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Abstract
Background and aim: Acupuncture alleviates pain and improves physical function in knee osteoarthritis (KOA). The therapeutic effect of acupuncture may
depend on acupoint selection. This longitudinal study aimed to observe dynamic change of acupoint sensitization in knee osteoarthritis (KOA) patients, and to
investigate the relationship between acupoint PPTs and disease severity.

Methods: Two-hundred-and-forty-six KOA patients were enrolled in this longitudinal study from 5 clinical centers.; data from 216 samples were analyzed. All
participants underwent PPT assessment of 19 acupoints once weekly for 4 weeks. Multilevel analysis of repeated measurement data was performed.

Results: The PPTs at each acupoint decreased across the four timepoints, as the 19 acupoints became more pain-sensitive over time. Single-factor multilevel
analysis showed a greater decrease in acupoint PPT at clinical stage ≥III than clinical stage I (p<0.05); PPTs at Xuehai (SP-10), Heding (EX-LE2), Ququan (LR-
8), Yingu (KI-10), Xiguan (LR-7) and Qiuxu (GB-40) decreased more in imaging classi�cation II than imaging classi�cation I (p<0.05); PPT at Yaoyangguan
(DU-3) decreased more in imaging classi�cation ≥III than imaging classi�cation I (p<0.05). Multi-factor multilevel analysis showed that the PPTs of Heding
(EX-LE2), Liangqiu (ST-34), Ququan (LR-8), Dubi (ST-35), Weiyang (BL-39), Yinglingquan (SP-9), Xiguan (LR-7), Zusanli (ST-36), Yanglingquan (GB-34), Qiuxu
(GB-40), and Weizhong (BL-40) decreased more with the progression of clinical stages (p<0.05); PPTs at Xuehai (SP-10), Heding (EX-LE2), Ququan (LR-8),
Yingu (KI-10), Xiguan (LR-7), and Qiuxu (GB-40) decreased more in imaging classi�cation II than imaging classi�cation I (p<0.05); PPT at Qiuxu (GB-40)
decreased more in imaging classi�cation ≥III than imaging classi�cation I (p<0.05).

Conclusion: The correlated acupoints became more pain-sensitive over time, and the acupoint PPTs were in accordance with disease severity. Liangqiu (ST-
34), Dubi (ST-35), Weiyang (BL-39), Yinglingquan (SP-9), Xiguan (LR-7), Zusanli (ST-36), Yanglingquan (GB-34), and Qiuxu (GB-40) were most related to
disease severity, they should be recommended clinically.

Trial registration: ChiCTR, ChiCTR1800014616. Registered 24 January 2018 - Retrospectively registered, http://www.chictr.org.cn/showproj.aspx?proj=24037

Article Summary

Strengths and limitations of this study
To our knowledge, this is the �rst longitudinal study to observe the dynamic change of acupoint sensitization in knee osteoarthritis (KOA) patients.

Multilevel model analyses were used to comprehensively explore the relationships between various factors and acupoint sensitization.

A limitation of this study is that 4 weeks might be not long enough to observe pathological changes.

Although acupuncture treatment and some pharmacotherapies were not allowed during the 4-week observation period, other pharmacotherapy or non-
pharmacotherapy treatments (except for acupuncture) and self-adjustment were not recorded, which might lead to certain bias.

Background
Osteoarthritis (OA) is one of the most common musculoskeletal disorders and is a leading cause of pain and disability worldwide [1], which represents a
substantial and increasing health burden with notable implications for the individuals affected, healthcare systems, and wider socioeconomic costs [2–4].
Clinically, the knee is the most common site of OA.[5] In the United States, symptomatic knee OA (KOA) affects approximately 9.9 million adults.[6] In China,
the prevalence of symptomatic KOA is about 8.1%, and is higher in women (10.3%) than in men (5.7%).[7] About 25% of adults > 55 years old experience
signi�cant knee pain, half of whom have radiographic OA changes and a quarter of whom have signi�cant disability.[8] The reported risk factors for KOA
include age, female sex, being overweight, genetics, and repeated knee bending or heavy lifting.[1, 6] With the combined effects of ageing and increasing
obesity in the global population, along with increasing numbers of joint injuries, this already burdensome syndrome is becoming more prevalent.

