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ABSTRACT 

The wearable body surface microfluidic system has great application potential in the field of sports. The use of the 

wearable body surface microfluidic system to monitor the physiological state of athletes can solve problems faced such 

as long inspection cycle in sports monitoring, difficulties in continuous monitoring, dependence on laboratory platforms, 

athlete resistance and other problems faced in technological integration to promote the development of the sports field. 

In recent years, the development of key technologies such as microfluidic chips and microneedle delivery provides an 

ideal solution for real-time monitoring and even immediate intervention of physiological states during exercise. This 

paper summarizes the latest research progress of wearable body surface microfluidic systems and focuses on eight 

wearable body surface microfluidic systems that may be applied in the field of sports, with their application prospects in 

sports analyzed and discussed. Finally, the application direction of the wearable body surface microfluidic system that 

may achieve breakthroughs is illustrated with the prospect demonstration of the future research and development direc-

tion of wearable sports equipment. This paper aims to focus on technical problems in the development of the sports field, 

provide multi-disciplinary solutions and advocate technology integration as well as provide scientific and technological 

assistance for the development of the sports field. 
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1. Introduction

The use of wearable equipment for sports per-

formance and physiological state monitoring plays a 

very good role in promoting the scientific training of 

athletes and the improvement of competition per-

formance. Wearable equipment refers to a monitor-

ing device that can be directly worn or attached to 

the body. Traditionally, wearable equipment is gen-

erally used for monitoring physical indicators such 

as heart rate and the number of steps. Smart bracelets 

and electronic timing vests are typical wearable 

equipment. With the gradual development of wear-

able devices, the monitoring of some physiological 

and biochemical indicators has also gradually de-

veloped into wearable devices. Today, a new gener-

ation of wearable devices is used to non-invasively 

monitor inorganic salts, metabolites, pH and other 

indicators in human sweat, and to analyze important 
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information such as athletes’ exercise energy con-

sumption, exercise fatigue and sports nutrition sup-

plement needs. The use of wearable equipment to 

monitor the kinematics[1], physiological[2] and bio-

chemical[3] indicators of athletes has become the 

most commonly used method to evaluate their sports 

performance and motor function. However, existing 

devices are worn in limited positions[4] and as such, 

often limits the physical activity of the athlete due to 

volume[2], shape[5], weight[6], and wired data trans-

mission[1,2]. Furthermore, even some tests can on-

ly be performed in laboratories[7]. As a result, 

this brings a lot of inconvenience to the assessment 

of sports performance testing, sports injuries and 

sports rehabilitation progress of athletes. 

Wearable equipment developed in recent years 

combined with microfluidic chip technology[7,11] can 

achieve rapid, minimally invasive or non-invasive 

monitoring of body indicators. For example, the 

sweat analysis microfluidic system can 

non-invasively detect glucose in sweat[12], lac-

tate[7,11,12], sodium ion[11,13], potassium ion[11], chlo-

ride[7,12,14], creatinine[10], urea concentration [10], 

sweat pH value[7,12], total sweat volume and sweat 

rate[7,12,13] while other indicators are monitored, with 

physiological and biochemical analyses carried out 

without collecting blood samples, thereby providing 

convenience to sports practitioners to obtain 

high-quality data, while facilitating their timely ad-

justment of athletes’ exercise programs, and promote 

the implementation of scientific training. In addition, 

the development of microneedle delivery in recent 

years[15,18] has enabled us to attain real-time inter-

vention of physiological states during exercise in the 

near future[16], that is, through microfluidics, mi-

cro-sensors, or solid-state micro-monitoring of the 

concentration of various substances in athletes’ 

sweat or inter-tissue fluid, and through a closed-loop 

feedback mechanism, the use of soluble micronee-

dles or hollow microneedles percutaneous injection 

of the required nutrients or therapeutic drugs. The 

development of this new sports medicine system will 

trigger a new round of technological revolution in 

the field of sports, and promote the development of 

sports with the help of technological integration. 

