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Abstract 

Background Accumulating evidence suggests that the radiographic phenotypes of patients with knee osteoarthri-
tis (KOA) often do not correlate with their clinical findings, which are the primary reason for seeking medical care. 
Therefore, at OARSI 2024, we proposed a clinical finding staging system—Chinese medicine staging (CMS)—to guide 
the treatment of KOA. However, the clinical effectiveness and application characteristics of CMS in guiding non-surgi-
cal treatment of KOA remain unclear.

Methods A total of 14,985 KOA patients were included in the study. Data from 13,983 patients were used to analyze 
the characteristics of CMS application, while 1465 patients were used to evaluate CMS-guided clinical effectiveness, 
and 152 patients were included in a comparative analysis of clinical effectiveness without CMS guidance. The demo-
graphic characteristics of the CMS-using population were examined, and the correlation between CMS and treat-
ment modalities was analyzed to clarify CMS application characteristics. VAS and WOMAC scores were compared 
between the CMS-guided and non-CMS-guided groups both before treatment and at week 8 of treatment, using 
the minimal clinically significant difference as the benchmark.

Results In application characteristics, regarding nonsurgical treatments, an increase in the CMS led to a decrease 
in basic treatment and an increase in nonpharmacological and pharmacological treatments (P < 0.001). Regarding sur-
gical treatments, no change in the proportion of surgical interventions was observed with worsening CMS (P > 0.05). 
In clinical effectiveness, at week 8 of treatment, VAS scores and WOMAC scores were significantly lower in CMS-guided 
group (VSA: 3.51; 95% CI, 3.42–3.60, Pain: 3.55; 95% CI, 3.40–3.70, Stiffness: 1.18; 95% CI, 1.11–1.25, Function: 12.57; 95% 
CI, 12.07–13.08, Total: 17.31; 95% CI, 16.63–17.99), which had a higher net difference than non-CMS-guided group 
(VSA: 3.30; 95% CI, 3.05–3.54, Pain: 3.14; 95% CI, 2.68–3.60, Stiffness: 0.95; 95% CI, 0.76–1.15, Function: 11.36; 95% CI, 
9.80–12.91, Total: 15.45; 95% CI, 13.40–17.49). The net differences in CMS-guided group were all higher than in MCID.
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Introduction
Knee osteoarthritis (KOA) is a chronic disease that 
affects a significant number of middle-aged and elderly 
individuals [1, 2]. It impacts both their physical and psy-
chological well-being to varying extents [3, 4], while also 
imposing a substantial economic burden on patients, 
their families, and society [5, 6]. Radiographic and symp-
tomatic presentations are the two main features of KOA. 
Radiographs typically show degeneration of articular car-
tilage, subchondral osteosclerosis, and bone hypertrophy 
[7, 8]. Kellgren–Lawrence grading (KLG), a widely used 
method to assess the severity of osteoarthritis, is com-
monly applied to monitor disease progression and inform 
surgical decision-making in KOA [9–11].

Pain, the primary clinical manifestation of KOA [12], 
is a key factor contributing to functional limitations and 
poor quality of life, and it plays a crucial role in prompt-
ing individuals to seek medical care [13]. Previous studies 
have found a weak correlation between imaging features 
of KOA and clinical findings. Specifically, related studies 
have reported that 5.9–31.2% of individuals classified as 
KLG III or IV do not experience knee pain [14–16]. The 
American Academy of Orthopaedic Surgeons guidelines 
for KOA recommend treatment only for symptomatic 
KOA [17, 18]. However, in clinical practice, there remains 
a lack of standardized methods for assessing the severity 
of KOA symptoms.

At the 2023 World Congress on Osteoarthritis organ-
ized by the Osteoarthritis Research Society International, 
a new clinical finding-based method for classifying KOA, 
called Chinese medicine staging (CMS) [19], was pro-
posed. This staging system categorizes patients into three 
groups based on clinical findings: CMS I, CMS II, and 
CMS III. However, the clinical effectiveness and appli-
cation characteristics of CMS in guiding the treatment 
of KOA remain unclear. Therefore, the aim of this study 
is to analyse the application of CMS in KOA treatment 
using large sample data, in order to provide a scientific 
basis for its application in the management of KOA.