The most disabling symptom experienced by patients with OA is pain, which is a major driver of clinical decision-making and health service use, and is best
framed within a biopsychosocial model.[1] Effective pain control is needed to improve the quality of life and minimize disability of patients with KOA. Current
guidelines recommend �rst-line treatment comprising non-pharmacological methods such as education and self-management, exercise, weight loss if
overweight or obese, and walking aids as indicated.[6, 9, 10] Management of OA pain is based on a sequential hierarchical approach; once the �rst-line
treatment becomes inadequately effective, pharmacological methods become the main form of treatment.[11, 12] Non-steroidal anti-in�ammatory drugs and
paracetamol are most often recommended as �rst-line analgesics for KOA.[6, 9, 13] In individual patients, the bene�t of oral non-steroidal anti-in�ammatory
drugs has to be weighed against their potential adverse effects on the gastrointestinal, cardiovascular, and hepatic systems.[14, 15]

Acupuncture has acquired an increasing amount of attention as an alternative therapy for pain management, [16–18] with long-term effects and low risk of
adverse events.[19, 20] Evidence indicates that acupuncture alleviates pain and improves the physical function of patients with KOA, with a low risk of adverse
reactions.[21–24]. However, some studies have reported that acupuncture has no bene�cial effects for KOA.[25, 26] This difference in therapeutic effect may
be caused by variation in the acupoints treated, as the appropriate selection of acupoints is crucial to the achievement of the treatment effect.[27]
Individualized acupoint prescription is the main method of acupoint selection in clinical practice, and the acupoint prescription should be adapted in
accordance with the changes in condition. According to the theory of traditional Chinese medicine (TCM), there are connections between the disease
conditions and their respective points (i.e., traditional acupoints and tender points on the body surface).[28] These points become sensitized when the body is
in a diseased state, and stimulation of the sensitive points leads to an improvement of the disease conditions. [29, 30]

Pain sensitization at acupoints has been observed in patients with gastric ulcers or gastritis,[31] stable angina pectoris,[32] shoulder pain,[33] and KOA[34].
The pain sensitization of acupoints is assessed using the pressure pain threshold (PPT),[35]which is a semi-objective method used to quantify localized pain.
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[33, 36, 37] The present longitudinal study with multilevel modelling analysis was conducted to determine the optimal acupoint prescription in KOA, investigate
the dynamic changes over time in acupoint pain sensitization in patients with KOA, and evaluate the impact of disease severity on acupoint pain sensitization.

Methods
Study design

This is a longitudinal study. The protocol was developed in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
guidelines.[38] This study was designed in accordance with the principles of the Declaration of Helsinki. The study protocol has been approved, and is
registered on the primary registry in the WHO registry network (Chinese Clinical Trial Registry: no. ChiCTR1800014616).

Participants

Patients with KOA were recruited from March 2017 to November 2018 at the outpatient clinics of the Departments of Acupuncture and Moxibustion, and
Orthopaedics in �ve clinical centers in China: Chengdu University of Traditional Chinese Medicine, Hunan University of Traditional Chinese Medicine, Shaanxi
University of Traditional Chinese Medicine, Shanxi University of Traditional Chinese Medicine, and Guizhou University of Traditional Chinese Medicine.

The diagnosis of KOA was made in accordance with the criteria in the Guidelines for the Medical Management of Osteoarthritis. [39–41]

Inclusion criteria

Patients were eligible for study inclusion if they: (1) met the KOA diagnostic criteria; (2) were 40–80 years old; (3) provided written informed consent for all
study procedures.

Exclusion criteria

Patients were excluded if they met any of the following criteria: (1) diagnosis of conditions leading to skeletal disorders, such as tuberculosis, tumors or
rheumatism of the knee joint, and rheumatoid arthritis; (2) sprain or trauma in the lower limbs; (3) inability to walk properly due to foot deformity or pain; (4)
inability to answer the questionnaire due to mental disorders and/or intellectual disability; (5) concomitant severe cardiovascular disease, liver and kidney
function impairment, immune de�ciency, diabetes mellitus, or hemopathy.

Protocol

All participants completed a number of questionnaires, including demographic data (age, sex, race, height, and weight) and disease information (disease
duration and TCM syndrome differentiation). Clinical stage was diagnosed by professional clinicians in accordance with clinical symptoms and radiographic
results.[42, 43] After informed consent was obtained, the patients were assessed to determine their eligibility in accordance with the inclusion and exclusion
criteria. PPT measurements were carried out once a week for 4 weeks for all included patients.