The development of wearable body surface 

microfluidic systems can solve multiple challenges 

in traditional motion monitoring: (1) Long inspec-

tion cycle: Most of the traditional motion monitoring 

adopts the method of sampling and sending it to the 

laboratory for analysis during which the results in 

the long time intervals can easily cause data inac-

curacy, such as evaporation of water from sweat 

during the sending process, causing the concentra-

tion of electrolytes in it to rise. On the contrary, 

wearable body surface microfluidic systems can 

complete the monitoring on the body surface[7,10,14] 

and can transmit the data through wireless means[7,13] 

to achieve real-time monitoring of data. (2) Con-

tinuous monitoring is difficult: Various physiologi-

cal and biochemical indicators of the human body 

are often changing rapidly during exercise. However, 

traditional blood sample analysis is obtained in 

point-like discrete data with usually very long in-

tervals between data points, so it is difficult to reflect 

the real state changes of athletes in real-time. The 

wearable surface microfluidic system can achieve 

continuous monitoring, such as the use of micro-

fluidic chips[12] to monitor the concentration of lac-

tate and glucose in sweat in real-time. (3) Depend-

ence on laboratory platform: traditional analytical 

methods are concentrated in the laboratory[7], which 

usually requires expensive equipment and profes-

sional personnel to operate. With the use of body 

surface microfluidic system, not only that data ac-

quisition can be performed in situ, but also the test 

results can be directly displayed on the mobile 

phone[7,12], thereby avoiding the dependence on the 

laboratory and do not require the user to master 

professional skills. (4) Athlete resistance: Tradition-

al test methods often have problems such as dis-

comfort, trauma, and restriction of physical activity, 

such as the lactate threshold test[19] which re-

quires blood retrieval through fingertips. The use of 

wearable surface microfluidic devices[7,11,12] can 

analyze sweat in a non-invasive, comfortable, and 

unrestricted physical activity method, and achieve 

the required physiological state monitoring and 

analysis through the correspondence of its results to 

the concentration of lactate in the blood[12]. 
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Based on the above advantages, there are many 

research works[6,11] demonstrating the great potential 

of wearable surface microfluidic systems (Figure 1). 

However, most microsystems were seen to be still in 

the small-scale testing stage with still many urgent 

problems remaining to be solved for commercial 

promotion. For example, some microfluidic systems 

are expensive to manufacture[7] and unable to be 

used repeatedly[7,10,20]. At the same time, there is also 

the need to collect a large amount of first-hand data, 

standardize evaluation standards and establish cloud 

databases. This paper summarizes the latest research 

progress in the field of body surface microfluidic 

systems in recent years, focuses on eight wearable 

surface microsystems that have been applied or 

may be applied in the sports field in the future, and 

are classified according to their main technical cat-

egories, covering the cutting-edge research results of 

microfluidic systems[10,11,20], hybrid microsystems[12] 

and microneedle delivery[15,18]. Finally, the direction 

of the most likely breakthrough progress of the mi-

crofluidic system in the sports field is illustrated 

along with the analysis of the application prospect 

and possibility of the microfluidic system in the 

sports monitoring and the prospect of the research 

direction of wearable sports equipment. 

Figure 1. Recent featured research on wearable skin-interfaced microfluidic systems[6,11]. 

2. Wearable microfluidic system

The application of wearable body surface mi-

crofluidic systems in sports mainly focuses on sweat 

analysis[21]. Sweat is a body fluid secreted by the skin 

that is rich in electrolytes[22], small molecules[23], and 

proteins[7]. It does not only come from a wide range 

of sources and is convenient for collection and 

analysis, but sweat may also reflect the levels of 

various components in body fluids. Quantitative 

analysis of sweat on the body surface has a wide 

range of applications in the monitoring of physio-

logical status (such as hydration status[7]) and the 

diagnosis of diseases (such as bladder fibro-

sis[7,14,24,25]). Sweat analysis based on microfluidics 

mainly uses the pressure generated by sweat 

glands[11] to push sweat into a series of pre-designed 

micro-channels and micro-chambers on the micro-

fluidic chip and then through some color reac-

tions[7,10,12,14,26] followed by image analysis [7,26] to 

measure the concentration of each substance in 

sweat. 
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In the field of sports, sweat analysis can be ap-

plied to monitor the physiological state of athletes[21]. 