Population and methods
Study design and selection of patients
This study was led by the Third Affiliated Hospital of 
Beijing University of Chinese Medicine, China, inte-
grating data from three case registry studies, one ran-
domised controlled study and one community-based 

cross-sectional study on KOA. The study involving 
84 hospitals and 8 community health service centers 
across China from September 2019 to December 2022 
(Table  S1), a total of 14,985 (Figure  S1) KOA patients 
were included. Of these, data from 13,983 patients used 
to analyze application characteristics of the CMS, data 
from 1465 patients were used to assess CMS-guided 
clinical effectiveness, and data from 152 patients were 
used to analyze non-CMS-guided clinical effectiveness. 
This study was approved by the Scientific Research 
Ethics Committee of the Third Affiliated Hospital of 
Beijing University of Chinese Medicine, Wangjing 
Hospital of China Academy of Traditional Chinese 
Medicine, and Peking Union Medical College Hospital 
(BZYSY-2022KYKTPJ-04, BZYSY-2021KYKTSL-27, 
WJEC-KT-2018-039-P002, HS-2090, and HS-2363), 
and was registered in the China Clinical Trial Reg-
istry (ChiCTR2200062700, ChiCTR1900026262, 
ChiCTR2000034475, ChiCTR2100053812).

Diagnostic criteria
We have developed diagnostic criteria based on the 
American College of Rheumatology(ACR) clinical and 
radiological criteria [20, 21], including the following 
parameters: (1) recurrent knee pain in the past month; 
(2) age > 50 years; (3) morning stiffness lasting ≤ 30 min; 
(4) sensation of bone rubbing during activity; and (5) 
X-ray (standing or weight-bearing) showing narrowing 
of the joint space, subchondral sclerosis and/or cystic 
changes, and osteophyte formation at the edge of the 
joint. The diagnosis can be made if criterion 1 and any 
two of criteria 2, 3, 4, or 5 are met.

Inclusion and exclusion criteria
Patients were included in this study if they met the fol-
lowing inclusion and exclusion criteria. The inclusion 
criteria were (1) meeting the revised KOA diagnostic 
criteria of the American College of Rheumatology and 
(2) having complete clinical information. The exclu-
sion criteria were (1) presence of other types of arthri-
tis such as rheumatoid arthritis, gouty arthritis, septic 
arthritis, etc.; (2) presence of cerebrovascular and seri-
ous liver diseases affecting the patient’s quality of life; 
and (3) history of trauma to the knee joint.

Conclusion CMS is consistent with the patient’s clinical finding, is suitable for guiding non-surgical treatment of KOA 
and can achieve clinically significant therapeutic effects.

Keywords Osteoarthritis, Chinese medicine staging, Clinical symptom, Clinical decision, Clinical treatment
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CMS and KLG
Based on the “Better Management Of Knee Osteoar-
thritis: Chinese Medicine Treatment Guideline” [19], 
KOA was categorized into three clinical staging: (1) 
CMS I: mild knee pain(VAS < 4), mainly including sore-
ness, accompanied by lassitude and inability to walk for 
a long time; (2) CMS II: moderate knee pain(VAS 4–7), 
mainly including vague pain, accompanied by soreness 
and weakness of the waist and knee, aggravated by physi-
cal activity; and (3) CMS III: severe knee pain(VAS > 7), 
mainly including stabbing, distending, and scorching 
pain, accompanied by joint heaviness, aggravated by cold 
and alleviated by warmth. Radiographic grading related 
to KOA was assessed using KLG [22]. We made a sim-
ple adjustment to CMS by referring to the order of KLG, 
with CMS I in the original article [19] corresponding to 
CMS III in this study.