PPT measurement

Based on literature data-mining and a pilot study[34], we identi�ed the 19 most frequently used acupoints in the treatment of KOA. The affected knee was
exposed to enable the marking of 15 acupoints on the lower limb, and the back was exposed to enable the marking of the other four acupoints (Mingmen (DU-
4), Yaoyangguan (DU-3), Shenshu (BL-23), and Dazhu (BL-11)). The procedure was carried out by expert acupuncturists, as performed in our previous study
[37]. The acupuncturist used the FDIX Force Gauge (Force One FDIX, Wagner Instruments, Greenwich, Connecticut, USA) to make two measurements of the
PPT at each of the 19 acupoints. All participants were instructed to indicate when the pressure became painful; at that time, the pressure was immediately
stopped, and the force was recorded. The PPT was calculated as the mean of two measurements at each point. If there was more than 500 gf difference
between the two PPT measurements at one acupoint, the PPT of the acupoint was measured a third time. There was an interval of approximately 2 minutes
between measurements.

Sample size calculation

As this study was a longitudinal repeated measurement study, the longitudinal change rate was applied for the sample size estimation.[44] According to the
previous literature, the longitudinal change rate of acupoint sensitization ranges from 10–80%.[45, 46] In the present study, it was expected that the change
rate of acupoint sensitization in the cohort would be 30%, and the tender point sensitization of the cohort would be 5%. Based on the estimation of variance of
a random cross-section, where the slope was 24, residual value was 10, α = 0.05, and β = 0.9, the minimum required sample size was 233. Assuming a 10%
loss rate, the �nal sample size was set as 256.

Data analysis
Routine statistical analysis

Data were inputted into a computer with Epidata 3.0 software and analyzed by a statistical software package (SAS 9.4). The quantitative data were described
by mean ± standard deviation; the qualitative data were described by the frequency and percentage. Descriptive analysis was used to describe the basic
patient characteristics and disease severity.

Multilevel analysis
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Acupoint PPT data has a distinct hierarchical structure, with aggregation in different districts and patients. In consideration of the auto-correlation between the
data and the di�culty of repeated measurement variance analysis when there are missing data, the repeated measurement multilevel model was used to
analyze the relationships between the severity of the disease (based on clinical stage or imaging classi�cation), time, and acupoint PPT. The PPT changes at
the 19 acupoints were analyzed by multistage multiple regression. A three-level random intercept regression model was constructed, with timepoint at level 1,
patient at level 2, and district at level 3. Subsequently, the multilevel multiple regression models included seven independent variables, comprising six on the
patient level and one on the timepoint level. The six patient-level variables were age (in years), sex, body mass index (BMI), disease severity, disease duration
(in years), and TCM syndrome differentiation. The timepoint-level variable was measurement time (in weeks). All continuous variables were centered
(subtracted from the mean) before the analysis. Multilevel analysis of repeated measurement data was performed by MLwiN 2.30 software. The signi�cance
level was set at 0.05.

Table 1 shows the encoding and assignment of each variable in the original data. To investigate the relationship between acupoint PPTs and disease severity
in patients with KOA, the PPTs of the 19 acupoints in the four follow-up surveys was taken as the dependent variable. The level of signi�cance was set at 0.05.
The ordered multi-classi�cation variables (clinical stage/ imaging classi�cation) were included in the form of grouped linear variables and dummy variables,
respectively, and model I and model II were �tted to determine whether the difference in negative twice logarithmic likelihood between the two models was
statistically signi�cant; the clinical stage was �nally included in the form of a dummy variable.

Table 1
Variable coding and assignment of the original data

Indicator Variable State variable

District (level 3) Region 1 5

Patient (level 2) ID 1 216

Time point (level 1) NO 1 864

Time Time 0 3

Age Age 43 75

Gender Gender 0 = male, 1 = female

Body Mass Index BMI 17.19 32.42

Clinical stage Clinical 0 = Clinical stage I

1 = Clinical stage II

2 = Clinical stage III and above

Imaging classi�cation Imaging 0 = Imaging classi�cation I

1 = Imaging classi�cation II

2 = Imaging classi�cation III and above

Duration of disease Duration 0.8 ~ 40

Syndrome differentiation of TCM Syndrome 0 = De�ciency of liver and kidney

1 = Yang de�ciency with congealing cold

2 = Qi stagnation and blood stasis

Results
Recruitment and baseline characteristics

From March 2017 to November 2018, 246 patients from �ve clinical centers were enrolled, and data from 216 samples were analyzed. The characteristics and
disease information of these 216 patients are shown in Table 2.
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Table 2
Patient characteristics

  characteristics No. (%)b  

  Clinical center

Chengdu University of TCM,

Hunan University of TCM

Shaanxi University of TCM

Shanxi University of TCM

Guizhou University of TCM

60

36

29

44

47

 

  Age, mean (SD), y 57.23(7.67 )  

  Gender

Female

Male

175

41

 

  BMI, mean (SD) 23.79(2.78)  

  Duration of illness, mean (SD), y 5.35(6.20)  

bValues are reported as number (%) unless otherwise indicated.

