primary osteoarthritis grows rapidly among 
baby boomers: a population-based study in Finland. Arthritis Rheum. 
2012;64:423–8.

	11.	 Cram P, Lu X, Kates SL, Singh JA, Li Y, Wolf BR. Total knee arthroplasty 
volume, utilization, and outcomes among Medicare beneficiaries, 
1991–2010. JAMA. 2012;308:1227–36.

	12.	 Sloan M, Premkumar A, Sheth NP. Projected volume of primary total 
joint arthroplasty in the U.S., 2014 to 2030. J Bone Joint Surg Am. 
2018;100:1455–60.

	13.	 Almeida RF, Queiroz AA, Belloti JC, Castro Filho JM, Cohen M, Navarro RD. 
Approach towards total knee arthroplasty in Brazil: cross-sectional study. 
Sao Paulo Med J. 2009;127:190–7.

	14.	 Barnes CL, Zhang X, Stronach BM, Haas DA. The initial impact of COVID-19 
on total hip and knee arthroplasty. J Arthroplasty. 2021;36:S56-61.

	15.	 Chikuda H, Yasunaga H, Horiguchi H, Takeshita K, Sugita S, Taketomi S, 
et al. Impact of age and comorbidity burden on mortality and major 
complications in older adults undergoing orthopaedic surgery: an analy-
sis using the Japanese diagnosis procedure combination database. BMC 
Musculoskelet Disord. 2013;14:173.

	16.	 Ahmed I, Salmon LJ, Waller A, Watanabe H, Roe JP, Pinczewski LA. Total 
knee arthroplasty with an oxidised zirconium femoral component: ten-
year survivorship analysis. Bone Joint J. 2016;98-b:58–64.

	17.	 Namba RS, Inacio MC, Paxton EW. Risk factors associated with deep 
surgical site infections after primary total knee arthroplasty: an analysis of 
56,216 knees. J Bone Joint Surg Am. 2013;95:775–82.

	18.	 Tambascia RA, Vasconcelos RA, Mello W, Teixeira PP, Grossi DB. Pre-opera-
tive functional parameters of patients undergoing total knee arthroplasty. 
Physiother Res Int. 2016;21:77–83.

	19.	 Koh IJ, Kim TK, Chang CB, Cho HJ, In Y. Trends in use of total knee 
arthroplasty in Korea from 2001 to 2010. Clin Orthop Relat Res. 
2013;471:1441–50.

	20.	 Wolfe F, Lane NE. The longterm outcome of osteoarthritis: rates and 
predictors of joint space narrowing in symptomatic patients with knee 
osteoarthritis. J Rheumatol. 2002;29:139–46.

	21.	 Belmont PJ Jr, Goodman GP, Waterman BR, Bader JO, Schoenfeld AJ. 
Thirty-day postoperative complications and mortality following total 
knee arthroplasty: incidence and risk factors among a national sample of 
15,321 patients. J Bone Joint Surg Am. 2014;96:20–6.

	22.	 Singh JA, O’Byrne M, Harmsen S, Lewallen D. Predictors of moderate-
severe functional limitation after primary Total Knee Arthroplasty (TKA): 
4701 TKAs at 2-years and 2935 TKAs at 5-years. Osteoarthritis Cartilage. 
2010;18:515–21.

	23.	 Sadr Azodi O, Bellocco R, Eriksson K, Adami J. The impact of tobacco 
use and body mass index on the length of stay in hospital and the risk 
of post-operative complications among patients undergoing total hip 
replacement. J Bone Joint Surg Br. 2006;88:1316–20.

	24.	 Tayne S, Merrill CA, Smith EL, Mackey WC. Predictive risk factors for 30-day 
readmissions following primary total joint arthroplasty and modification 
of patient management. J Arthroplasty. 2014;29:1938–42.

	25.	 Lawrence JS. Hypertension in relation to musculoskeletal disorders. Ann 
Rheum Dis. 1975;34:451–6.

	26.	 Sinclair ST, McConaghy KM, Emara AK, Klika AK, Piuzzi NS. Reporting 
of comorbidities in total hip and knee arthroplasty clinical literature: a 
systematic review. JBJS Rev. 2021;9:1-6.

	27.	 Jones CA, Cox V, Jhangri GS, Suarez-Almazor ME. Delineating the impact 
of obesity and its relationship on recovery after total joint arthroplasties. 
Osteoarthr Cartil. 2012;20:511–8.

	28.	 Bolognesi MP, Greiner MA, Attarian DE, Watters TS, Wellman SS, Curtis LH, 
et al. Unicompartmental knee arthroplasty and total knee arthroplasty 
among Medicare beneficiaries, 2000 to 2009. J Bone Joint Surg Am. 
2013;95:e174.

	29.	 Pugely AJ, Martin CT, Gao Y, Belatti DA, Callaghan JJ. Comorbidities in 
patients undergoing total knee arthroplasty: do they influence hospital 
costs and length of stay? Clin Orthop Relat Res. 2014;472:3943–50.

	30.	 Larsen K, Hansen TB, Thomsen PB, Christiansen T, Søballe K. Cost-effec-
tiveness of accelerated perioperative care and rehabilitation after total 
hip and knee arthroplasty. J Bone Joint Surg Am. 2009;91:761–72.

	31.	 Molloy IB, Martin BI, Moschetti WE, Jevsevar DS. Effects of the length of 
stay on the cost of total knee and total hip arthroplasty from 2002 to 
2013. J Bone Joint Surg Am. 2017;99:402–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Changes in epidemiological characteristics of knee arthroplasty in eastern, northern and central China between 2011 and 2020
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Data collection
	Statistical analysis

	Results
	Demographic characteristics and baseline data of enrolled patients
	Comparison of age and sex between the two periods
	Comparison of changes in BMI between the two periods
	Comparison of changes in K–L classification between the two periods
	Comparison of comorbidities between the two periods
	Comparison of hospitalization-related characteristics between the two periods

	Discussion
	Conclusion
	Acknowledgements
	References