During the training process, the measurement of 

lactate concentration in sweat can provide a basis for 

evaluating the training intensity of athletes[27] to 

formulate a more scientific training plan. In addition, 

the measurement of glucose concentration in sweat 

is helpful for us to accurately judge the energy 

consumption of athletes[28], which is also of great 

significance for guiding nutritional supplementation 

after training. The measurement and analysis of total 

sweat volume can be used to assess the physiological 

status of athletes, such as hydration status[7] and 

thermal regulation status[7], which is expected to 

provide data support for the formulation of individ-

ualized precise hydration strategies in sports. 

Therefore, through sweat analysis, sports training 

can be optimized, and ultimately the sports perfor-

mance of the athlete can be improved. 

To collect and analyze sweat during exercise, 

Choi et al.[11] developed a microfluidic system that 

can collect sweat on the body surface in time se-

quences (Figure 2A. a). Sweat first enters the mi-

crochannel from the sweat inlet in the center of the 

chip, follows through a serpentine channel con-

necting to 12 sweat reservoirs and is further injected 

into 12 sweat reservoirs in chronological order under 

the control of a series of valve structures (Figure 

2A. b). The circular design of the chip is to be able to 

extract the sweat collected in the sweat reservoir by 

centrifugation (Figure 2A. c). Choi et al.[11] used this 

system to complete the time-sequence-based sweat 

collection and the concentration determination of 

lactic acid, sodium ions and potassium ions in sweat. 

Its test results can be used to assess exercise intensity 

and electrolyte balance in athletes. In addition, 

Reeder et al.[20] developed a microfluidic system for 

water movement monitoring (Figure 2B. a), which 

can collect human sweat in a water immersion en-

vironment for biochemical analysis and can also 

measure body surface temperature. 

The wireframe illustration in Figure 2B. a 

shows the sweat inlet and outlet design: The sweat 

outlet is extremely small that can prevent water from 

entering during use to ensure accuracy of the test 

results; the dye or reactant is stored adjacent to the 

sweat inlet in the chamber comprising of red 

and blue dyes with different dissolution rates. Due to 

the dissolution of the blue dye, a clearly visible color 

gradient can be formed in the micro-channels, which 

cleverly visualizes the total sweat volume (Figure 

2B. b). Total sweat loss can be quantified by ob-

serving the number of cells filled with sweat (1.5 μL 

volume per paperclip). Similarly, if the dye is re-

placed with a suspension of silver chloranilate, a 

corresponding color reaction will occur in the mi-

crochannel, and the sweat color of each unit is 

compared with the standard colorimetric card in the 

central sector of the chip, where then the concentra-

tion of chloride in sweat in the cell can be obtained 

(Figure 2B. c). This microfluidic system expands 

the scope of application of traditional wearable 

equipment and opens up a precedent for monitoring 

and analyzing the physiological state of sports in 

water or water sports. 

The wearable body surface microfluidic system 

can not only be used for the determination of chlo-

ride concentration in sweat but also can integrate 

multiple chromogenic reactions on one chip to real-

ize the simultaneous determination of multiple in-

dicators. 

Zhang et al.[10] developed a body surface mi-

crofluidic system that integrates water-repellent 

sweat collection and color reaction (Figure 2C. a). 