Longitudinal comparison of the four PPT measurements at the selected acupoints

The four PPTs at each acupoint showed a decreasing trend, as the 19 acupoints became more pain-sensitive with time (Fig. 1). With the progression of the
disease, the acupoints associated with KOA became more pain-sensitized.

Multilevel statistical analysis

Single-factor multilevel model

Single-factor multilevel model analysis showed that the acupoint PPTs differed in accordance with the clinical stage (Table 3) and imaging classi�cation
(Table 4). Compared with patients at clinical stage I, the PPTs of each acupoint were signi�cantly lower in patients at clinical stage III and above (p < 0.05).
Compared with patients with imaging classi�cation I, the PPTs at Xuehai (SP-10), Heding (EX-LE2), Ququan (LR-8), Yingu (KI-10), Xiguan (LR-7), and Qiuxu
(GB-40) were signi�cantly lower in patients with imaging classi�cation II (p < 0.05); the PPT at Yaoyangguan (DU-3) were signi�cantly lower in patients with
imaging classi�cation III and above compared with patients with imaging classi�cation I (p < 0.05).
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Table 3
Single-factor multilevel model of acupoint PPT and Clinical stage

  Acupoints Variable

  Clinical stage(II:I) Clinical stage(III:I)

  Xuehai(SP-10) 38.88(159.72) -512.20(245.95)*

  Heding(EX-LE2) -32.93(225.77) -1025.18(348.67)*

  Liangqiu(ST-34) -181.60(214.37) -1025.70(329.01)*

  Ququan(LR-8) -0.22(168.77) -656.66(260.21)*

  Yingu(KI-10) -118.28(199.72) -679.81(318.59)*

  Neixiyan(EX-LE5) -130.08(242.16) -693.42(372.90)

  Dubi(ST-35) -0.61(195.43) -747.39(301.91)*

  Yinglingquan(SP-9) -73.96(172.46) -538.14(265.67)*

  Xiguan(LR-7) -30.18(172.01) -707.89(264.28)*

  Zusanli(ST-36) -238.38(228.83) -918.35(353.26)*

  Yanglingquan(GB-34) -165.05(210.25) -700.77(324.53)*

  Weiyang(BL-39) -169.44(194.36) -785.96(298.64)*

  Weizhong(BL-40) -75.26(203.63) -795.74(312.81)*

  Xuanzhong (GB-39) -92.73(220.52) -771.11(341.48)*

  Qiuxu (GB-40) -240.18(189.50) -753.51(292.52)*

  Dazhu(BL-11) 25.53(221.07) -637.82(342.45)*

  Shenshu(BL-23) -74.48(248.74) -828.90(386.04)*

  Mingmen(DU-4) -56.03(220.17) -677.06(342.79)

  Yaoyangguan(DU-3) -110.94(218.06) -789.12(338.85)*

*P < 0.05 (statistical signi�cance).
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Table 4
Single-factor multilevel model of acupoint PPT and Imaging classi�cation

  Acupoints Variable

  Imaging classi�cation(II:I) Imaging classi�cation(III:I)

  Xuehai(SP-10) -280.77(126.66)* -228.71(206.77)

  Heding(EX-LE2) -396.26(179.70)* -254.39(291.60)

  Liangqiu(ST-34) -261.28(170.20) 6.64(284.71)

  Ququan(LR-8) -272.63(134.47)* -124.10(219.16)

  Yingu(KI-10) -358.702(158.74)* -165.88(260.00)

  Neixiyan(EX-LE5) -107.62(192.09) 222.02(320.97)

  Dubi(ST-35) -100.44(155.97) -81.37(254.48)

  Yinglingquan(SP-9) -249.80(135.83) 123.44(221.75)

  Xiguan(LR-7) -418.85(135.23)* -88.13(223.89)

  Zusanli(ST-36) -240.36(181.84) -62.10(302.34)

  Yanglingquan(GB-34) -246.35(167.16) -41.87(273.43)

  Weiyang(BL-39) -211.67(153.94) -35.83(257.21)

  Weizhong(BL-40) -177.07(160.85) 21.69(270.32)

  Xuanzhong (GB-39) -149.53(169.79) -93.19(276.50)

  Qiuxu (GB-40) -348.00(144.66)* -100.97(237.75)

  Dazhu(BL-11) -213.57(169.32) -136.12(276.55)

  Shenshu(BL-23) -176.86(191.01) -254.29(313.71)

  Mingmen(DU-4) -185.85(168.20) -96.84(271.04)

  Yaoyangguan(DU-3) -172.70(166.30) -96.63(338.85)*

*P < 0.05 (statistical signi�cance).