Treatment and outcomes
In the clinical effectiveness analysis, with reference to the 
Guidelines for Chinese Medicine Diagnosis and Treat-
ment of Knee Osteoarthritis (2020 Edition) [12], patients 
with CMS I were trained with Baduanjin (Chinese tra-
ditional exercise that consists of eight movements, as 
shown in Figure  S2, 30  min/times, once/day, 5 times/
week for 8 weeks), patients with CMS II was were treated 
with Tenghuang Jianggu Tablet  (Please refer to the sec-
tion on drug ingredients in the supplementary materi-
als), and patients with CMS III were treated with Wangbi 
Tablet (Please refer to the section on drug ingredients in 
the supplementary materials). In addition, we included 
patients with KOA not guided by CMS who were treated 
with NSAIDs for comparative analyses with CMS effec-
tiveness. Clinical effectiveness was assessed by Visual 
analogue scale (VAS) score (0 best-10 worst; minimal 
clinically important difference (MCID), 1.8 [23]), West-
ern Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) total score (0 best-8 worst; MCID, 8.97 
[24]), WOMAC-Pain score (0 best-20 worst; MCID, 2.12 
[24]), WOMAC-Function score (0 best-68 worst; MCID, 
6 [23]), and WOMAC-Stiffness score (0 best-8 worst; 
MCID, 0.76 [24]). Meanwhile, improvement in each 
outcome greater than or equal to the MCID was consid-
ered clinically effective. These outcomes were measured 
before treatment and at week 8 of treatment.

Data collection and analysis
Clinical data from patients, including sex, age (50–59, 
60–69, 70–79, and ≥ 80  years), occupation (manual 
labor, nonmanual labor), body mass index (BMI), liv-
ing environment (high-rise without elevator, low-rise 
with elevator), family history, smoking habits, alcohol 

consumption, osteoporosis, CMS, KLG, treatment proto-
cols, VAS score and WOMAC score were collected. The 
treatment modalities were based on the Guidelines for 
the Diagnosis and Treatment of Osteoarthritis in China 
(2021 edition) [25], which categorized treatments into 
five groups: basic treatment, nonpharmacological treat-
ment, pharmacological treatment, restorative treatment, 
and reconstructive treatment. A Sankey diagram was 
developed to visualize the distribution and flow of clini-
cal types and radiographic grades in patients with KOA. 
Correlation analysis was performed to examine the rela-
tionships between various variables and clinical typing 
as well as imaging grading, aiming to identify similari-
ties and differences. Causality inference was then applied 
to explore potential causal relationships between vari-
ables, with data structured in the form of a raw matrix. 
Using the Causal Discovery Toolbox tool [26] in Python, 
an undirected graph was constructed based on the data 
characteristics. Subsequently, the graphical lasso method 
[27] was employed to predict the neighboring nodes of 
each variable, and the additive noise model [28] was used 
to identify pairs of causal relationships.

Statistical analysis
IBM SPSS Statistics V26.0 (SPSS Inc., Chicago, IL, USA) 
was used to analyze the data. Descriptive and frequency 
analyses were applied to general data, and the distribu-
tion of count data was expressed as counts (%) or median 
(interquartile range). The chi-square test or Fisher’s exact 
test was used for quantitative data analysis. For ordinal 
variables, Kendall’s τ-b test was used to assess correla-
tion, while Cramer’s V test was applied to examine the 
strength of associations for dichotomous variables. All 
measured data were assessed for normality using the Sha-
piro–Wilk test. Data conforming to a normal distribution 
were compared using an independent samples t-test, 
while non-normally distributed data were analyzed using 
the Mann–Whitney U test. Differences were considered 
statistically significant at P < 0.05. Additionally, the results 
derivation of clinical studies should be considered in the 
context of clinical significance except for statistical signif-
icance. Therefore, MCID was used to evaluate the clini-
cal benefit from a clinical perspective [29]. We employed 
the chi-square test to analyze the number of participants 
achieving the MCID, in order to assess the clinical ben-
efit of CMS.

