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 9 

Abstract 10 

Background: Measuring carotid and radial pulses as a diagnostic method 11 

plays a vital role in sphygmology applied via traditional Chinese 12 

medicine (TCM). In particular, many TCM theories and doctors have 13 

indicated that the pulse force ratio is closely correlated with human 14 

physiological conditions, such as weight and body temperature. However, 15 

few studies have explored these potential correlations. Thus, the purpose 16 

of this study was to investigate the relationships between the pulse 17 

strength ratio and human metabolism indicators. 18 

Methods: The carotid and radial relative artery blood flow velocity 19 

(RABFV) and pulse force from 122 normal adults were examined by 20 

mailto:shaojunjie@sanfamily.com.cn
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ultrasound and manual palpation by a doctor, and the same group was 21 

tested via a thermal texture map (TTM). 22 

Results: Obvious differences in the body side and sex were not observed 23 

in the ratio of carotid and radial RABFV among normal individuals 24 

(p>0.05). However, the ratio of young people was greater than that of old 25 

people (p<0.001), and strong support was obtained for traditional 26 

Chinese medicine (TCM) assumptions of seasonal differences in the ratio 27 

(p<0.001). Furthermore, we discovered that the ratio had a negative 28 

correlation with BMI and torso temperature but a positive correlation 29 

with hand temperature. 30 

Conclusion: Our results demonstrated that the ratio of carotid and radial 31 

RABFV could serve as an indicator of human physical conditions, such 32 

as BMI and human temperature, and represents a valuable tool for 33 

evaluating yin-yang properties in TCM clinical practice. The close 34 

correlations reported above verified some theories of TCM and provided 35 

strong support for sphygmology in TCM. 36 

Keywords: Relationship, Ratio, RABFV, BMI, Human Temperature 37 

 38 

Background 39 

Manual palpation of carotid and radial arteries is a traditional 40 

pulse-taking method that is widely used for the diagnosis of meridian 41 

disease according to the context of traditional Chinese medicine (1-3). 42 
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The carotid artery, also called the Renying pulse, belongs to the stomach 43 

yang meridian and is used to evaluate the yang element in healthy 44 

conditions based on TCM theory and reflects the comprehensive function 45 

of the heart and arterial systems in Western medicine. The radial artery, 46 

named the Cunkou pulse, belongs to the lung yin meridian and is critical 47 

for determining the prognosis and modality of yin elements in humans. 48 

According to Huang Di Nei Jing, a classical TCM text, the ratio of 49 

Renying and Cunkou pulse forces reflects the functional and physical 50 

states of human beings (4-6). For instance, if the Cunkou pulse is larger 51 

than the Renying pulse, then the yin element will achieve a dominant 52 

position in the body, resulting in a lower temperature compared to normal 53 

conditions (3, 5, 6). In contrast, a thin individual usually produces more 54 

heat than a heavier individual due to yin deficiency (3, 5, 6). However, 55 

these important TCM physiology theories have not been verified by 56 

modern scientific experiments. Moreover, although many studies have 57 

investigated the characteristics of carotid and radial arteries separately, 58 

few reports have made a direct connection between the two arteries (7-12). 59 

Thus, we investigated potential relationships between pulse ratios and 60 

human physical activities in an attempt to prove and correct some 61 

assumptions of TCM. 62 

 63 

Methods 64 
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Subjects 65 

This study included a total of 122 adults (57 males, age: 40.05±2.68 years, 66 

height: 175.06±2.08 cm, weight: 70.23±8.29 kg; 65 females, age: 67 

40.29±1.73 years, height: 160.38±5.45 cm, weight: 60.56±6.57 kg) who 68 

were 19 to 66 years of age, had no underlying diseases and were not 69 

prescribed any medicines. 70 

The criteria for exclusion were as follows: mental and psychological 71 

disorders arrhythmia, atherosclerosis, arterial thrombosis, systolic blood 72 

pressure>140, diastolic blood pressure<60, wounds or scars in the region 73 

of pulse measurement, BMI<17 or >30, pregnancy, and menstruation. 74 

All participants provided written informed consent. This study was 75 

approved by the Institutional Review Board of Oriental Hospital of 76 

Ruijing Hospital, Shanghai, China (approval no. KY2020-360). 77 

 78 

Experimental equipment 79 

During our study, a Sonoscape S15 (SN3026759) Colour Doppler 80 

Ultrasonic Diagnostic Apparatus (Sonoscape Medical, Ltd. Guangdong, 81 

China) equipped with a 1-5-MHz heart broadband probe and a 5-13-MHz 82 

vascular probe were adopted (Sonoscape Medical, Ltd. Guangdong, 83 

China). The apparatus used for the body temperature study was a 84 

TSI-2000 TTM manufactured by the Bioyear Group company (Beijing, 85 

China). A thermograph camera (Bioyear Group, Ltd, Beijing, China), 86 
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with a measurement range from -20 to 60°C and a resolution of 640 × 480 87 