Multi-factor multilevel model analysis

To explore the factors in�uencing acupoint PPT in patients with KOA, the PPT of 19 acupoints was taken as the dependent variable, and the factors that
showed signi�cance (P < 0.1) in the single-factor multilevel model (sex, measurement time, BMI, and clinical stage/imaging classi�cation) were entered in the
multi-factor multilevel model of repeated measurement data, with the level of signi�cance set at 0.05.

The random effects results in Table 5 showed that the acupoint PPTs differed between the 216 individuals, and the PPTs also differed between the acupoints
within each individual. With the other factors kept constant, the acupoint PPTs decreased with time, showing that the pain sensitivity of the acupoints
increased. Each patient had different slope changes with time at the following 11 acupoints: Xuehai (SP-10), Liangqiu (ST-34), Neixiyan (EX-LE5), Dubi (ST-35),
Weiyang (BL-39), Yinglingquan (SP-9), Xiguan (LR-7), Zusanli (ST-36), Yanglingquan (GB-34), Xuanzhong (GB-39), and Qiuxu (GB-40) (p < 0.05).
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Table 5
a. Random coe�cient model of the factors affecting the PPTs of the acupoints

Variable Acupuncture points

Xuehai Heding Liangqiu Ququan Yingu Nexiyan Dubi Yinlingquan Xiguan Zusanli

Fixed
effect

                   

Intercept 2630.29 3419.18 3314.14 2524.83 2726.1 3263.2 2961.57 2567.66 2370.72 3321.27

(276.33)* (354.40)* (348.78)* (287.20)* (300.00)* (327.29)* (295.65)* (287.69)* (291.10)* (331.82)*

Time -111.79 -155 -144.86 -94.6 -71.42 -190.81 -158.34 -100.52 -89.59 -170.56

(18.52)* (26.75)* (21.75)* (19.50)* (22.69)* (27.94)* (25.53)* (20.77)* (18.64)* (27.36)*

Gender -422.49 -615.65 -700.18 -401 -383.61 -563.31 -326.72 -420.59 -256.96 -461.5

(126.06)* (179.90)* (175.70)* (134.59)* (164.79)* (188.29)* (159.46)* (136.88)* -137.21 (178.07)*

BMI 21.62 45.27 44.22 32.72 49.19 49.58 26.98 25.5 36.24 58.53

(17.39) (24.79) (24.27) (18.57) (22.72)* (25.97) (21.99) (18.88) (18.92) (24.56)*

Clinical
stages

                   

II∶I 99.86 13.54 -115.47 31.69 -71.91 -47.57 18.92 -2.77 -69.42 -215.25

(151.32) (215.61) (206.56) (161.39) (196.7) (219.88) (190.73) (163.65) (161.75) (209.94)

III∶I -458.21 -1059.73 -953.92 -576.57 -582.76 -670.56 -778.83 -513.6 -809.67 -896.86

(236.62) (338.20)* (320.46)* (252.63)* (316.37) (346.6) (298.41)* (256.55)* (253.51)* (332.82)*

Random
effect

                   

σu1
2(Time

slope)
19031.92 29543.26 25337.12 14592.19 10076.6 87102.37 64008.37 32960.06 21746.71 83297

(8049.07)* (17112.5) (11102.85)* (9132.58) (12682.63) (17122.44)* (14487.15)* (9837.81)* (8052.66)* (16411.73)*

*P < 0.05 (statistical signi�cance). The �gures in parentheses are the standard errors.
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Table 5
b. Random coe�cient model of the factors affecting the PPTs of the acupoints

Variable Acupuncture points

Yanglingquan Weiyang Weizhong Xuanzhong Qiuxu Dazhu Shenshu Mingmen Yaoyangguan

Fixed effect                  

Intercept 3181.79 2759.81 2701.76 2116.65 1384.25 2324.13 2451.87 3311 3355.98

(329.84)* (308.05)* (312.65)* (645.97)* (574.48)* (651.74)* (716.37)* (300.20)* (303.32)*

Time -146.6 -69.98 -61.48 -180.21 -107.57 -123.38 -159.09 -131.39 -97.42

(27.15)* (21.94)* (20.31)* (24.91)* (21.38)* (22.70)* (26.37)* (24.05)* (23.11)*

Gender -532.61 -412.03 -425.55 -445.92 -209.72 -430.25 -478.63 -456.73 -515.55

(171.05)* (162.25)* (170.77)* (170.87)* -146.93 (173.60)* (193.42)* (173.25)* (173.57)*