Results
Analysis of the application characteristics of CMS
Distribution of age in clinical staging and radiographic 
grading
Data from 13,983 patients used to analyze CMS appli-
cation characteristics, 5749 in the CMS I, 7167 in the 
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CMS II, and 1067 in CMS III, 1948 in KLG I, 7467 
in KLG II, 3274 for KLG III, and 1294 for KLG IV 
(Table S2). Based on the data distribution presented in 
the Sankey diagram (Figure S3), we compared the rela-
tionships of KLG and CMS with age (Table S3). Across 
CMS, there was no significant difference among age 
groups (χ2 = 1.250, P = 0.051), and CMS was not cor-
related with age (τ = 0.004, P = 0.626). However, across 
KLG, differences were observed among different age 
groups (χ2 = 628.306, P < 0.001), and KLG was corre-
lated with age (τ = 0.149, P < 0.001). With increasing 
age, KLG showed an increasing trend, whereas there 
was no significant change in CMS (Fig. 1).

Treatment modalities
Nonsurgical treatment
There were differences in nonsurgical treatment across 
different CMS (χ2 = 430.396, P < 0.001), and similar differ-
ences were observed across different KLG (χ2 = 637.272, 
P < 0.001). However, compared with KLG, CMS showed 
a stronger correlation with nonsurgical treatment 
(τ = 0.240 > 0.182) (Table S4). As the CMS worsened, the 
number of pharmacological and nonpharmacological 
treatments tended to increase, in addition to basic treat-
ment. Conversely, no significant patterns were observed 
across KLG (Fig. 2A, B).

Surgical treatment
There were differences in surgical treatment across dif-
ferent KLG (χ2 = 70.920, τ = 0.391, P < 0.001) but not 
across different CMS (χ2 = 0.190, τ = 0.013, P > 0.05). A 

Fig. 1 Distribution of age in CMS and KLG. The age were evenly distributed among the different CMS (A, B), while KLG showed an aggravating 
trend with age (C, D)
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significant correlation was found between KLG and sur-
gical treatment compared with CMS (Table  S5). There 
were no significant differences in the proportions of 
patients across different CMS and surgical modalities, 
but differences were observed across KLG (Fig. 2C, D).

Causality analysis
The results indicated that KLG had a stronger causal 
relationship with age compared with CMS. Additionally, 
treatment options showed a strong causal relationship 
with CMS, especially in nonsurgical treatments (basic, 
nonpharmacological, and pharmacological). Conversely, 
surgical treatments (restorative and reconstructive) 
exhibited a strong causal relationship with KLG (Fig. 3).

Analysis of clinical outcomes
Clinical effectiveness under CMS guidance
CMS included a total of 1465 patients with KOA, the 
net difference in VAS at week 8 of treatment was 3.51 
(95% CI: 3.42, 3.60). The net difference in WOMAC 
total score was 17.31 (95% CI: 16.63, 17.99). The net dif-
ference in WOMAC pain was 3.55 (95% CI: 3.40, 3.70). 
The net difference in WOMAC stiffness was 1.18 (95% 
CI: 1.11, 1.25). The net difference in WOMAC func-
tion was 12.57 (95% CI: 12.07, 13.08). Data from 152 

patients used to analyze clinical effectiveness that were 
not guided by CMS, the net difference in VAS, WOMAC 
pain, WOMAC stiffness and WOMAC total at week 8 
of treatment was 3.30 (95% CI: 3.05, 3.54), 3.14 (95% CI: 
2.68, 3.60), 0.95 (95% CI: 0.76, 1.15), 11.36 (95% CI: 9.80, 
12.91), 15.45(95% CI: 13.40, 17.49) (Table S6).

We analysed the results of the study in comparison 
with the study of celecoxib for KOA [30], and found that 
the net difference in VAS, function and WOMAC total 
score was significantly higher in CMS than celecoxib 
(3.51 vs. 2.77, 12.57 vs. 11.87, 17.31 vs. 16.78), and there 
was no significant difference in the net difference in pain 
(3.55 vs. 3.66) and stiffness (1.18 vs. 1.36). In addition, 
the net differences in CMS were all higher than in MCID, 
which has clinical therapeutic implications. The intuitive 
comparison trends are shown in Fig. 4.