The system contains a serpentine channel for total 

sweat volume and perspiration control. Quantitative 

analysis was carried out through the micro-channel 

and the aforementioned micro-valve[11], where the 

sweat was also introduced into 3 consecutive 

chambers (3 chambers each for pH, creatinine and 

urea concentration measurement, 9 chambers in total) 

in chronological order. Thanks to the excellent wa-

terproof function of the device, it can be used not 

only for sports athletes but also for infants, the el-

derly or sick people who cannot exercise vigorously. 
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Figure 2. Wearable skin-interfaced microfluidic systems: (A) a. skin-mounted microfluidic systems for chrono-sampling of sweat; 

(A) b. pressure naturally induced by the sweat glands drives sweat through a microchannel to chrono-filling 12 micro-reservoirs under 

micro-valves’ control; (A) c. the circular construction is beneficial to use centrifugation for extraction of sampled sweat[11]; (B) a. 

waterproof skin-interfaced microfluidic system for sweat analysis in aquatic settings (inset: microfluidic inlet and outlet ports); (B) b. a 

dye composed of blue and red water-soluble particles that dissolve at different rates results in a volume-dependent color gradient to 

visualize total sweat loss as the device fills with sweat; (B) c. a swimmer wearing a skin-interfaced microfluidic system that quantifies 

local sweat chloride concentration (inset: optical image of the waterproof microfluidic system)[20]; (C) a. skin-interfaced microfluidic 

system for colorimetric analysis of biomarkers in sweat; (C) b. a paper-based enzymatic or chemical assay for colorimetric analysis of 

creatinine and urea concentrations and pH[10]. 

The researchers attached the system to the 

subject’s body surface and allow the system to un-

dergo a hot water bath of 5–15 minutes (temperature: 

38–42 °C). Thereafter, the results were then obtained 

through mobile phone image analysis: This system 

adopts the import and export mode from Reeder et 

al.[11] study, while the use of blue dye dissolved in 

sweat to visualize the total sweat volume and the 

method of the enzyme reaction and chemical reac-

tion color development was based on the test paper 

used in the study by Koh et al.[7]. Through image 

analysis, creatinine, urea concentration, and pH in 

the subjects’ sweat were quantified against standard 

color charts on the microfluidic chip (Figure 5C. b). 

Significance of this study: Firstly, it expands the 

applicability of the microfluidic system for surface 

sweat analysis; secondly, the sweat analysis results 

of this system can be used to evaluate the user’s renal 

function (when kidney function is abnormal, espe-

cially when glomerular filtration function is abnor-

mal, the concentration of creatinine and urea 

in blood and sweat will increase, and pH value will 

Application prospects for wearable body surface microfluidic system in sports 
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also be affected). 

3. Wearable hybrid micro-system 

In recent years, some scholars have proposed 

the concept of a hybrid system, which refers to the 

combination of two quantitative analysis systems; 

microfluidics and micro-sensors and exert their re-

spective advantages. Bandodkar et al.[12] developed a 

hybrid microsystem that can simultaneously perform 

electrochemical, chromogenic, and volumetric 

quantitative analysis of sweat. The system consists 

of a disposable microfluidic subsystem (Figure 3A. 