pixels, was used to obtain thermographic images.  88 

 89 

Manual pulse measurements  90 

Pulse measurements were conducted in a quiet room by only one TCM 91 

doctor. The room temperature was kept constant at 24 and 26°C, and 92 

humidity was maintained between 40 and 60%. All participants rested for 93 

30 minutes on a comfortable bed prior to the pulse measurement. The 94 

radial and carotid arteries were manually measured with the participants 95 

lying in a supine position. The Cunkou pulse was measured at the radial 96 

artery along the radius styloid, while the Renying pulse was also 97 

measured at the carotid artery along the anterior border of the 98 

sternocleidomastoid muscle. All measurements were repeated three times. 99 

The pulse force was tested, compared and recorded via manual palpation 100 

by one TCM doctor. 101 

 102 

Relative arterial blood flow velocity measurement and analysis 103 

Before testing, all participants were allowed to rest for 30 minutes on a 104 

comfortable bed. Both the radial and carotid arteries were measured with 105 

the participant in a supine position. The pulse sites were consistent with 106 

those for the manual pulse measurements. The blood flow velocity 107 

measurement was performed using a duplex ultrasound equipped with 108 
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two-dimensional Doppler probes (1-5 and 5-13 MHz). The direction of 109 

the ultrasound beam was adjusted to produce an angle between 30° and 110 

45°, and the angle was minimized as much as the anatomy allowed. The 111 

mean velocity was recorded continuously for 16 seconds, digitized, and 112 

stored as time-series data for further analysis. The arterial blood flow 113 

velocity waveforms were ensemble-averaged for 10 consecutive pulses. 114 

From the averaged waveform, we determined the following parameters in 115 

terms of flow velocity: peak systolic velocity (PSV) and end diastolic 116 

velocity (EDV). We calculated the following parameter as the relative 117 

arterial blood flow velocity: diastolic-to-systolic flow velocity = |PSV| − 118 

|EDV|. The ratio of relative arterial blood flow velocity was determined 119 

by comparing results from the same side of the body. 120 

 121 

TTM measurement 122 

The room temperature was controlled between 20 and 24°C, and the 123 

participants were asked to remove all clothing after resting for ten 124 

minutes in a conditioned room (humidity, 40-50%). The participants were 125 

asked to place their hands so that they did not touch the body. The TTM 126 

examinations were performed in several positions: anterior, dorsal, left 127 

lateral and right lateral to the body. Images were acquired with the 128 

subjects standing at these positions and the camera fixed approximately 129 

70 cm away from the body. 130 
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 131 

BMI measurement 132 

Self-reported weight and height from participants were deemed 133 

acceptably accurate if within ±2.0 kg or ±2.0 cm of the measured weight 134 

or height. The World Health Organization (WHO) classification of BMI 135 

was adopted for this study (13). 136 

 137 

Statistical analysis 138 

Data were expressed as the as mean ± standard deviation (SD). The data 139 

were analysed by SPSS version 15.0 (SPSS Inc., Chicago, IL, USA). An 140 

independent t-test was used to examine the potential differences in both 141 

intrinsic and extrinsic variables between the two groups. Serial changes 142 

between three groups were analysed based on two-way analysis of 143 

variance (ANOVA). Differences with P−values <0.05 were considered 144 

statistically significant, with significance levels marked as *P<0.05, 145 

**P<0.01, and ***P<0.001. The consistency between the two methods 146 

was determined based on the intraclass correlation coefficient (ICC) and 147 

the respective 95% confidence interval. 148 

 149 

Results 150 

Correlation of RABFV between ultrasound and manual palpation 151 
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First, the ICC test was used to examine whether the relative arterial blood 152 

flow velocity from ultrasound could represent the manual palpation 153 

results from TCM doctors. As seen in Fig. 1a-b, the ICC values between 154 

the machine and manual methods were 0.618 and 0.546 on the left and 155 

right sides, respectively, proving that the ratio of relative blood flow from 156 

ultrasound was positively correlated with manual palpations. 157 

Ratio of RABFV based on body side and gender  158 

As shown in Fig. 2a, significant differences were not observed in the 159 

results for the left and right sides regarding the ratio of blood flow 160 

velocity. A closer examination of the same figure shows that the average 161 

ratio of the carotid pulse was 1.5 times over that of radius, thus providing 162 

us with the overall percentage of pulses in normal individuals. Fig. 2b 163 

shows that the artery velocity rate was similar in terms of gender. 164 

 165 

Ratio of RABFV for different ages and weather conditions 166 

Fig. 2c compares the proportion of artery blood velocity based on the age 167 

distribution. The ratio was clearly higher in the young group (≤40 years) 168 

than the aged group (>41 years), with noticeably larger values shown in 169 

the graph. Fig. 2d illustrates the relationship between the surrounding 170 

climate and the velocity ratio. As displayed in the picture, the ratios in 171 

cool and warm climates differed to a large extent. A closer examination 172 
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of the figure shows that the rate of velocity was 1.76 in warm weather but 173 