We also analysed the clinical effectiveness of each 
CMS. In 71 CMS I patients, at week 8 of treatment, 
the net difference in VAS was 1.70 (95% CI: 1.49, 1.92). 
The net difference in WOMAC total, WOMAC pain, 
WOMAC stiffness, and WOMAC function was 10.17 
(95% CI: 7.51, 12.83), 2.45 (95% CI: 1.72, 3.18), 1.38 
(95% CI: 1.00, 1.76), 6.34 (95% CI: 4.19, 8.49). In 569 
CMS II patients, at week 8 of treatment, the net dif-
ference in VAS was 2.84 (95% CI: 2.72, 2.96). The net 

Fig. 2 Distribution of treatment modalities in CMS and KLG. As CMS aggravated, there was an increasing trend in pharmacologic 
and non-pharmacologic treatments (A), whereas there was no significant pattern in KLG (B). There were no significant diferences in the proportions 
of different CMS across surgical treatments (C). KLG III has more restorative treatment while KLG IV has more reconstructive treatment (D). E, F 
is the percentage of CMS and KLG across treatment modalities
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difference in WOMAC total, WOMAC pain, WOMAC 
stiffness, and WOMAC function was 18.25 (95% CI: 
17.23, 19.28), 3.93 (95% CI: 3.71, 4.15), 1.08 (95% CI: 
0.98, 1.19), 13.24 (95% CI: 12.46, 14.02). In 825 CMS III 
patients, at week 8 of treatment, the net difference in 
VAS was 4.13 (95% CI: 4.02, 4.24). The net difference in 
WOMAC total, WOMAC pain, WOMAC stiffness, and 
WOMAC function was 17.28 (95% CI: 17.23, 19.28), 
3.39 (95% CI: 3.18, 3.60), 1.23 (95% CI: 1.14, 1.33), 12.66 
(95% CI: 11.97, 13.34). All statistically significant differ-
ences (P < 0.001) (Tables 1, 2). Net difference of all out-
comes exceeded MCID which was clinically significant. 
The intuitive decreased tendency were shown in Fig. 5.

Changes in CMS and KLG before and after treatment
Of the 1,465 patients with KOA in CMS, the percent-
age of CMS I-III before treatment was 4.85%, 38.84%, 
56.31%, and after treatment was 49.69%, 49.62%, and 
0.68%, respectively, which is a statistically significant 
difference (χ2 = 1354.98, P < 0.001). However, the per-
centage of KLG I-IV was unchanged before and after 
treatment (χ2 = 0, P > 0.05) (Table S7, Fig. 6).

Discussion
In this study of 13,983 KOA patients analyzing the char-
acteristics of CMS applications, over 90% experienced 
moderate-to-mild pain. Approximately 4.72% of patients 
exhibited clinical symptoms inconsistent with their 
radiographic findings, with 0.24% of those with KLG I 
in CMS III and 4.48% with KLG IV in CMS I. Previous 
studies have highlighted the discrepancy between knee 
pain and OA, particularly in cases of mild OA, and noted 
that a proportion of patients with severe OA report no 
pain (approximately 25.8%) [31]. While the findings in 
this survey are significantly lower than those reported in 
earlier studies, it is important to consider that global OA 
incidence was projected to reach approximately 414.7 
million cases of OA by 2019 [32–34]. Even at 4.72%, this 
corresponds to an estimated 20 million individuals expe-
riencing inconsistent symptoms and radiographic find-
ings. This suggests that a significant number of patients 
may be receiving treatment regimens that do not align 
with their clinical symptoms, potentially leading to sub-
stantial waste of healthcare resources. Therefore, imple-
menting clinically tailored treatment strategies for KOA 
is crucial.