a) and a near field communication (NFC) subsystem 

(Figure 3A. b). In the microfluidic subsystem, one 

ring-shaped channel with soluble blue dye produces 

the visualization and quantification of total sweat 

volume and sweat rate, while two channels con-

nected with six color reaction chambers combined 

with micro-valves were used to introduce sweat into 

the reaction chamber in chronological order (a 

standard colorimetric card is attached to the side of 

the chamber) to produce the quantitative analysis of 

the color reaction of pH value and chloride concen-

tration. Additionally, two slightly larger sweat inlets 

were used to embed micro-sensors to achieve re-

al-time monitoring of glucose and lactic acid con-

centrations. The NFC subsystem is tightly coupled 

with the microfluidic subsystem through a magnetic 

force, which not only provides enough magnetism to 

keep it from falling off during vigorous exercise but 

also makes it easy to remove for next use, saving 

testing costs. Figure 3A.c shows the process of 

sweat analysis by the system. The results of the color 

reaction can be obtained through mobile phone im-

age analysis, and the power supply and data trans-

mission of the electrochemical analysis was com-

pleted through the NFC subsystem connected to 

external devices (Figure 3A. d). The experimenters 

also conducted the analysis on the trend variation of 

glucose and lactate concentrations in sweat ob-

tained by micro-sensor analysis (represented by 

the black dashed line in the figure), and the variation 

trend of glucose and lactate concentrations in 

the blood obtained by the blood test (represented by 

the red dashed line in the figure). For comparison 

(Figure 3B), it was found that the data were close in 

most cases with the results consistent with previous 

studies[16,25,28,29], demonstrating the feasibility of 

sweat analysis to obtain semi-quantitative data and 

its application prospect in non-invasive exercise 

monitoring and analysis. 

 
Figure 3. Hybrid microsystem integrating microfluidics and micro-sensors: human trials that compare concentrations of glucose and 

lactate in sweat and blood; (A) a. microfluidic subsystem with embedded sensors’ anodes and cathodes; (A) b. NFC subsystem; (A) c. 

hybrid microsystem for electrochemical, colorimetric and volumetric analysis during sweating; (A) d. wireless power supply and data 

transmission via external devices; (B) correlation of data acquired from glucose and lactate sweat sensors (black line) with that acquired 

from blood glucose and lactate meters (red line), respectively[12]. 
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In summary, the wearable body surface micro-

fluidic system provides a platform for accurate 

quantification and real-time monitoring of sweat 

analysis, and at the same time, it can achieve targeted 

physiological and biochemical analysis through 

technology accumulation and the combination of 

micro-sensors and other technologies. This system 

not only can be used for the formulation of tradi-

tional energy supply schemes for athletes in sports 

and to promote the innovation of sports technology 

analysis methods but also to provide scientific and 

technological assistance for real-time physiological 

state monitoring of diseased populations in formu-

lating and implementing sports rehabilitation plans. 

Taken together, these applications demonstrate that 

microfluidic technology has broad development 

space and huge market potential in the field of 

sports. 

4. Wearable microneedle system

Traditional drug delivery methods are mainly 

subcutaneous[30] and intravenous injections[31]. 

Meanwhile, blood tests have become common 

means of physical condition detection[32], disease 

diagnosis[33], and even athlete motor function mon-

itoring[19]. 

At present, invasive detection methods such 

as blood drawing not only require professional per-

sonnel to operate[30], but the athletes also experience 

pain, discomfort or fear of needles[30,31,34]. Therefore, 

achieving efficient drug delivery or painless body 

fluid collection has become a hot research topic. The 

development of wearable microneedle chips pro-

vides new solutions for sports replenishment, motion 

monitoring in diseased populations and sports injury 

treatment. Accurate, efficient, and safe physiological 

condition monitoring and drug delivery can be 

achieved through wearable microfluidic chips com-

bined with microneedle arrays or micro-sensors[30,36]. 

Figure 4A shows the principle of microneedle 

delivery: the length of the microneedle is generally 

less than 1 mm, and its needle accurately penetrates 

the epidermis without touching the blood vessels and 

nerves at the base of the dermis so that exogenous 

substances can be introduced into the dermis lay-

er by passive diffusion and other methods without 

pain[31]. Figure 4A also shows four typical mi-

croneedles[30]: (1) Solid microneedles, which can be 

used to penetrate the stratum corneum of the skin 

and form microporous channels to increase the 

permeability of the skin for subsequent transdermal 

drug delivery. (2) Coated microneedles, when at-

tached to the body surface, the drug coating on the 

surface of the microneedles can quickly dissolve into 

the interstitial fluid. (3) Dissolvable microneedles, 

the needles are usually encapsulated with drugs and 

can be completely dissolved in the interstitial fluid of 

the skin, which can be used for sustained drug re-

lease[17]. (4) Hollow microneedles, the tube in the 

center of the microneedle can be used to continu-

ously inject exogenous substances into the dermis 

layer. This kind of microneedle usually controls the 

injection dose per unit time through pressure and can 

freely achieve fast or slow drug delivery. The above 

microneedle systems have been widely used in bi-

omedicine and other fields, such as drug delivery[30], 

interstitial fluid extraction[31,37], disease diagnosis 

and treatment[16], medical cosmetology[39] and so on. 