BMI 43.72 51.92 55.72 40.91 49.06 32.2 43.17 43.56 25.52

(23.64) (22.40)* (23.59)* (23.52) (20.20)* (23.89) (26.62) (23.83) (23.87)

Clinical stages                  

II∶I -112.32 -126.46 -30.88 20.23 -159.39 122.66 55.99 -0.15 -31.53

(204.99) (191.45) (200.04) (211.49) (181.98) (214.14) (238.11) (213.98) (214.2)

III∶I -711.11 -700.97 -749.02 -597.25 -669.35 -454.24 -595.31 -521.05 -614.58

(319.53)* (296.80)* (310.26)* (331.28) (284.00)* (335.12) (373.78) (335.73) (335.34)

Random effect                  

σu1
2(Time slope) 75850.52 42214.5 14551.09 41637.15 41492.53 12191 29237.11 8566.73 1710.59

(16304.22)* (10828.78)* (9937.19) (14160.62)* (10133.94)* (12516.7) (16449.92) (14246.73) (13405.98)

*P < 0.05 (statistical signi�cance). The �gures in parentheses are the standard errors.

The �xed effects results in Table 5 showed that the main factors related to acupoint PPTs in patients with KOA were sex, BMI, and clinical stage. Except for
Qiuxu (GB-40) and Xiguan (LR-7), the PPTs of the other 17 acupoints were lower in females than males. The PPTs of Yingu (KI-10), Weiyang (BL-39),
Weizhong (BL-40), Qiuxu (GB-40), and Zusanli (ST-36) increased with the increase in BMI. The PPTs of Heding (EX-LE2), Liangqiu (ST-34), Ququan (LR-8), Dubi
(ST-35), Weiyang (BL-39), Yinglingquan (SP-9), Xiguan (LR-7), Zusanli (ST-36), Yanglingquan (GB-34), Qiuxu (GB-40), and Weizhong (BL-40) decreased with the
progression of clinical stage and disease severity, showing that the pain sensitivity of the acupoints increased. The acupoint PPTs of patients at clinical stage
II tended to be lower than those of patients at clinical stage I, but this difference was not statistically signi�cant. The acupoint PPTs of patients at clinical
stage III were lower than those of patients at clinical stage I (p < 0.05).

The �xed effects results in Table 6 showed that the imaging classi�cation of patients with KOA was related to the PPT of some acupoints. Compared with
patients with imaging classi�cation I, the PPTs at Xuehai (SP-10), Heding (EX-LE2), Ququan (LR-8), Yingu (KI-10), Xiguan (LR-7), and Qiuxu (GB-40) were
signi�cantly lower than those in patients with imaging classi�cation II (p < 0.05); the PPTs at Qiuxu (GB-40) were signi�cantly lower in patients with imaging
classi�cation III and above (p < 0.05). Furthermore, the PPT decreases over the 4-week observation period were signi�cantly greater in patients with imaging
classi�cation II or ≥ III than in patients with imaging classi�cation I (p < 0.05).
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Table 6
a. Random coe�cient model of the factors affecting the PPTs of the acupoints

Variable Acupuncture points

Xuehai Heding Liangqiu Ququan Yingu Nexiyan Dubi Yinlingquan Xiguan Zusan

Fixed effect                    

Intercept 2229.01 2491.48 2214.46 1811.45 1603.42 2011.01 2297.51 1961.31 1558.16 1751.7

(508.16)* (702.26)* (680.60)* (536.89)* (627.21)* (702.07)* (606.08)* (536.30)* (540.99)* (672.4

Time -112.78 -154.03 -145.74 -96.69 -72.84 191.64 -160.45 -101.74 -90.08 -173.1

(18.47)* (26.87)* (21.68)* (19.48)* (22.67)* (28.06)* (25.60)* (20.74)* (18.57)* (27.40

Gender -456.63 -693.31 -783.13 -444.06 -433.41 -633.61 -392.19 -470.62 -328.93 -548.5

(124.13)* (177.66)* (174.28)* (132.76)* (162.75)* (186.35)* (158.41)* (133.03)* (133.70)* (175.0

BMI 28.01 50.93 49.04 38.77 55.86 53.50 32.10 31.92 43.23 67.37

(17.54) (25.07)* (24.61)* (18.75)* (22.98)* (26.31)* (22.35) (18.79) (18.88) (24.72