CMT

KLG

Fig. 3 Causality diagram illustrating the causation between CMS, KLG, and various factors. The arrows point to ‘results’. The value is the causality 
factor. Larger values and thicker lines indicate a more pronounced causality
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The evaluation of the demographic data for patients 
with KOA revealed variations in age distribution based 
on clinical typing and radiographic grading. Advanced 
age is widely recognized as a significant factor in the 
development of KOA [34], with previous studies sug-
gesting that the severity of OA tends to worsen with age 
[35, 36]. Regardless of correlation or causality, our results 
indicate a stronger correlation between KLG and age. 
Interestingly, no significant differences were observed 
in the proportion of patients across different age groups 
in the CMS. While it is well established that age corre-
lates with osteoarthritis, it does not necessarily corre-
late with the severity of clinical symptoms. This explains 
the absence of a significant relationship between CMS 
(a clinical findings Staging method) and age. Therefore, 

this finding suggests that CMS is independent of age. 
Consequently, CMS can be effectively applied across 
different age groups, offering an objective reflection of 
patients’ actual symptoms. As the predominant popula-
tion affected by KOA, women exhibit a higher prevalence 
than men [37]. Previous studies have demonstrated sex 
differences in pain perception [38–41], with women gen-
erally exhibiting lower pain thresholds compared with 
men [42]. In our study, women were more prevalent in 
both CMS and KLG, suggesting that they may experience 
more severe clinical symptoms and radiographic mani-
festations (Table S8). Obesity, a recognized risk factor for 
KOA [43], is associated with chronic inflammation [44]. 
BMI, which is closely related to total body fat, reflects the 
degree of obesity in patients [45]. Our findings show that 

Fig. 4 Differences in VAS and WOMAC scores at each visit point in CMS. Net difference: difference between before and Week 8 of treatment, 
positive values being improvement, negative values being aggravation. Celecoxib: all results are the difference from baseline at Week 8 
of treatment, and the VAS and WOMAC scores were scored in units of 100 mm, and the values were homogenised to ensure comparability of study 
results. A–E is the change of VAS and WOMA scores in CMS, the net difference of all outcomes is higher than MCID. F CMS has higher net differences 
in VAS, function, and WOMAC-Total than NSAIDs and celecoxib, and the net difference between Stiffness and Pain was higher than NSAIDs 
but lower than celecoxib

Table 1 Changes in VAS scores at CMS I–III

Data representation: M(Q1–Q3)
a Net difference: difference between before and Week 8 of treatment, positive values being improvement, negative values being aggravation

CM staging Before treatment Week 8 of treatment Net difference (95%CI)a Decrease (95%CI) P

CMS I (n = 71) 3.00 (2.50, 3.00) 1.00 (1.00, 1.00) 1.70 (1.49, 1.92) 62% (55–69)  < 0.001

CMS II (n = 569) 5.00 (4.00, 6.00) 2.00 (1.00, 3.00) 2.84 (2.72, 2.96) 57% (54–59)  < 0.001

CMS III (n = 825) 9.00 (8.00, 9.00) 4.00 (4.00, 6.00) 4.13 (4.02, 4.24) 47% (46–48)  < 0.001
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in CMS, obese and overweight individuals were predomi-
nant in CMS III, whereas normal weight and overweight 
individuals were more prevalent in CMS I and II. Con-
versely, normal weight and overweight individuals were 
predominant across various KLG (Table  S9).This sug-
gests that BMI may contribute to inconsistent clinical 

symptoms and radiographic findings among patients 
with KOA. Additionally, our study revealed consistent 
trends in the distribution of factors such as occupation 
(Table  S10), residential environment (Table  S11), fam-
ily history of KOA (Table S12), osteoporosis (Table S13), 
alcohol history (Table  S14), and smoking history 

Table 2 Changes in WOMAC scores at CMS I–III

Data representation: M(Q1–Q3)
a Net difference: difference between before and week 8 of treatment, positive values being improvement, negative values being aggravation

CM staging Outcome Before treatment Week 8 of treatment Net difference (95%CI)a Decrease (95%CI) P

CMS I (n = 71) WOMAC-pain 4.00 (2.00, 5.00) 1.00 (0.00, 2.00) 2.45 (1.72, 3.18) 58% (47–69)  < 0.001