dropped to 1.2 in the cold season (Fig. 2d). 174 

 175 

RABFV ratio is inversely related to BMI 176 

Fig. 3a shows that a lower blood velocity ratio corresponded to a higher 177 

BMI. Large differences in the ratio values were observed between the 178 

groups based on various weight/height indices. Specifically, the ratio of 179 

blood velocity in the light weight group was approximately 1.75 while 180 

that of the overweight group was less than 1. 181 

 182 

RABFV ratio was positively correlated with human temperature 183 

After determining the relationship between the blood velocity ratio and 184 

BMI, we sought to investigate the potential correlation between the ratio 185 

and body temperature. Fig. 3b illustrates that the torso temperature level 186 

dropped as the artery velocity ratio decreased. Fig. 4 further shows that 187 

the torso temperature differed considerably between the overweight and 188 

low-weight individuals under different blood velocity ratios. Interestingly, 189 

we found that hand temperature was negatively correlated with the ratio. 190 

As shown in Fig. 3c, a higher blood velocity ratio corresponded to lower 191 

hand temperatures in our testing group. Fig. 4 demonstrates that hand 192 

temperature was higher in people with a lower blood velocity ratio than in 193 

people with a higher ratio. 194 
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 195 

Discussion 196 

In terms of pulse testing, many studies have focused on radial and carotid 197 

arteries. For instance, King examined 148 healthy humans to identify the 198 

characteristic radial pulse profiles based on gender differences (7). Yim 199 

investigated the physiological differences in radial pulse according to 200 

gender and measurement position in an objective manner (8). Although 201 

Luo performed research on both Renying and Cunkou pulses, the 202 

investigated hypertension group did not include normal individuals (11). 203 

Although many methods have been reported for the standardization of 204 

TCM pulse diagnosis, conflicts still exist (10, 12, 14-16). For instance, 205 

pulse wave velocity (PWV), a marker of arterial stiffness, is only able to 206 

measure the speed of travel of the pressure pulse between 2 given points 207 

within a limited time span (16, 17). In addition, Hodis doubted whether 208 

PWV is reliable when the arterial wall is thick (18). The augmentation 209 

index (AI), another measurement of pulse amplification, is not suitable 210 

for comparing pulses because the method of calculation between the two 211 

arteries lacks coherence (19). Moreover, manually checking pulse is a 212 

subjectivity activity; thus, certifying the relationship between manual 213 

operations and machine measurements is vital. Our experiment proved 214 

that the relative arterial blood flow velocity, which combines PSV and 215 

EDV, was suitable for representing the pulsating force and fluidity of 216 
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pulsations checked by hand. Both PSV and EDV are vital haemodynamic 217 

parameters: PSV is a marker of blood vessel filling and blood supply 218 

strength, while EDV displays the blood perfusion situation (20). The 219 

blood velocity of the carotid artery is larger than that of the radius due to 220 

different artery diameters and blood supply forces in normal individuals 221 

(21-25). However, manually pulse measurements in practice do not 222 

always follow the rules. Our results showed that the relative arterial blood 223 

flow velocity of the radius could be 2 or 3 times larger than that of the 224 

carotid artery. Thus, the exceptional cases inspired us to identify the 225 

possible mechanism. 226 

Renying and Cunkou pulses are mentioned 47 times in Huang Di Nei 227 

Jing, indicating their importance in TCM theory (4, 5). The book 228 

indicated that the pulse ratio was closely correlated with the yin-yang 229 

balance (2, 5, 6). Specifically, when the Renying pulse is larger than the 230 

Cunkou pulse, yang is larger than yin in humans, thus leading to greater 231 

heat in individuals and vice versa. Based on TCM yin-yang theory, young 232 

people are considered to have more yang than old people while yang is 233 

thought to be more common in summer than in winter (2, 4, 6). In 234 

addition, Western medicine has shown that changes in blood pressure and 235 

the cardiovascular system based on age differences also led to the 236 

response of radial and carotid arteries (10). Although we failed to find 237 
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any gender-based differences in the ratio, some TCM physicians believe 238 