The following summarizes the micro-needling 

technology that is expected to be applied in the field 

of sports. 

Gowers et al.[15] developed a microneedle ar-

ray-based sensor for antibiotic concentration moni-

toring (Figure 4B). Figure 4C shows the 

cross-sectional view of each coating on the surface 

of the microneedle array, the real image of the chip, 

and the local electron scanning microscope image of 

the microneedle array. 

Its working principle is as follows: the hydrol-

ysis of the antibiotic β-lactam by the β-lactam en-

zyme plated on the surface of the electrode will 

produce a change in the pH value of the interstitial 

fluid. The researchers thus established the correla-

tion between the antibiotic concentration and the pH 

value, and the pH value is linearly related to the 

electrical potential in the sensor circuit[15]. 

Application prospects for wearable body surface microfluidic system in sports 
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Figure 4. Working principle and application of microneedles: (A) common working principle of microneedles for drug delivery and 

four types of microneedles[30,31]; (B) Microneedle-based sensor for continuous monitoring antibiotic concentrations; (C) schematic 

cross-section of working electrode showing each layer, optical image of the microneedles patch, and the scanned electronic microscopy 

(SEM) image of the microneedle array[15]; (D) schematic diagram of the graphene-based electrochemical system with ther-

mo-responsive microneedles; (E) the skin-interfaced system with thermo-responsive microneedles under mechanical deformations，
electrochemical sensor array on the human skin with perspiration and therapeutic microneedle array laminated on the skin near the 

abdomen of the diabetic mouse; (F) the image of the chip with thermo-responsive microneedles (inset: bioresorbable microneedle array) 

[16]. 
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To put it in another way, the researchers estab-

lished the correlation between the concentration of 

interstitial fluid substances and electrical signals 

through the combination of microneedle arrays and 

electrochemical sensors to monitor the changes in 

the concentration of interstitial fluid substances in 

real-time through electrical signals and in doing so 

enable timely delivery of drugs to reduce their side 

effects[40]. 

In 2016, Lee et al.[16] unified sweat analysis, 

micro-sensors, and dissolvable microneedles into a 

graphene-based electrochemical microsystem (Fig-

ure 4D), enabling sweat-based diabetes monitoring 

and feedback-based accurate drug delivery. Figure 

4E shows its ability to resist deformation during 

exercise and the sweat analysis module: the mi-

cro-sensor is connected to a portable electrochemical 

analyzer that powers the micro-sensor, transmits 

data to a smartphone via Bluetooth. It was verified 

that the system can efficiently deliver the hypogly-

cemic drug metformin into mice and rapidly reduce 

the blood glucose level of mice. Figure 4F is the 

physical image of the chip. The microneedles dis-

solve when the temperature exceeds 41–42 °C. In 

vitro experiments have shown that the microneedles 

can release the drug only when the temperature ex-

ceeds the thermal response temperature, with precise 

and controllable drug release being well achieved. 