WOMAC-stiffness 2.00 (0.00, 3.50) 0.00 (0.00, 0.00) 1.38 (1.00, 1.76) 50% (39–62)  < 0.001

WOMAC-function 7.00 (5.50, 16.50) 2.00 (0.00, 5.00) 6.34 (4.19, 8.49) 58% (42–75)  < 0.001

Womac-total 14.00 (9.00, 24.50) 3.00 (0.00, 7.00) 10.17 (7.51, 12.83) 63% (52–73)  < 0.001

CMS II (n = 569) WOMAC-pain 7.00 (5.00, 8.00) 2.00 (1.00, 4.00) 3.93 (3.71–4.15) 59% (57–62)  < 0.001

WOMAC-stiffness 2.00 (1.00, 3.00) 1.00 (0.00, 2.00) 1.08 (0.98–1.19) 40% (36–44)  < 0.001

WOMAC-function 24.00 (14.00, 29.00) 7.00 (3.00, 13.00) 13.24 (12.46–14.02) 57% (54–60)  < 0.001

Womac-total 33.00 (20.00, 41.00) 9.00 (5.00, 19.00) 18.25 (17.23–19.28) 58% (56–61)  < 0.001

CMS III (n = 825) WOMAC-pain 11.00 (9.00, 13.00) 8.00 (7.00, 10.00) 3.39 (3.18, 3.60) 26% (25–28)  < 0.001

WOMAC-stiffness 4.00 (3.00, 5.00) 3.00 (2.00, 4.00) 1.23 (1.14, 1.33) 22% (20–24)  < 0.001

WOMAC-function 41.00 (34.00, 47.00) 28.00 (24.00, 34.00) 12.66 (11.97, 13.34) 28% (27–29)  < 0.001

Womac-total 56.00 (47.00, 66.00) 38.00 (34.00, 47.00) 17.28 (16.34, 18.21) 28% (26–29)  < 0.001

C
M

S 
I

C
M

S 
II

C
M

S 
II

I

Before treatment Week 8 of treatment CMS CelecoxibNSAIDs

A B C D E

F G H I J

K L M N O

Fig. 5 A–E Differences in VAS and WOMAC scores at each visit point in CMS I. The net difference of VAS was lower than MCID, and the net 
difference of pain, stiffness, function, and WOMAC total scores were higher than MCID. The net difference of all outcomes was lower than Celecoxib. 
F–J Differences in VAS and WOMAC scores at each visit point in CMS II. The change of VAS and WOMA scores, the net difference of VAS, Pain, 
Stiffness, Function, and WOMAC total scores were higher than MCID. The net difference of VAS, Pain, Function, and WOMAC total scores was higher 
than Celecoxib. K–O Differences in VAS and WOMAC scores at each visit point in CMS III. The net difference of VAS, Pain, Stiffness, Function, 
and WOMAC total scores were higher than MCID. The net difference of VAS, Function, and WOMAC total scores was higher than Celecoxib
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(Table S15) across both CMS and KLG. This potentially 
suggests that, similar to the KLG, CMS may not be influ-
enced by these factors when assessing the severity of clin-
ical findings in patients with KOA.

This study analyzed the differences between CMS and 
KLG in terms of treatment options and found a correla-
tion between CMS and treatment options. The correla-
tion showed an increasing trend with the worsening of 
CMS, whereas no clear pattern was observed with KLG. 
Furthermore, we categorized treatment modalities into 
nonsurgical (basic, nonpharmacological, and pharma-
cological) and surgical (restorative and reconstructive) 
treatments to compare the treatment approaches based 
on CMS and KLG. We found that CMS correlated 
more strongly associated with nonsurgical treatment. 
As CMS worsened, there was a noticeable increase in 
the use of pharmacological and nonpharmacologi-
cal treatments, alongside basic treatment. In contrast, 
no significant difference was observed across CMS 
stages with respect to surgical treatment, and no cor-
relation was found with surgical interventions. KLG, 
on the other hand, demonstrated the opposite pat-
tern. These findings suggest that while both CMS and 
KLG can guide the clinical treatment of KOA by pro-
viding corresponding treatment plans based on clini-
cal symptoms or radiographic changes, symptoms can 
change dynamically over a relatively short period. CMS 
can be more useful in adjusting the treatment strate-
gies in response to these dynamic changes. However, 
radiographic grading primarily assesses the severity of 
osteoarthritis (OA) and is less effective in evaluating 
symptoms. Causality analysis revealed that CMS exhib-
ited a causal relationship with treatment options. Basic, 