Imaging
classi�cations

                   

II∶I -247.60 -373.31 -226.74 -254.05 -358.91 -89.27 -104.91 -230.24 -375.80 -273.2

(118.72)* (170.57)* (161.76) (127.14)* (154.68)* (173.13) (150.25) (127.37) (126.19)* (164.1

III∶I -157.62 -216.10 76.52 -48.17 -129.34 235.12 -67.29 192.28 -22.97 -46.11

(192.68) (274.99) (268.77) (205.54) (251.79) (287.74) (245.09) (206.03) (206.60) (270.5

Random
effect

                   

σu1
2(Time

slope)
197833.27 28218.16 23761.67 13937.22 10203.32 87373.78 63386.83 31283.03 19675.79 83406

(8001.44)* (17234.05) (11032.92)* (9091.91) (12596.14) (17199.21)* (14524.02)* (9812.26)* (8021.39)* (1638

*P < 0.05 (statistical signi�cance). The �gures in parentheses are the standard errors.
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Table 6
b. Random coe�cient model of the factors affecting the PPTs of the acupoints

Variable Acupuncture points

Yanglingquan Weiyang Weizhong Xuanzhong Qiuxu Dazhu Shenshu Mingmen Yaoyangguan

Fixed effect                  

Intercept 2083.38 1447.49 1385.11 2068.75 1346.10 2391.99 2470.41 2170.10 2618.14

(657.04)* (619.19)* (648.88)* (644.85)* (575.88)* (653.26)* (716.35)* (637.16)* (639.47)*

Time -150.21 -70.11 -62.04 -180.24 -106.78 -123.67 -157.99 -128.29 -93.97

(26.99)* (22.06)* (20.29)* (25.05)* (21.39)* (22.87)* (26.50)* (24.12)* (23.19)*

Gender -590.74 -475.57 -485.17 -497.22 -265.87 -467.02 -522.96 -511.70 -579.73

(169.09)* (160.82)* (168.93)* (167.87)* (144.27) (169.64)* (190.36)* (167.73)* (168.63)*

BMI 50.49 56.86 59.65 47.90 54.44 39.71 49.96 53.85 34.88

(23.90)* (22.69)* (23.86)* (23.71)* (20.35)* (23.94) (26.87) (23.66)* (23.78)

Imaging
classi�cations

                 

II∶I -267.83 -200.72 -183.17 -135.00 -302.68 -200.10 -173.83 -195.91 -160.55

(160.31) (149.26) (156.42) (160.41) (137.15)* (161.78) (180.65) (161.09) (161.22)

III∶I -29.07 2.11 38.89 -72.91 -82.53 -68.79 -229.22 -33.62 -32.41

(261.51) (247.77) (260.78) (259.90) (223.31)* (262.33 (294.37) (259.69) (261.00)

Random effect                  

σu1
2(Time

slope)
73174.32 43723.62 12896.38 43618.04 41718.29 13848.73 30966.49 8800.04 3298.74

(16069.15)* (10873.24)* (9931.64) (14241.64)* (10114.27)* (12615.53) (16531.10) (14283.31) (13403.50)

*P < 0.05 (statistical signi�cance). The �gures in parentheses are the standard errors.

Discussion
This is the �rst study to evaluate the dynamic changes in acupoint sensitization. The phenomenon of acupoint sensitization had been more dynamically
observed in the present longitudinal study compared with previous studies. Multilevel model analyses were used to comprehensively explore the relationships
between various factors and acupoint sensitization.

Previous studies have showed that the PPTs of related acupoints in patients with KOA are lower than those in healthy subjects;[34] however, the dynamic
variations in the PPTs of these acupoints over time and in accordance with the patients' conditions are still unclear. The present study found that the PPTs of
all acupoints decreased over the 4-week observation period. Without medical intervention, the PPTs of the acupoints reduced as the KOA condition progressed.
Based on the results of literature data-mining and a pilot study,[34] the 19 acupoints assessed in the present study had a close relationship with the KOA
condition, and so the PPTs of all of the 19 acupoints (13 localized acupoints and six distant acupoints) decreased over time.