that the ratio differs based on sex (2, 3, 7, 8). 239 

Regarding Huang Di Nei Jing, the ideal ratio of Renying and Cunkou in 240 

normal individuals is 1, which indicates equilibrium between yin and 241 

yang (4-6). However, we marked a question in the figure because the 242 

pulse force and width of the carotid artery appeared to be larger than 243 

those of the radial artery. Our experiment identified that the overall ratio 244 

in normal people was 1.5, which is consistent with human physiology 245 

findings. 246 

TCM theories indicate that physiologically overweight individuals have 247 

weak heat and present yang deficiency and that thinner people have more 248 

heat and present yin weakness (4, 6). Ancient TCM books have explained 249 

this phenomenon as the insufficiency or hyperactivity of yin and yang, 250 

which leads to an imbalance in Qi or blood (2, 6, 26, 27). We believe that 251 

Qi and blood reflect the energy moving through the body, which can be 252 

demonstrated and evaluated by modern metabolic indices, such as human 253 

temperature and BMI. Here, our TTM results showed a significant 254 

difference in body temperature between the overweight and low-weight 255 

groups. Our TTM pictures clearly showed that adipose tissue with low 256 

temperature surrounded the torso of overweight individuals, and they 257 

showed that the low-weight individuals had less subcutaneous fat, 258 

resulting in a higher temperature on the surface. The ultrasound results 259 
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demonstrated that overweight people had lower ratios of carotid and 260 

radial RABFV than low-weight people. The ratio of the artery blood 261 

velocities represented the activity of yang and yin; thus, a logical 262 

relationship was observed between the artery blood velocity ratio and 263 

human temperature. Interestingly, we also found that hand temperature 264 

was negatively correlated with the ratio. However, we failed to explain 265 

this finding due to limitations in knowledge. Further studies with a larger 266 

number of participants are needed in the future. 267 

 268 

Conclusions 269 

In conclusion, measuring radial and carotid relative blood arterial flow 270 

velocities and calculating their ratio provide information about human 271 

BMI and body temperature in clinical practice. In this study, the actual 272 

pulse rates and yin-yang properties conform with human temperature in 273 

the normal population and are compatible with TCM theoretical concepts, 274 

thus indicating that further demographic investigations should be 275 

performed to establish and explain TCM assumptions. 276 

 277 

Abbreviations 278 

TCM: traditional Chinese medicine (TCM); RABFV: relative arterial blood flow velocity; BMI: 279 

body mass index; TTM: thermal texture map; PSV: peak systolic velocity; EDV: end diastolic 280 



 14 

velocity; WHO: World Health Organization; SD: standard deviation; ICC: intraclass correlation 281 

coefficient; MSE: mean square error; PWV: pulse wave velocity; AI: augmentation index. 282 
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Figures

Figure 1

Relationship of pulse measurement between ultrasound and hand feeling on left (a) and right (b) sides.
Carotid and radial relative arterial blood �ow velocity were tested by an ultrasound while the pulse force
from hand feeling was examined ,quanti�ed and recorded by a doctor. The ratio of velocity was
calculated and compared with the hand feeling results. The test of intraclass correlation coe�cient (ICC)
was used to assess the consistency between ultrasound and hand feeling. For left side (a) 95% CI= 0.387
- 0.629, p<0.001). For right side (b), 95% CI=0.410 - 0.645, p<0.001).



Figure 2

Relationship between the ratio of carotid and radial relative arterial blood �ow velocity and in�uence
factors. Carotid and radial arterial blood �ow velocity from normal individuals were examined via an
ultrasound. Correlation of ratio concerning both intrinsic and extrinsic parameters, such as side(a),
gender(b), age(c) and surrounding climate(d) was shown in the graph. Data were expressed as means ±
standard deviation (SD). The ratios were analyzed by independent t test. NS=not signi�cant p>0.05,
*p<0.05, **p<0.01, ***p<0.001.

Figure 3



Relationships between ratio of carotid and radial relative arterial blood �ow velocity, BMI and body
temperature. BMI and ratio of blood velocity in were collected by self-reported documents and an
ultrasound while the same group were scanned by TTM. Relation of ratios of blood velocity and BMI (a)
was shown in the graph. Correlation between the temperature of torso (b) and hands (c) regarding to ratio
of carotid and radial relative arterial blood velocity was demonstrated in the graph Data were analyzed
using a two way ANOVA followed by Tukey’s post hoc test. Values were expressed as means ± standard
deviation(SD). NS=not signi�cant p>0.05, *p<0.05, **p<0.01, ***p<0.001.



Figure 4

Images of TTM results on the relationship between ratio of carotid and radial relative arterial blood �ow
velocity, BMI and body temperature, Two young ladies with different ratio of carotid and radial relative
arterial blood �ow velocity and BMI were scanned by TTM in Summer (a). Two old men regarding to
different ratio of carotid and radial relative arterial blood �ow velocity and BMI were scanned by TTM in
Winter (b). The TTM examinations were performed in several positions and images were recorded.