pharmacological, and nonpharmacological treatments 
were strongly associated with CMS, while restorative 
and reconstructive treatments were more closely linked 
to KLG. Therefore, compared with KLG, CMS may be 
more appropriate for assessing the severity of symp-
toms to determine nonsurgical treatment options for 
patients with KOA, but it is not suitable for assessing 
the severity of OA and options for surgical treatment 
compared with KLG.

In this study, we developed a staging method based on 
the clinical findings of KOA and used CMS to guide the 
non-surgical treatment of KOA for the first time. The 
results demonstrated significant and clinically mean-
ingful improvements in pain, function, and stiffness in 
KOA patients at different CMS. To enhance the reliabil-
ity of the findings, we also compared the results with a 
previous study [29]. This comparison showed that the 
symptomatic improvement in KOA patients guided 
by CMS was superior to that of NSAID treatment 
without CMS guidance. Furthermore, we conducted 
a detailed analysis of the clinical effectiveness at each 
stage of CMS. In CMS I, the improvement in the VAS 
did not reach the MCID, which is due to the fact that 
the maximum VAS score in CMS I is 3, and this mild 
pain may not change much when scored. Additionally, 
we also compared and analysed the results with studies 
related to celecoxib for KOA and found that in CMS II 
and CMS III, the improvement of pain and function in 
KOA patients was superior to celecoxib. This also sug-
gests that CMS can achieve satisfactory effectiveness 
when guiding non-surgical treatment of KOA. Moreo-
ver, CMS changed significantly before and after treat-
ment, indicating that the CMS can be flexibly adjusted 

Fig. 6 Changes in CMS and KLG before and after treatment
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based on the clinical findings of KOA patients, ensuring 
its alignment with their evolving condition.

This study involved over 14,000 patients with KOA 
from 84 hospitals and 8 communities, representing a 
range of medical institutions (level I, mainly community 
hospitals; level II, mainly regional hospitals; and level 
III, dominated by hospitals above the regional level). 
This diverse sample enhances the generalizability of our 
findings. By adopting this approach, we were able to 
objectively and comprehensively capture the character-
istics of the KOA population and the current treatment 
landscape. We introduced the concept of the CMS and 
explored the causal relationships between CMS, KLG, 
and various influencing factors through correlation 
analysis. These findings provide a clearer understand-
ing of the scope and application of both CMS and KLG. 
The above results suggest that using CMS to guide the 
development of nonsurgical treatment strategies could 
offer more accurate and tailored treatment options, 
potentially enhancing cost-effectiveness in alleviating 
clinical symptoms. However, given the limitations of 
the current survey, further analysis will be conducted in 
future studies to refine these conclusions.

However, our study has some limitations. The num-
ber of patients with KOA classified as KLG I, KLG IV, 
and CMS III was relatively small, which aligns with the 
general pattern of clinical onset of KOA. Additionally, 
this study did not assess post-intervention treatment 
outcomes. While this omission does not affect the 
validity of our findings, the advantages of clinical typ-
ing still warrant further analysis through longitudinal 
studies in the future.

In conclusion, this study elucidated the application 
characteristics and clinical effectiveness of CMS. CMS 
is consistent with patients’ clinical findings, suitable for 
guiding non-surgical treatment of KOA, and can have 
significant clinical effects. Our research results pro-
vide a reliable basis for the clinical application of CMS, 
which is conducive to improving the management of 
non-surgical treatment for KOA patients worldwide. 
Meanwhile, KLG and CMS should be used in combina-
tion in the clinical management of KOA to realize syn-
ergistic effects.
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