Dissolvable microneedles can be used for pre-

cise drug delivery based on thermal response and for 

the slow release of drugs to achieve long-term 

therapeutic effects. Li et al.[17] developed a sus-

tained-release effervescent microneedle chip, using 

the effervescent substrate encapsulated citric acid 

and sodium bicarbonate (Figure 5A). When the 

microneedle is pierced into the skin, the polyvi-

nylpyrrolidone (PVP) in the effervescent rapidly 

dissolves in the interstitial fluid, while sodium bi-

carbonate, citric acid and interstitial fluid react to 

produce carbon dioxide, resulting in effervescent 

substrate rupture, achieving rapid separation of mi-

croneedle needles and chip substrates (separation 

efficiency up to 96% ±4%). As shown in Figure 5B, 

the microneedles encapsulated with purple-red flu-

orescent dyes were pierced into the porcine skin, and 

the microneedles were left in the porcine skin for 

sustained drug release. The study also tested the 

sustained-release process of effervescent micronee-

dle chips loaded with contraceptives (LNG). The 

results showed that the effervescent microneedle 

chip that was attached to the mouse body surface for 

only 1 minute was able to leave the microneedle 

needle in the mouse skin and slowly release the drug 

for up to 2 months so that the concentration of LNG 

in its interstitial fluid was higher than the concen-

tration of human treatment level for more than 1 

month. Additionally, there was no erythema, edema 

or other skin irritation observed and histological 

analysis also confirmed its good biocompatibility.  

Compared with keeping the drug in the body for 

slow release, Di et al.[18] developed a stretch-induced 

drug delivery microneedle chip that can be attached 

to the joint and store a drug in a microgel chamber on 

the chip, which releases and delivers the drug into 

the skin when needed. Figure 5C shows the princi-

ple of drug storage and release: the microgel drug 

compartment is used to load the polymer nano-drug 

particles and bind them to the stretchable elastic 

membrane. When the elastic membrane is de-

formed by the joint movement, the microgel drug 

cartridge releases the nano-drug particles into the 

microgel matrix, which is then injected into the skin 

on the joint surface by the microneedle array on the 

chip (Figure 5D). The microneedle system is ex-

pected to be applied to long-distance events, such as 

marathons, where anti-inflammatory drugs[18] can be 

delivered into interstitial fluid on the surface of the 

joint body by using traction caused by joint move-

ment during exercise, alleviating joint inflammation 

in athletes in long-distance sports. 

In summary, the wearable microneedle system 

can achieve painless, minimally invasive and precise 

transdermal drug delivery. It can also be combined 

with microfluidics and micro-sensor technology to 

achieve individualized closed-loop feedback therapy, 

which enables it to have broad prospects in the field 

of sports and health. The system can monitor the 

sports performance of athletes, treat sports injuries 

Application prospects for wearable body surface microfluidic system in sports 
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and provide nutritional supplements in sports and 

also facilitate the exercise intervention made by 

sports coaches and researchers in the field on disease 

populations (such as hypertension, diabetes, arteri-

osclerosis patients). It has greatly promoted the in-

tegration of scientific training and physical medicine, 

thus providing technical support for Healthy China 

2030. 

 
Figure 5. Two long-acting microneedle patches and their working principle: (A) schematic drawings of the process of microneedle 

patch application to the skin to rapidly deliver microneedle tips into the skin by the fast dissolution of the effervescent backing; (B) 

images of an effervescent microneedle patch with microneedle tips containing red fluorescent dye (Nile red) and photos took after 

microneedle tips separated from the effervescent patches; representative bright-field microscopy images of porcine skin after mi-

croneedle patch insertion and microneedle tip detachment in porcine skin and a corresponding image of a histological section of porcine 

skin (bright-field)[17]; (C) stretch-triggered drug delivery microneedle patch and its working principle of drug storage and release; (D) 

stretching of the patch induced by joint movements promotes the drug release and diffuse into the microneedle for transcutaneous drug 

delivery[18]. 

5. Conclusions 

The wearable body surface microfluidic system 

combines the principles of physiological and bio-

chemical analysis, with its in situ, real-time, 

non-invasive and other characteristics to continu-

ously collect and analyze various indicators of the 

human body and monitor the health status of sports 

athletes. Coupled with the promotion of 5G and the 

widespread establishment of big data processing 

capabilities, a new generation of microfluidic sys-

tems supported by cloud databases is expected to 

achieve accurate quantitative analysis based on big 

data. 