The single-factor multilevel model analysis showed that the PPTs of the acupoints decreased with the progression of the clinical stage of KOA; compared with
patients with imaging classi�cation I, the PPTs at Xuehai (SP-10), Heding (EX-LE2), Ququan (LR-8), Yingu (KI-10), Xiguan (LR-7), and Qiuxu (GB-40) in patients
with imaging classi�cation II and PPTs at Yaoyangguan (DU-3) in patients with imaging classi�cation III and above were signi�cantly decreased. The multi-
factor multilevel model analysis showed that the PPTs of 11 acupoints decreased signi�cantly with the progression of the clinical stage; compared with
patients with imaging classi�cation I, the PPTs at Xuehai (SP-10), Heding (EX-LE2), Ququan (LR-8), Yingu (KI-10), Xiguan (LR-7), and Qiuxu (GB-40) in patients
with imaging classi�cation II and the PPTs at Qiuxu (GB-40) in patients with imaging classi�cation III and above were signi�cantly decreased.

The abovementioned �ndings indicated that acupoints became more sensitive to pain with the progression of the clinical stage of KOA. Some of the 19
acupoints also showed a connection between the PPT and the imaging classi�cation of KOA. In TCM theory, there are close connections between the disease
conditions and their respective acupoints, and these points become sensitized when the body is in a diseased state.[28] Acupoints are considered to be ‘alive’,
as they became activated or sensitized in pathological conditions.[29] The states of the acupoints change with the disease condition, as do the PPTs of the
acupoints.

Few studies have focused on the relationship between disease severity and acupoint PPTs. Radiographic changes and symptoms, especially pain, are often
used in the assessment of KOA.[42] [47] However, for the individual patient with OA, there is often a relatively weak or almost no association between the
actual tissue damage and the associated pain intensity, which suggests that pain sensitization develops due to neuroplastic changes rather than actual
structural joint damage as the disease progresses.[47] A better index with which to assess the severity of KOA is the clinical stage, comprising a combination
of knee joint imaging and comprehensive judgment of clinical symptoms.[42, 43] KOA is a chronic and progressive disease, and obvious changes in the knee
joint structure cannot be observed in the short term; therefore, imaging alone is not adequate to evaluate the condition of patients with KOA. However, clinical
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symptoms, mainly comprising pain, are subjective and cannot comprehensively estimate the KOA condition. The actual severity of KOA disease is better
re�ected by the clinical stage, which varies due to the remission or aggravation of symptoms combined with imaging results.

Sex and BMI in�uenced the PPTs of the acupoints. Females and patients with a lower BMI were more sensitive to tenderness, and had lower acupoint PPTs.
Compared with males with symptomatic knee OA, females with symptomatic knee OA tend to have lower heat, cold, and pressure thresholds/tolerances, and
greater temporal summation of pain.[48] The thickness of subcutaneous fat might in�uence the acupoint PPTs, making patients with a lower BMI more
sensitive to pain.

It is effective to analyze the ordered category data with repeated measurements in a multilevel model. In the multi-factor multilevel model analysis, the PPTs
decreased more with the progression of the clinical stage of KOA at 12 acupoints in the random effects model and 11 acupoints in the �xed effects model.
The following eight acupoints showed signi�cant PPT changes in accordance with the KOA clinical stage in both effect models: Liangqiu (ST-34), Dubi (ST-
35), Weiyang(BL-39), Yinglingquan (SP-9), Xiguan (LR-7), Zusanli (ST-36), Yanglingquan (GB-34), and Qiuxu (GB-40). Therefore, these eight acupoints may be
most associated with the KOA severity. Stimulation of these acupoints may achieve optimal clinical outcomes in patients with KOA.

This study had two limitations. First, 4 weeks might be not long enough to observe pathological changes. As the treatments of the patients were limited during
the observation period, we set the observation period as 4 weeks in consideration of the patients' conditions and ethical issues. Second, although acupuncture
treatment and some pharmacotherapies were not allowed during the 4-week observation period, other pharmacotherapy or non-pharmacotherapy treatments
(except for acupuncture) and self-adjustment were not recorded. It is unclear whether this impacted the results, which might lead to certain bias. A longer
observation period and more comprehensive research record are needed in further study.

Conclusions
The related acupoints of patients with KOA became more pain-sensitive over time, and the PPTs of the related acupoints were closely related to the severity of
the disease. Among the 19 assessed acupoints, Liangqiu (ST-34), Dubi (ST-35), Weiyang (BL-39), Yinglingquan (SP-9), Xiguan (LR-7), Zusanli (ST-36),
Yanglingquan (GB-34), and Qiuxu (GB-40) were the most closely related to the disease severity, which suggests to stimulate these 8 acupoints to obtain the
optimal therapeutic effects.

Abbreviations
OA = osteoarthritis, KOA = knee osteoarthritis, PPT = pressure pain threshold, TCM = traditional Chinese medicine, BMI = body mass index, no. = number.
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PPTs (gf) of the 19 acupoints at each of the four measurement timepoints