With the increasing demands of athletes’ kine-

siology monitoring, scientific training, and exercise 

intervention for diseased populations, the applica-

tion of wearable body surface microfluidic systems 

in sports in the future is expected to achieve break-

throughs in the following aspects. (1) Sweat analysis: 

The wearable microfluidic chip can accurately 

measure the concentration of glucose, lactate, so-

dium ions and potassium ions in sweat, which can be 

used to judge the training intensity, exercise energy 

consumption, hydration state and thermal regulation 

state of athletes. The microfluidic chip on the body 

surface interacts with the mobile phone to display 

information such as the intensity of the exercise in 

real-time and give scientific nutritional supplement 
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suggestions after the exercise. 

In addition, with the help of the corresponding 

relationship between the concentration of substances 

in sweat and the concentration of substances in 

the blood, we can also establish the connection be-

tween sweat analysis results and clinical blood 

analysis data. Sweat analysis microfluidic chip 

gradually replaces blood sample detection and 

achieve true non-invasive exercise monitoring and 

analysis. (2) Exercise intervention for the diseased 

population: the wearable microfluidic system can 

also achieve real-time monitoring of the physiolog-

ical indicators of the diseased population while be-

ing able to be combined with the microneedle chip to 

enable drug delivery. It is expected that microfluidic 

chips can be developed further for people with hy-

pertension, diabetes, hypoglycemia and other popu-

lations in the future so that they can exercise more 

scientifically and safely. At the same time, the sys-

tem may also be used to predict exercise-induced 

coma and falls, thereby helping to promote a healthy 

China. (3) Minimally invasive and precise drug de-

livery: the combination of micro-sensors and dis-

solvable microneedles can monitor the concentration 

of substances in sweat and interstitial fluid, thereby 

enabling precise, painless, and portable drug deliv-

ery in an individualized manner. By developing such 

microneedle chips, we can deliver a wide variety of 

drugs, not just diabetes and anti-inflammatory drugs. 

The new microneedle chip developed in the future is 

expected to solve the problems of needle fear, re-

peated injection, and adverse reactions caused by the 

traditional drug delivery injection process. In addi-

tion, such microfluidic and microneedle products are 

small in size, which is convenient for storage, 

transportation, and distribution, and reduces circu-

lation costs. Athletes or users only need to put them 

in their pockets or backpacks before exercising, and 

they can be attached to the body surface when they 

need to be used, which provides great convenience 

to users and facilitates promotion and use. 

At the same time, there are still some con-

straints and difficulties in the application of micro-

fluidic technology in sports, such as: (1) To complete 

a series of complex fluid manipulation and bio-

chemical reactions on a microfluidic chip, profes-

sional designers and chip processing equipment are 

required. (2) Microfluidic chips are still in the stage 

of small-scale application testing in the field of 

sports and are gradually being industrialized and 

commercialized. Physiological and biochemical 

researchers also lack opportunities to collaborate 

with medical engineering researchers. (3) At this 

stage, the performance of wearable body surface 

microfluidic systems is increasingly getting better 

with the test data is getting more and more accurate. 

However, the golden standard for sweat analysis has 

not yet been established. 

In summary, wearable microfluidic systems 

have broad application space in the field of sports, 

whether it is in kinesiology monitoring, exercise 

training effect evaluation, or intervention in drug 

delivery, in which all of them provide new possibil-

ities. In the future, the research and development of 

wearable sports equipment, especially in combina-

tion with microfluidic technology, will introduce a 

multi-index, non-invasive or minimally invasive, 

real-time data analysis, cloud database support, 

feedback drug delivery and high-speed wireless data 

transmission functions. The wearable body surface 

microsystem provides strong scientific and techno-

logical support for preparing for the Olympic Games 

and a healthy China. 
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